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FOREWORD

P cop le  o f m y age o ften  have m ixed  e-motions ab o u t 
ency clo p ed ias , p ro b ab lv  because they  co n ju re  up  m ern- 
o ries o f w ritin g  h ig h -sch o o l te rm  pap ers  an d  read ing  
from  26 -vo lum e en cy c lo p ed ia s  in  the  library . T hose 
i n d i v i d u a l s  w h o  c a m e  o f  a g e  i n  t h e  C o m p u t e r  e r a  m a y  

n o t fully u n d e rs ta n d  to  w h a t I am  re te rring . As I have 
g ro w n  o ld e r, ĩ have red isc o v e red  the  u se íu ln ess  o f ency- 
c lo p ed ia s , especially  th o se  co m p ris in g  on ly  1, 2, o r  3 
vo lum es. My ĩavo rite  for general knovvledge is the 
Colum bia Encỵclopedia , w h ich  w as íìrst pub lished  in 
1935 an d  is now  in its fifth ed ition . 1 have used th is 
en cy c lo p ed ia  o n  m a n y  occasions. F o r exam ple , vvhile 
d ev e lo p in g  a G ra n d  R ounds lec tu re  011 celiac đisease, 
I d isco v ered  th a t the  d isease w as d escrib ed  exceed- 
ing ly  w ell in the  se co n d  c e n tu ry  A.D. by A re taeus the 
C ap p ad o c ian . W h e re  is C appadocia?  Is it an  an c ien t 
City o f G reece? K now ing  th a t so m eo n e  w o u ld  ask  m e 
th ese  q u es tio n s , I c o n su lte d  the Coỉumbiữ Encyclopedia  
an d  le a rn ed  tha t C ap p ad o c ia  w as the anc ien t H ittite  
State  lo c a ie d  in  w h a t is  n o w  C e n tr a l  T u r k e y . R e c e n tly ,  
I w as a sk ed  to be o n  the  thesis  co m m ittee  of a y o ung  
d ()c to ral ca n d id a te  in  o u r  In s titu te  for M edical H um a- 
n ities. H is d is se rta tio n  p ro p o sa l re ĩe rred  to p h ilo so p h ie s  
(e .g ., h e rm e n e u tic s  an d  p h en o m en o lo g y ) th a t 1 h ad  
n ev e r  h ea rd  of. T hese  top ics w ere described  in  the 
C olum bia Encyclopeảia  in  a brieí capsu le  ío rm a t th a t 
d id  n o t o v erw helm  m y u n tra in e d  and  u n ed u c a te d  
m in d . T h e re ío re , I have becom e a fan o f sm all-vo lum e 
en cy clo p ed ia s . T hey  are  q u ile  u se íu l.

W hv , th e n , has  a p u b lish e r  n o t p ro d u c e d  such  ency- 
c lo p ed ia s  for the  fields o f m ed ic ine  an d  the b iological 
sc iences? In  fact, in d eed  o n e  has. E lsevier has pub lish ed  
several su c h  en cy clo p ed ia s , in c lu d in g  The Encyclopedia  
oj C ancer (n o w  in  its  se co n d  e d itio n ), The Encyclopedia  
oj H orm ones , an d  The Encyclopedia o f Toxicology. 
N ow , u n d e r  the le ad e rsh ip  of E d ito r- in -C h ie f  L eonard  
R. Jo h n so n , Ph.D ., a resp ec ted  g as tro in tes tin a l sc ien tist, 
eclưcator, ed ito r , a n d  a u th o r, E lsev ier has pub lish ed  
The Encycỉopedia o f G astroenterologỵ. Dr. jo h n s o n  has 
assem blecl a cad re  o f 15 A ssociate E d ito rs, each  a h igh ly  
rc sp e c te d  ex p e rt in  on e  o r  m ore  of the top ics íe a tu re d  
in the  book . T hey  have b ro u g h t to g e th er over 700 
a u th o rs  to  w rite  477  a rtic le s , d iv ided  in to  th ree  vo lum es.

T hese a rtic les go a long  w ay tow ard  covering  the 
en ũ re  g am u t of g as troen te ro logy  an d  hepato logy  and  
clo so in  an  ex p e rt fashion. T hey  cover gas tro in tes tin a l 
and hepatic diseases, as well as syndromes, diagnostic 
an d  trea tm en t m oda lities, and  physio logical and  patho- 
logical p rocesscs. vvhere  necessary , d iscussions of som e 
of the d iseases are d iv ided  in to  separa te  artic les describ- 
in g  the c o n d itio n  in  ped ia tric  p a tien ts  an d  a d u lt patien ts. 
T he artỉc les are easy to  read , yet com prehensive , and  
usually  e n c o m p a ssb o lh  t h e  basic  S c i e n c e  a n d  t h e  c lin ic a l  
asp ec ts  of tha t d isease or p rocess. Each artic le  begins 
w ith  a g lossary  o f  te rm s ih a t allow s the u n in itia ted  to 
read  the  a rtic le  by Rlling in  gaps in u n d ers ta n d in g ; a b rie ĩ 
ab s trac t th a t gives a concise , b u t com prehensivc , over- 
view  of the  su b jec t m a tte r follow s the glossary.

M o d ern  gas troen te ro logy  an d  gas tro in tes tin a l 
S c i e n c e  le n d  t h e m s e l v e s  w ell to a n  e n c y c l o p e d i a  f o r m a t .  

G astroen tero logy  is a b ro ad  clin ical íield com prising  
issues that co n cern  h u m an  b ehav io r and psychology, 
o th e r  d isc ip lines th a t are  use íu l for u n d e rs ta n d in g  func- 
lional g as tro in tes tin a l d iseases, su c h  as dyspepsia  an d  
irritab le  bow el sy n d ro m e, an d  very  techn ical sciences 
tha t encom pass en d o sco p y  as a d iagnostic  and thera- 
peu tic  too l an d  o ĩte n  su rgery  as deíìn itive  trea tm en t. 
In the m idd le  of the  sp e c tru m  is c l a s s i c a l  in te rn a l m ed- 
icine as it  re la tes to the  g as tro ìn tes tin a l trac t an d  liver. 
F u rth e rm o re , the behav io ral, m ed ica l, endoscop ic , and  
su rg ica l ap p ro a ch es  m ay d iííer considerab ly  for pedia- 
tric  p a tien ts  v ersu s a d u lt patien ts.

As regards basic  g as tro in tes tin a l S c ie n c e , the gastro- 
in te stin a l trac t does m ore  than  sim ply  process and 
assim ilate  n u tr ie n ts  ancì w ater th ro u g h  ihe action  of 
its d igestive enzym es and  secreto ry  an d  absorp tive 
p rocesses. G astro in testin a l S c i e n c e  also encom passes 
d iverse fields su cb  as endocrino logy , im m unology , 
an d  the n eu ro sc ien ces. If all the en d o c rin e  cells of 
the g as tro in tes tin a l trac t w ere co m b in ed  in to  one 
organ , i t  w o u ld  be  the  largest en d o c rin e  o rgan  in  the 
h u m a n  body . S im ilarly , the m ucosal im m une cells 
and  the  g as tro in tes tin a l-a sso c ia ted  lym phatic  lissue 
to g e th er c o n s titu te  p erh ap s  the largest organ  of the 
im m ư ne system  in  the body. F u rth e rm o re , th is  en tire , 
com plex  ep ith e lia l, secreto ry , abso rp tivc , endocrine ,



and  im m uno log ical o rgan  is co n tro lled  by its ow n 
in trin s ic  b ra in  and  nervous system , the  en teric  nervous 
system .

G astroen tero logy  is m ade even m ore com plicated  by 
the írequency  w ith  w h ich  d iseases of th is  system  occur 
and  by  its close re la tio n sh ip  to o th e r d isc ip lines. Gas- 
tro in te stin a l cancer is the  second  m ost co m m o n  type of 
cancer, if  m en  and  w om en  are considered  together. The 
b road  iĩeld  of n u tr itio n  b o rd e rs  closely on  and  is in te r- 
tw ined  w ith  gastroen tero logy . F inally , the in testinal 
trac t is co lon ized  by com m ensal m icrob io ta  tha t are 
c ruc ia l for o p tim al hea lth . L ittle is k n o w n  ab o u t these 
m ic roo rgan ism s, b u t it is beg inn ing  to be u n d ers to o d  
th a t they may be a vehicle for the trea tm e n t o r preven- 
tion  of disease th ro u g h  p rob io tics.

T his b ro ad  view  of gastroen te ro logy  an d  gastro- 
in testin a l Science m ust have m ade it d ifficu lt for the 
E d ito rs to choose the ind iv idual artic les th a t m ake up 
these th ree  volum es. Hovvever, I find the  list to be fairly 
com plete  and each artic le  to be a good  m ix tu re  of basic 
knovvledge and  clinical in fo rm ation . If ce rta in  sub ject 
areas are no t rep resen ted  as speciíic articles, they are 
reasonab ly  well covered in  o th e r  artic les th a t are in  the 
th ree  vo lum es and  can be located  in  the su b jec t in d e x  at 
the end  of the th ird  vo lum e.

W ho w ill use The Encyclopedia o f G astroenterology 
and why? I believe th a t the range of p o ie n tia l u sers is 
w ide. F or exam ple, m ed ica l s tu d e n ts  o ften  have diffì- 
cu lty  w ith  m edical tex tbooks. E ither the tex tb o o k s are 
too advanced  and  the various w ords and  te rm s are no t 
exp la ined , m ak ing  it d iííicu lt for the s tu d e n t to com pre- 
h en d  the  text, o r else the co n ten t has b een  red u c ed  to a 
“m in i” tex tb o o k  version  tha t often  lacks substance .
I believe th a t m any of the en tries  in  th is  encycloped ia  
are gearecl períectly  for m edical s tu d e n ts  new  to clinical 
m edicine. T he glossary  o f term s at the  b eg in n in g  o f each 
artic le  an d  the abstracts  sh o u ld  be ex trem ely  h e lp íu l for 
those w ho are m edically  naive. F u rth e rm o re , the articles 
are w ell-crafted  co m b in atio n s o f basic Science and  clin- 
ical Science and  th is  is use íu l a t the m ed ica l s tu d e n t leve l.

P hvsịcians from  o th e r  d isc ip liiies w ill u n d o u b te d ly  
find The Encyclopedia o f Gastroenterology to be  a valu- 
able re íe ren ce  w ork . T he  exp lo sio n  of m edical knovvl- 
edge has m ade it diffici.llt, if n o t im possib le , to keep  up 
w ith  advancem en ts in  o th e r  areas of m ed icine. This 
encyclopedia p rov ides concise d esc rip tio n s o f the var- 
ious g as tro in tes tin a l d iseases tha t are easily  readab le , 
com plete , and up -to -da te . T bis sh o u ld  be q u ite  useful 
for the  p rim ary  care physic ian  o r a specia list in an o th er  
d ísc ip line  w ho needs to know  ab o u t som e speciíìc gas- 
tro in te stin a l disease o r process.

B a s ic  s c ie n ú s L S  a n d  n o n p h y s i c i a n  t r a n s la t io n a l  

research  sc ien tists  w ould  certain ly  beneíìt from  this 
encyclopedia also. F or in stance, the m ix tu re  of basic 
Science a n d  c l i n i c a l  S c i e n c e  i n f o r m a t i o n  in  each a r t ic le  

is precisely  w hat the basic sc ien tist needs as he or she 
w rites the In tro d u c tio n  or D iscussion sections of pub- 
lications o r the B ackground  section  o f gran t applica- 
tions. In add itio n , the encyclopedia w ould prove 
quite valuable in rap id ly  b rin g in g  scientists u p  to date 
in  a speciíìc area of g as tro in tes tina l disease. In th is e ra  of 
transgenic anim als, it is no t uncom m on for the scientist 
w ho has b een  co n d u c tin g  research  in  a specific field, for 
exam ple, im m uno logy  or rheum ato logy , to create a new 
kn o ck o u t m ouse tha t p resen ts  w ith  a gastro in testinal 
pheno type ra th e r  th an  a rheum ato log ical phenotype. 
T hus, the sc ien tis t w ho  has sp en t his or h e r career gain- 
in g a n  u n d e rs ta n d in g  o f rheum ato log ic disease w ill need 
to qu ick ly  acqu ire a basic u n d ers tan d in g  of C ro h n s 
disease and  u lceraú v e  colitis.

Finally , the gastroen le ro log ist or g as tro in tes tin d  
sc ien tist can cerla in ly  u tilize  th is encyclopedia as wel.. 
Ít is im possib le to stay  ab reast of all areas of g a s tro  
entero logy  and  g astro in testinal S c ie n c e  a n d  yet the 
overlapp ing  d isc ip lines w ith in  gastroen tero logy  m a/ 
d e m a n d  a m o r e  d e ta ile d  k n o w le d g e  o f  an o lh e r w is e  dìs- 
tant íield of expertise . T hus, 1 look forw ard to havin* 
these th ree  v o lum es on  m y bookshelf. They will be help- 
ful in  my clin ical p rac tice  o f gastroen tero logy  and  als) 
he lp íu l to m e as a sc ien tist and  to o the r research  scientisii 
in my laboratory .

In su m ra a ry , th e  E d ito r s  s h o u ld  be p r o u d  o f  theừ  
co n trib u tio n  to the k now ledge base o fgastroen tero log). 
They have found  a n iche in  o u r  fìeld that has h ith e rto  n a  
been  occupied . T here  w ill co n tin u e  lo be a need  fo- 
m ore e lem entary  d ic tionaries and  for highly detaileđ, 
advanced tex tbooks and  m onographs. The Encyclopecìú 
o f  G astroen tero logy  w i l l  p la y  a r o le  in  th e  m id d le  o f  thii 
spec trum  and  sh o u ld  be ex trem ely  valuable to a w id ' 
range of users. I believe th a t the  th ree volum es wiỉ 
find the ir way on to  the  bookshelves of m ost m edica 
l ib r a r i e s ,  a s  w e l l  a s  t h o s e  o f  i n d i v i d u a l  p r a c t i t i o n e r ;  

of m ed icine a n d  active g astro in testinal invesùgatorí. 
The Encycỉopcdia o j Gastroenteroỉogy is an ex ư em e l’ 
useful ad d itio n  to o u r fìeld.

D o n  w .  P o w e l .  

P ro/essor, In ternal M edicin  
Pro/essor, C e lìu la r  P hysio ltìgy  a nd  M olecu lar B iophysic  

Associate. D ean fo r  R eseara  
P roạram  D irector, G enera l C lin ica l Research C ente  

U n iversity  o f  T exas M ed ica l B ra m h  ưt G alvcston , T cxa



PREFACE

T he E ncỵdopedỉa  o f Gastroenteroỉogy b ridges basic 
Science and  clin ical gas troen te ro logy  in a w ay th a t 
s h o u l d  a p p e a l  t o  t h e  e x p e r t  r e s e a r c h i n g  a t o p i c  o u t s i d e  

h is  or h e r  íìe ld  o í e x p e r t is e  a s  w e ll  a s  to  s tu d e n ts  a n d  th e  
educated  public . A lthough  som e artic les on  the basic 
m edical S c ie n c e s  stand  alone, m ost iĩitegrate  these 
topics with areas of clinical medicine. These volumes 
appear ai a time when general interest in, and know l- 
c c lg c  o f ,  t h e  g a s t r o i n t e s t i n a l  t r a c t  is  e x p a n c l i n g  a t  a  r a p id  

rate. R esearch has led lo  new  ap p ro ach es in  the trea t- 
m e n t o f  m a n y  g a s tr o in te s t in a l  d is e a se s  a n d  a p le th o r a  
o f  n e w  drugs h a v e  b e e n  a d c le d  t o  t h e  p h a r m a c e u t i c a l  

arm am en tarium . D iagnostic  p ro ce d u re s  have advanced  
rem a rk a b ly  o v e r  th e  p a st few  y ea rs , le a d in g  to  an  
increased  u n d e rs ta n d in g  of how  d iseases develop  an d  
a n  i m p r o v e d  a b i l i t y  t o  d e t e c t  t h e m .

T he reacler w ill íind articles re la ted  to all areas of 
gastroen tero logy . T h e re  are  a rtic le s  covering  basic phy- 
siology, pharm acó logy , ana tom y , im m unology , and  
m icrobỉology. O th e rs  rela te  these  basic íìelds to speciíìc  
diseascs. M any of llicsc artic les are cn titlcd  w ith  the 
nam e of a clisease o r  p a tho log ica l co n d itio n . W b en  
ap p ro p ria te , n u tr itio n a l aspec ts  o f clin ical co n d itio n s  
are em phasizeđ  an d  several a rtic les ĩea tu re  aspec ts  of 
nu tritio n . Areas of p arasito logy  o f specia l im p o ria n ce  in  
re la tion  to  the  g as tro in te s tin a l trac t are also covered. 
Separate artic les  trea t top ics re la tin g  p rim arily  to ped ia- 
tric  g as tro en te ro lo g y  a n d  n u m e ro u s  en tries  are con- 
cerned  wii h rad io logy , en doscopy , and  surgery .

The artic les are vvritten and  o rgan ized  to serve as 
conven ien t, yet c o m p re h en siv e  so u rces  o f in ío rm a tio n . 
Each of the 477 en trie s  beg ins w ith  a g lossary  of cross- 
referencecl te rm s fo llow ed by  a b r ie f  abstract. G en ero u s 
use of p rim ary  an d  seco n d a ry  head ings allow s the  read er 
to locate m ateria l rap id ly . T ables an d  íigu res em phasize  
im portan t p o in ts  and  concep ts. Each artic le  p resen ts  
core knovvlecỉge, tim e-tes ted  and  generally  accep ted  
w ith in  the field. As a resu lt, the re  are no  specific refer- 
ences w ith  the  en tries. E ach co n trib u tio n , how ever, 
concludes w ith  a list oí re íe ren ces for íu rth e r  read ing .

M any o f these  are  rev iew  artic les  w ith  com p reh en siv e  
b ib lio g rap h ies .

T h is  w o rk  b eg an  w ith  th e  se lec tio n  o f a n u m b e r  of 
gen e ra l a reas  o f coverage. A g ro u p  o f 15 A ssociate 
E d ito rs , each  of w h o m  is an  ex p e rt in  at least one of 
these  areas, w as su b se q u en tly  rec ru ited . T he en tire  
g ro u p , a lo n g  w ith  m em b ers  o f th e  E lsev ier staff, then  
m e t for tw o days in  San D iego. T h a t m e e tin g  resu lted  in 
the  re fin em en t o f the areas o f coverage, se lec tio n  of 
in d iv id u a l a rtic le  to p ic s  w ith in  those  areas, an d  iden ti- 
íìc a tio n  o f p o ten tia l a u th o rs . T he  A ssociate E d ito rs  an d  ỉ 
believe th a t w e have co vered  th e  im p o r ta n t to p ic s  of 
basic  an d  c lin ical g as tro en te ro lo g y . E ach artic le  is w rit- 
ten  to s ta n d  a lo n e  as a co m p le te  su b jec t, so the re  is, no  
d o u b t, a c e r ta in  am o u n t o f overlap . T h is , how ever, 
sh o u ld  m ak e  it easie r for the  re a d e r  to  locate  a specitìc  
p iece  o f in ío rm a tio n .

A p ro d u c t o f th is  m a g n itu d e  re p re se n ls  the  know l- 
edge an d  e íío rts  o f a large n u m b e r  o f in d iv id u a ls . M ore 
th a n  60 0  a u th o rs  c o n trib u te d  th e ir  ex p e rtise  to  the 
in d iv id u a l artic les. I am  espec ia lly  g ra te íu l to those 
w h o  p ro d u c e d  a rtic le s  o n  sh o rt n o tice , so th a t o u r  dead- 
lin e  co u ld  be m et. An o u ts ta n d in g  g ro u p  o f 15 A ssociate 
E d ito rs  w as th e  ío u n d a tio n  for th is  p ro jec t. D ue to the ir 
g rea t b re a d th  o f kn o w led g e , th ey  w ere  able to  p ro p o se  
top ics for a rtic le s  an d  re c o m m e n d  th e  a u th o rs  to  w rite  
them . T hey  th e n  re c ru ite d  the a u th o rs  a n d  ed ited  the 
co m p le ted  articles.

F inaỉly , I ack n o w led g e  the  c o n tr ib u tio n s  of the staff 
at E lsevier. T he Encỵclopedia o f Gcistroenterology w as 
in itia te d  an d  s u p p o r te d  by  Ja sn a  M arkovac, Sr. Vice 
P re s id en t, E lsev ier, Science a n d  T echno logy . N ick 
P an iss id i, S en io r D ev e lo p m en ta l E d ito r , was in d isp en - 
sab ìe as he co n ta c te d  a u th o rs  an d  k e p t u p  w ith  all a rticle  
su b m iss io n s . P at G onzalez  se rved  as P ro d u c tio n  M an- 
ager, an d  T ari P aschall, Sr. P u b lish in g  E d ito r, an d  Ju d y  
M eyer, A ssociate  P u b lish in g  E d ito r, p ro v id ed  overall 
m a n ag e m en t o f th e  p ro jec t.

L e o n a r d  R. J o h n so n

x x x ỉ





GUIDE TO USING 
THE ENCYCLOPEDIA

T h e  Encvclopedicỉ o f  G cistroenterology  is a co m p reh en siv e  
yet accessib le  re so u rce  describ in g  all s ig n iíìcan t aspec ts  
o f the  clisciplinc o f gastro en te ro lo g y . T h is reference 
w o rk  co n s is ts  o f th ree  sep ara te  vo lum es and  in c lu d es 
4 77  a rtic le s  vvritten by  lead ing  ex p e rts  in  the íìeld . E ach 
e n try  in  thc  en cycloped ia  p ro v id es a ío cu sed  d esc rip tio n  
oí th e  gi ve rì top ic , in te n d ed  to  in fo rm  a b ro ad  sp ec tru m  
o f re a d e rs , ran g in g  from  academ ic an d  clin ical gastro - 
e n te ro lo g is ts  to  s tu d e n ts  an d  to  the in te res ted  gcneral 
p ub lic .

]n o rd c r  th a t you, the reacler, wi 11 d erive  th e  g rea test 
p o ss ib le  b en e íìt ỉrom  y o u r use of the Encỵclopedia o f 
G astroenierology , we have p ro v id ed  th is  G uide. It 
e x p la in s  how  the en cy clo p ed ia  is o rgan ized  an d  h o w  
the  in ío rm a tio n  w ith in  it can  be located .

O rganization

AU o f  the  a r tic le s  in  the Encyclopedia oj G astroenter- 
ology art' a rran g ed  in a single a lp h ab e tica l seq u en ce  bv 
title. A rticles vvhose titles bcg in  w ith  ihe le u e rs  A to  E 
are in V olưm c 1, a rtic le s  w ith  titles from  F to  N are in  
V olum e 2, ancl a r tic le s  from  o to z are in  V olum e 3, 
a lo n g  w ith  the S ub jec t Index.

So that th ey  can  be easily loca ted , a rtic le  titles gen- 
e-rally b eg in  w ù h  the  k ev  w o rd  o r p h ra se  in d ic a tin g  the 
tọ p ic , w ith  an y  g eneric  te rm s follow ing. T h u s, for 
ex am p le , “C olitis , ư lc e ra tiv e ” is the a rtic le  title  ra th e r  
th a n  “ư lc e ra liv e  C olitis," and  is g ro u p ed  w ith  the  o th e r  
■“C olitis" en tries . S im ilarly , “N u tr ie n t T ra n sp o rt, Regu- 
la tio n  o p  is the title  ra th e r  than  “R egu la tion  o f N u tr ie n t 
T ra n s p o r t.”

Table of C ontents

A co m p le te  tab le  o f  co n te n ts  for th e  Encỵcỉopedia oj 
G astroem crology  ap p e a rs  at th e  fron t o f each  voỉum e. 
T h is  a lp h ab e tic a l lis t o f  a rticle  titles (see page v) is f()I- 
low ed  by a se co n d  co n ten ts  lis t (see page x ix) in  w h ich  
the title s  a re  lis ted  acco rd in g  to  th e ir  su b je c t area. T he 
a rtic le s  havc h ee n  classiíìed  in to  25 d iffe ren t su b jec t 
areas lis ted  below :

A b so rp tio n  and  S ecre tion  
A nato rny  an d  D eve lopm en t

Biliary System
C ancer
Cell B iology
C o litis /ư lc e r/D ia rrh ea
E sophagus
G enera l S ym ptom s
H o rm o n es  an d  T ran sm ittc rs
Im.munol.ogy
ĩn te s tin cs
Liver
M otility
N eu rogas troe  n teroì ogy
N u tritio n
O vcrview s
P ancrcas
P arasito iogy
P ed ia trics
P harm aco logy
P sychologv  an d  B ehavior
R adiology an d  E ndoscopy
Stom ach
Surgery
System ic D iseases 

Index

A S ubject In d ex  is located  at the en d  o f V olum e 3. 
T h is in d e x  is th e  m o st co n v en ien t vvav to  locate a d es ired  
top ic w ith in  the encvcloped ia  and  th u s  it sh o u ld  be the 
s ta rtin g  p o in t for any reacler seck ing  to find a topic. T he 
en iries  in the in d e x  are listed  a lphabe tica lly  an d  in d ica tc  
the v o lu m e and  pagc n u m b e r w here in ĩo rm a tio n  on th is  
top ic  can be íoưnd.

Article Format

.Articles in  the  Encyclopedia ỡ f Gastroenterology  are 
a r r a n g e d  i n  a S t a n d a r d  í o r m a t ,  as follows:

T itỉe an d  A u th o r 
G lossary
D eR ning S ta tem en t 
Body o í A rticle 
C ross-R eíerences 
F u rth e r  R eading



Glossary

T he G lossary  co n ta in s  te rm s tha t are im p o rta n t to an 
u n d e rs ta n d in g  o f the artic lc  an d  th a t m ay be u n íam ilia r 
to th e  reader. E ach  te rm  is d e íìn ed  in the co n tex t o f the 
p a r tic u la r  artic le  in  w h ich  it  is used. T he encycloped ia  
includes approxim ately  2 ,000 glossary term s. F or exam ple, 
the a r tic le  “G lycogen  S torage D isease” in c lu d es  the fol- 
low ing  g lossary  en tries  (am o n g  o th e rs):

g lu co n eo g en esis  Form ation o f new  g lucose from noncarbo- 
hydrate substrates, inc lu d ing  various am ino acids, lactate, 
pyruvate, and glycerol. 

g ly co g en o ly sis  Intracellular breakclovvn o f g lycogen  to 
glucose.

Defining Statement

T he tex t of each  artic le  beg in s w ith  arì in tro d u c to ry  
p a rag rap h  tha t is d isp layed  in  b o ld íace  an d  set off from  
the rest of the artic le . T h is in tro d u c tio n  de íines  thc top ic 
u n d e r  d iscu ss io n  an d  su m m arize s  the c o n tcn t o f the 
article . F or exam ple , the en try  “C eliac D isease” beg ins 
w ith  the fo llow ing  defin ing  parag raph :

C elia c  d ise a se , a ch ro n ic  in íla iĩim a to r y  c o n d it io n  a sso -  
c ia ted  w ith  sm a ll in te s t in a l in ịu ry  in d u c ed  by g lu tc n  e x p o -  
su re , r e su lts  in  m a la b so r p tio n  o f  d ifferen t n u tr ie n ts . It is  
a sso c ia te d  w ith  m u lt ip le  o th e r  m e d ica l c o n d it io n s . T he  
d ia g n o s is  r e lie s  o n  c h a r a c te r istic  f ìn d in g s  o f  sm a ll in te st-  
in a l b io p sy . P a tie n ts  w ith  c e lia c  d is e a s c  u su a lly  resp o n đ  
q u ick ly  to  a g lu ten -free  d ie t. T h e  d ise a se  r eq u ire s  a Iife- 
lo n g  c o m m itm e n t to  a g lu ten -free  d ie t  to  p rev en t recur- 
ren ce  o í sy m p to m s  and  o th e r  p o tc n t ia l c o n se q u e n c e s .

C ross-Reíerences

AU o f the a rtic le s  in th e  E n cy c lo p ed ia  have cross- 
re ĩe ren ces to o th e r  articles. T h ese  ap p e a r a t the  conc lu - 
sion  o f the artic le  tex t, p rec ed in g  th e  F u rth e r  R eading 
section . T he E ncycloped ia  co n ia in s  over 2 ,700 cross- 
re íc rences in all. T he cross-rcferences in d ica te  re la ted  
artic les tha t can  be co n su lte d  ío r íu r th e r  in ío rm a tio n  
o n  th e  sam e top ic , o r  for in ío rm a tio n  on  a re la ted  
topic. F o r exam ple , th e  a r tic le  “D iarrhea" p rov ides

the fo llow ing cross-reíerences:

A ntib iotic-A ssociated  Diarrhea •  Anti-D iarrheal Drugs •  
Bacterial T oxins •  Carbohydrate and Lactose M alabsorptiom
•  Diarrliea, In íectiou s •  Diarrhca, Pediatric •  G astrocnterỉtiis
•  M alabsorption •  M alnutrition •  Pancreatic F unction  T ests •  
Traveler,s  Diarrhea

Further Reading

T he F u rth e r  R eading section  appears as the last e le -  
m en t in an article . It lists recen t seco n d ary  so u rces to ai d 
the reader in locating  m ore deta iled  or techn ical in ĩo r-  
m ation. Review articles and  resea rch  papers tha t a re  
im p o rta n t to an  u n d ers ta n d in g  o f the top ic are als-0 
listed. F o r exam ple , the artic le  "G astroesopbageal 
Reílux D isease (GER D)’' has the fo llow ing  re íe re n ce s  
(am ong o lhers):

Achcm, s. R., Kolls, B. E., MacMaih, T., Richier, J., Molir, D., Burion,
I.., and Castell, O. o .  (1997). Effcctsoí omeprazole versus pỉacebo
in Lreatmcnt of noncarcỉiac chest pain and gastm esophageal 
reflux. Digest. Ois. Sci. 42 , 2 1 3 8 -2 1 4 5 .

DeVault, K. R., and Casiell, D. o .  (1999). updatcd guidelines for the  
diagnosis and treatm enioĩgastroesophagẹaì reílux disensc. Am. ]. 
Gastmenteroỉ. 94, 1434—1442.

Hunier J . G., Trus, T. L., Branum,G. D., W aringJ. p.,and VVood, w .  c .  
(1996). A physiologic approách lo laparoscopic ỉundoplỉcátion  
for gastroesophageal reílux discase. ìAmm. Surị>. 223 , 6 7 3 -6 8 5 .  

Ours, T M., Kavùru M. s ., Schih, R. J., and Richtcr, J. E. (1999). A 
prospectivc evaluation oí csophageaỉ le-sting and a double-blind, 
randomized study of omcprazoie in a dỉagnostic and thcrapeutic 
algorithm íorchroniccough. Am.J. Găstrocnteroi. 94 , 3131 - 3 1 38. 

Spcchler, s. J., Lee, E., Ahnen, D., ct al. (2001}. Long-term outcomc of  
mcdical and surgical ihcrapics for gastrocsophagcal rctlux dib- 
ease: Follow-up of a ranđomizcd controlled trial. /. Am. Med. 
Assoc. 285, 2 3 3 1 -2 3 3 8 .

VVáring, J. p. (2001). Surgical and enđoscopic treatment oí gastro- 
esophageal reílux disease. Gasíí'OÍ?iíesí, Clin. Notíh  Am. 31, 
S 89-S 1 0 9 .

T he F u rth e r  R eading references are for th e  beneB t of 
the reader; they  p rovide the a u th o rs  reco m m en d a tio n s 
for m ore  in ỉo rm a tio n  on the given topic. T hus they  
consist o f a lim ited  n u m b e r o í  en tries. T hcy  do not 
rep resen t a com plete  lis ting  of all the so u rces co n su h ed  
by the a u th o r  in p rep arin g  the paper.



Obesity, Treatment of
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bod y m ass ind ex  A m easure o f norm al vveight and over- 
w eight |w e ig h i (in k ilogram s)]/Ịheight (in cen ti- 
m eters)]2.

gastric bypass Consiruction of a small (10—30 ml) proxim al 
gastric pouch  by stap ling across the stom ach or com plete  
reseciion  írom  the resi of ihe stom ach, connected  to a 
segm en i o f jejunum  brought up at a Roux-en-Y limb. 

o b esiiy  Bocly m ass intlex is > 3 0 k g /m  . 
overwcight Body mass index in the rangc of 25 — 29.9 kg/m .

O besity  p roduces com plications tha t involve nearly  all 
m ajor organ system s. T he m ajor gas tro in lestinal m cdical 
coinpỉications associated with obesity includc gallstones, 
nonalcoholic latiy liver disease, and possibly gastro- 
esophageal rcílux disease.

IN T R O D U C T IO N

As Ihe ep idem ic o f obesity  has g row n over the  past 20 
years, the  need to u n d e rs ta n d  its causes an d  apply  th is 
knovvleđge to ihe  irea tm e n t of obesity  has becom e ever 
m ore ư r^en t. As m edical sc ience’su n d e rs ta n d in g o fo b e -  
sity  increases, novel ideas ab o u t tech n iq u es, strateg ies, 
m o lecu ỉes, and  p ro ce d u re s  tha t can  be u sed  to cu rta il 
the d ev asta tin g  effects o f th is  ep idem ic w ill em erge. T his 
artic le  w ill focus on  íìve d.ifferent ap p ro a ch es  to the  
trea tm e n t o f obesity . T hese are behav io ral therapy , 
d ie t, exercise , m ed ica tio n s, and  su rgery . As the re  is 
on ly  sp ace  for a b rie f d iscussion  of each, the rea d e r is 
rc íe rred  tí) o th e r  so u rce s  ío r m ore deta ils  (see F u rth e r  
R eading). Since obes ity  is an  im ba lance betvveen the 
e n e r g y  t h a t  i s  i n g e s t e d  a n d  t h e  e n e r g y  t h a t  i s  e x p e n d e d ,  

any irea tư ien t m u st have an  eííect on  One o r  b o th  sides o f 
the energy  baiance eq u a tio n . This co n c ep t is easily  
app lied  to  d ie t, w h ich  aim s to red u c e  food in take , 
and exercise , w h ich  a im s to  raise energy  ex p en d itu re . 
The su b tle tie s  o f  th is c o n c ep t, w h en  app lied  to  m edica- 
tions, are m o re com plex .

B EH A V IO R  TH ERAPY

O ver the past 30 years, the re  has been a s teady  im prove- 
m en t in  behavioral te ch n iq u e s  th a t w ere orig ina lly

in tro d u c e d  on ly  in  1967 by S tiia rt in  a classic paper. 
T he b asic  e lem en ts  o f any  b eh av io ra l p ro g ra m  focus 
on  th ree  th ings: id e n tiíy in g  th e  an te c e d e n ts  to  ea ting  
an d  c h a n g in g  them ; c h a rac te riz in g  an  in d iv id u a rs  
ea tin g  stv le  and  im p ro v in g  it; an d  p ro v id in g  rew ards 
for im p ro v e d  ea tin g  b eh av io r. W iih  p ro g ram s th a t ỉast 
up  to 24  w eek s, ihc re te n tio n  is usua lly  m ore th an  75% 
and  w e ig h t losses can be u p  to  10% oí in itia l body  
w eight.

R e tro sp ec tiv e  ana ly sis  h as  sh o w n  th a t several 
s tra teg ie s  are  p a rticu la rly  useíu l. T hese  in c lu d e  
se lf-m o n ito rin g  o f  o n e ’s ea tin g  h ab its , ea tin g  a low er 
íat d ie t, b e in g  m o re  p h y sica lly  ac tive , an d  dev e lo p in g  
a s u p p o r t  sy stem  to  help  rew ard  successíu l behavior. 
Provicling s tru c tu re d  m eal p lans has p ro v en  to  be an  
acld itional usefu l stra tegy . T h ese  can  be m eal p lans, 
w ritte n  m e n u s , o r  p o r tio n -c o n tro lle d  íoods. T he  use 
of th e  in te rn e t h as  also  p ro v en  to  be a p o te n tia lly  valu- 
able a p p ro a c h  to  d e liv e rin g  b eh av io ra l the rapy . The 
m a jo r p ro b lem  w ith  b eh a v io ra l s tra teg ie s  is tha t p a tien ts  
ten d  to regain  w eigh t afte r leav ing  ihe  p rog ram . R ecent 
íocus h a s  c o n c e n tra te d  o n  w ays o f co n tin u in g  the 
im p a c t o f  the  p ro g ra m  ov er lo n g e r  p e rio d s  o f tim e.

O v erw eig h t a d o le sc en ts  a re  a good  ta rge t for p re- 
ven tive  s tra teg ie s  u s in g  b eh a v io r  th e ra p y , b ecause  good 
10-year clata sh o w  th a t in te rv e n tio n  for th is  g ro u p  can 
red u c e  the  d eg ree  of o v erw eig h t in to  ad u lt life. D ata on 
the efficacy of b e h a v io r  p ro g ra m s ca rried  o u t in  con- 
tro lled  se ttin g s  sh o w  th a t w e ig h t losses average nearly  
10% in  tr ia ls  la s tin g  m o re  th a n  16 w eeks. T he p roblem  
w ith  b eh a v io ra l th e ra p y  is th a t reg a in in g  vveight once 
the be h a  vi o r  tre a tm e n t e n d s  is íre q u e n t. At le as t one 
lo n g -te rm  s tu d y  sh o w ed  th a t b eh av io ra l the rapy  
co u ld  p ro v id e  lo n g -te rm  w eig h t loss, p ro v id in g  it was 
c o n tin u ed .

D IE T  

C alories

T he e ssen tia l e lem e n t o f any  d ie t is th a t it red u ces the 
to tal ca lo ric  in ta k e . M any d iffe ren t d ie ts  have been 
re c o m m e n d e d  o v e r  th e  p as t 150 years since  Mr. B anting  
p u b lish ed  h is  fam o u s p a m p h le t in  1863. O n e  o f the  m ost



p o p u la r  th em es h asb ee n  the low -carbohvdratc cliet. The 
fact tha t new  die ts co n tin u e  to appear suggesls th a t none 
of them  have a m agic ío rm u la  because if one d id , none of 
the o th e rs  w ou ld  have succeeded  in ihe m arketp lace .

Fat

T here are  a nu m b er o f e lem ents of an effective d iet 
tha t anvone can in co rp o ra te  w ith  potential beneíìt. The 
observa tion  from  behavioral therapv that a low-fat d iet 
is w h a t successỉu l p a tien ts  ad o p t suggests tha t this 
w ould  be a useful strategy. Several review s have 
show n th a t low -fat d ie ts  are associated vvith vveight 
loss. The in itia l w eigh t is one variable p red ic ting  the 
m agn itude  o f the resp o n se  (overvveight people lose 
m ore than do  norm al w eight people). A second variable 
is the am o u n t of fat rem oved  from  the d iet— the g reater 
the red u c tio n , the m ore w eigh i is losi. Palatability  o f ihe 
d ie t may bc an o th e r  factor. A recen i study show ed  that 
rep lacing  fat w ith  o lestra , a nondigcstib le fat substitu te , 
reduced  b o d y  w eight by 6% and  bodv fat by nearly  20% 
over 9 m o n th s , w hereas a S ta n d a r d  reduced-íal d ie t w ith 
the sam e available fat w as relatively ineHective. How- 
ever, a very-low -fat diet can  be difficult íor m any people 
to adhere  to. F o r th is  reason , the  best advice is to reduce 
sa tu ra te d  a n d  írans-fatty  ac ids and  to low er total fat to as 
near 25% as possib le for the individual.

Carbohydrate and Fiber

C arb o h y d ra ie  an d  b o th  digestible and indigestib le 
íiber iruake can  affect food in iake. A lthough recen t stu- 
d ies show  th a t su b stitu tin g  s ta rch  for sugar does no t 
p ro d u ce  g rea tc r w eight loss, the  type of d igestib ility  
of th a t ca rb o h y d ra te  m ay play a role. T he glvccm ic 
load, w h ich  is the glycem ic index  lim es tbe carbohy- 
d ra te  in tak c , m ay be im p o rtan t. In the N urses H ealth 
S tudy, the glycem ic load  was rela ted  10 the risk  o f devel- 
op ing  h ea rt d isease and  d iabetes. Dieis w ith  a low  gly- 
cem ic index , i.e., w ith  a low er rise  in glucose, p roduce 
m ore sa tiety  than  do d ie ts w ith  a high glycem ic index.

Breast Feeding

Several recen t s tu d ics  suggest that ihe leng th  of 
b reastíeed ing  affects ch ild h o o d  obesitv. In a large 
G erm an stu d y  of m ore than 11,000 ch ild ren , von 
K ries ct aỉ. show ed  that the du ra tion  of b rcastíeed ing  
as the  solc sou rcc  o f n u tr itio n  w as inverselv re la ted  to 
the inc idence o f  obesitv , de íìned  as a vvcight above the 
9 5 th  p ercen tile , w hen  ch iỉd ren  entered  the (irs ig rade. In 
th is study , the inc idence was 4.8%  in ch ild ren  w ith  no 
b reastíeed ing , íalling in a g raded  tashion to 0.8%  in 
ch ilđ ren  w ho w ere fed solely from the brcast for 12

m o n th s  or m ore. A seco n d  large rep o rt also showe'.d 
ihat b rcasiíeed ing  reduced  the  inc idence o f overw eighư 
adolescen ts. The th ird  re p o rt vvith few er sub jects anid 
m ore e thn ic  heterogcneity  ía iled  to show  th is effec‘t. 
H ow ever, the  possib ility  th a t len g th en in g  the duratio*n 
of b reastíeed ing  cou ld  red u ce  the fu ture r isk  of obesity  iis 
an o th e r  reason  to reco m m en d  b reastíecd in g  for at le a s t  
6 to 12 m onihs.

Dietary Calcium

N early  20 years ago, M cC arron  et aỉ. rep o ried  th a t  
the re  vvas a negạtive re la tio n sh ip  betw een  body  masis 
Index and  d ie tary  calc ium  in ta k e  in  the clata co lỉected  b y  
th e  N a tio n a l C e n te r  for H e a lth  S ta tist ic s . M o re  r e c e m lv ,  
in  1999, Zem el et cú. fo u n d  th a t th e re  was a stron.g 
inverse re la tio n sh ip  betvveen ca lc ium  in take and  th e  
risk  oỉ being  in  the h ighest quartile  o f body m aas 
index. T hese stud ies  h av e  p ro m p te d  a reevalua tion  C)f 
clinical trials that have given calcium  supplem enns 
o r a l l y .  I n  t h e  p r o s p e c t i v e  t r i a l s ,  s u b j e c t s  r e c e i v i n g  c a i l -  

ciuin  had  a g rea ter w e ig h t  loss th an  d id  sub jects recciv - 
ing  p lacebos. Increasing  ca lc ium  from  0 lo n ea rly  
2 0 0 0 g /d ay  was associa ted  w ith  a red u c tio n  in b o d y  
m ass index  (BMI) o f ap p ro x im ate ly  5BM1 u n its . 
T hese daia m igh t suggest th a t low calc ium  in ta k e  
plays a role in ihe cu rre n t ep idem ic  of obesity.

EXERCISE

Exercise is an  obvious w ay to increase energy  ex p en d ì- 
tu re . This is desirab le for a ll A m ericans and  w ọuld  b e  
beneíìcial for red u c in g  ca rd io v ascu la r risks. H ow ever, 
ío r m any peop le  w ho are overw eigh t, exercise can be a 
cha llenge, because they  are  a lrcadv  ex p en d in g  m ore  
energy  do ing  everyday ạctiv ities. T hus, for m any su c h  
patien ts, a sim ple w alk ing  p ro g ram  can  be the best 
app roach . T hat th is  is valuab le  is show n  by the D iabctes 
P reven tion  P rogram , w h ere  a liíestylc program  of d ie t 
and  exercise p ro d u ce d  a 58%  ređ ư c tio n  in ihe conver- 
sion  of p a tien ts  w ith  im p a ired  g lucose to lerance to 
d iabetes m ellitus.

W ith  su b stan tia l a m o u n ts  o f  superv ised  exercise, 
s ign iS can t w eigh t loss can  b e  ob ta ined . Hovvever, for 
m any people, exercise adds little  ex tra w eight loss to a 
d ie tary  p ro g ram  aim ed  at w eig h t loss, p robab lv  because 
peop le  do  not m aintain. the am o u n t o f exercise th a t is 
p rescribed . Sonie rep o ris  suggest th a t exercise m ay con- 
serve bodv p ro ie in  d u rin g  dietine;, bư t o thers do not.

The m ost beneficial p a r t o f an exercise program  
com es vvhen try ing  to m ain ta in  a low er bodv w eight. 
In a survev o f peop ìe  w ho w ere  successh il at m ain ta in ing



vveight, e x c r c is e  w a s  m a in ta in e d  at a ỉe v c l s ig n i í ìc a n l ly  
a b o v e  th a i in  p e o p ìe  w it h o u t  a w e ig h i  p r o b le m .

M E D IC A T IO N S

M edica tion  sh o u ld  be se riously  c o n s id e red  for clin icallv  
overvveight in d iv id u als , d e íin ed  as in d iv id u a ls  w ith  a 
bodv  niass index  above 30 kg/m  , o r  th o se  w ith  d iabetes, 
im pa ired  gluco.se to le ran ce , h y p e rte n s io n , o r  h ea rt dis- 
ease com bined  w ith  a BMI above 27 k g /m  . T w o stra te- 
g ies can be u sed  to trea t in d iv id u a ls  w h o  are  clin ically  
overvveight. lf  they  h av e  co -m orbicìities, in d iv id u a l 
d rugs can  be used  to trea t each  co -m o rb id ity ; i.e., 
p a ticn ts  can be ư e a te d  fo r th e ir  d iab e te s , h y p e rte n s io n , 
dyslip idem ia , an d  s leep  apnea. A lte rna tive ly , o r  in  add i- 
tỉo n , p a tien ts  w ith  a BMI >  30 k g /m 2 co u ld  be trea ted  
w ith  àn ti-obesity  d rugs. C u rre n t d ru g s  in c lu d e  ap p e tite  
s u p p r e s s a n t s  thai a c t  o n  the  C e n tr a l  n erv o u s  system  a n d  

orlis ta t, w h ich  b locks p an c rea tic  lipase . T he ava ilab ility  
o f  these agen ts differs frơm  c o u n try  to  c o u n try  and  any 
physic ian  p lan n in g  to use them  sh o u ld  be  fam iliar w ith  
th e  local regu la tions. M ost o f th e  clrugs 011 ih e  m ark e t 
w erc  reviexved and a p p ro v e d  m o re th an  20 years ago and  
are approved  for short-teriT i use only. T he basis  for the 
sh o rt- te rm  use is tw ofo ld . F irst, a lm o st all the s tu d ie s  o f 
these  agents are sh o rt- te rm . S econd , the reg u la to ry  
agencies are  co n c e rn ed  ab o u t th e  p o te n tia l fo r abuse 
an d  th u s lìave re s tr ic te d  th e ir  p re sc rip tio n  to  “only  a 
few w eeks,” w h ich  is u sua lly  in te rp rc te d  as u p  to 12 
w eeks. The w ithdraw al o f fen ílu ram in e  an d  d ex íen ílu r-  
am in e  from  the m ark e t in  1997 fo llow ing  the  deve lop - 
in en t o f valvu ỉar h ea rt d isease in  p a tie n ts  tre a te d  w ith  
these  d rugs íu r th e r  c o m p o u n d s  the co n c e rn  o f h ea lth  
a u th o ritie s  ab o u t the  sa íe ty  of a p p e tite  su p p ressan ts . 
Because oí the  reg u la to ry  lim ita tio n s  an d  th e  lack oí' 
longer-te rin  data o n  sa íe ty  an d  effìcacy, the u sc  of the 
d ru g s  app roved  ío r sh o r t- te rm  tre a tm e n t m u s t be care- 
fully ju stified . T hese  d ru g s  m ay be u se íu l in  in itia tin g  
trea im en t an d  in h e lp in g  a p a tie n t w ho  is re lapsing , b u t 
on ly  for a lew w eeks.

S ibu tram ine (M erid ia ; R eductil) is ap p ro v e d  in  
m any  c o u n irie s  for lo n g -te rm  use. T he ev idence 
shovvs that w eigh t loss o f  10% o r  m o  re can  be p ro d u c e d  
w ith  th is  d rug . T he s id e  effect p ro íile  in c lu d es  dry  
m ơ u th , as then ia , in so m n ia , an d  c o n s tip a tio n . Ít. also 
p ro d u ce s  a sm all in c rease  in  h ea rt ra te  of 2 —5 beats  
per m inu te  and a sm all rise in  b lo o d  p re ssu re  of 
2 - 4  m m  Hg. C lin ical d a ta  show  no  ev idence o f  valvu lo- 
pathy. Blood p ressu re  sh o u ld  be  fo llow ed  ca re íu lly  and  
the d ru g  m ay be in a p p ro p ria te  in  p a tien ts  w ith  s tro k e , 
congestive heart ĩa ilu re , o r re c e n t m y o card ia l in ía rc- 
tion . ll sh o u ỉd  n o t be used  vvith o th e r  se ro to n e rg ic  
d ru g s or d rugs tha t in h ib it  m o n o am in e  ox idase .

O rlisia t (X enical), a d ru g  tha t b locks in te stin a l 
lipase, has  been  ap p ro v e d  for lo n g -te rm  use in  m any 
co u n tries . In clin ical tria ls  la s tin g  u p  to 4 vears, o rlis ta t 
w a s  a s s o c i a t e c l  w i t h  a  m e a n  w e i g h t  l o s s  o f  u p  t o  1 0 %  a t  

the en d  o f .1 year in  p a tien ts  w ho  w ere  p re sc rib ed  a 30%  
fat diet. As m igh t be expected , because ihe d ru g  b locks 
pan c rea tic  lipase in  the in te s tin e , íecal íat loss is 
increased . M ajor side effects re la ted  to the  release of 
un d ig ested  trig lyceride  o c c u rre d  in  som e p a tien ts , 
u sua lly  w ith in  the firs t m o n th , and  w ere rep o rte d  
w ith  red u c ed  ữ e q u e n c y  o ver tim e, in d ica tin g  tha t 
pa tien ts  learned  to use the d ru g  effectively in  re la tio n  
to d ie ta rv  in tak e  of fat. T he effective use of th is  m edica- 
tio n  req u ires  th a t p h y sic ian s a n d  th e ir  staff m em bers 
p rov ide good  d ie ta ry  co u n se lin g  to patien ts.

T he co m b in a tio n  o f e p h e d rin e  an d  caffeine is a th ird  
co m p o u n d  for w h ich  a ra n d o m iz e d  clinical tria l has 
bcen p u b lish ed  by A sirup  ct al. O ver 6 m o n th s , the 
pa tien ts  trea ted  w ith  ep h e d rin e  a n d  caffeine lost rao re  
w eỉgh t than  d id  the  p la ce b o -tre a te d  g ro u p  o r the tw o 
g ro u p s trea ted  in d iv id u a lly  w ith  ep h e d rin e  o r caffeine. 
T h is resea rch  has  b een  u sed  ío r rnarke ting  o f herba l 
p re p a ra tio n s  tha t co n ta in  e p h e d ra  a ỉkalo id s w ith  or 
w ith o u t caffeine. Tw o c lin ical trials by  B oozer ct a i  
have sh o w n  s ign iíican tly  g rea te r  w eight loss w ith  an  
herb a l ep h ed ra /ca ífe in e  p re p a ra tio n  than  w ith  p lacebo.

T he ep idem ie  o f o besity , th e  d iscovery  of genes tha t 
p ro d u c e  obesitv , an d  a slim  a rm a m en ta riu m  for treat- 
m en t o f  obesity  have sp u rre d  m any  p h arm aceu tica l 
com pan ies to searcb  íor new  agents. T hese agen ts can  
be d iv ided  in to  iw o ca tegories: co m p o u n d s  th a t are in  
clin ical trials vvith suggestive d a ta  an d  new  m olecu les 
ju s t  e n te r in g  the  c lin ica l a ren a . In the fo rm er category  
are b u p ro p io n , le p tin , and to p ira m ate . B u p ro p io n  is 
ap p ro v ed  by th e  F ood  an d  D rug  A clm inistration  
(FDA) as an an tid ep ressan t. Tw o recen t s tu d ies  show  
that it procìuces w e ig h t loss. L ep tin  is the p ep tid e  pro- 
d u ced  p r im a n ly  in  ad ip o se  tissue. w h e n  deR cien t, it 
p ro d u ces  m assive obesity . L ep tin -deR cien t p a tien ts  
resp o n d  to le p tin  w ith  vveight loss, suggesting  ih a t lep tin  
m igh t be  clin ically  u se íu l if th e  p ro p e r  w ay of de livering  
it can  be found . T he th ird  m o leeu le , to p iram ate , is an  
an tico n v u lsan t a p p ro v e d  by th e  FDA for th is  pu rp o se . 
Several stuclies n o w  suggest th a t to p iram ate  p ro d u ces 
w eight loss in p a tie n ts  rece iv in g  it for th e ir  epilepsy. 
C lin ical trials w ith  th is c o m p o u n d  are cu rren tỉy  
u n d e r  way.

A n u m b e r  o f o th e r  m o le cu la r  ta rge ts  co u ld  serve 
as the basis fo r c lin ica lly  u se íu l d rugs. T hese m ole- 
cules can  be d iv id ed  in to  th o se  th a t have a p e rip h e ra l 
m echan ism  of ac tio n  an d  th o se  th a t ac t on the  brain . 
T herm ogen ic  [3-adrenergic rec ep to rs  are one ta rge t that 
have b een  investigatecl for m o re  th a n  15 years, b u t as yet



no c lin ically  use íu l m olecule has been  iden tified . Cho- 
lecy sto k in in  reduces food in take in an im als and 
hum ans. To date, no useful m olecu les tha t w ork 
th ro u g h  th is  recep to r have been  iden tiíìed . G lucagon- 
like p ep tid e  1 (GLP-1) is processed  from  the en terog lu- 
cagon m o lecu le  by gas tro in testinal (GI) cells. In ỉusion  
of G L P-1 in to  lean an d  obese h u m an  beings reduces food 
in take an d  m olecu le  agonists to th is rec ep to r  system  are 
u n d e r d eve lopm en t. G hre lin , p ro duced  p rim arily  in  the 
s tom ach , h as  been  recen tly  iden tiíied  an d  show n to 
increase food in take w hen  given periphera lly  o r  cen- 
tra lly . A n tagon ists  to th is recep to r system  offer po ten tia l 
for fu tu re  m olecu les w ith  w hich  to trea t obesity. Finally, 
the p en tap e p tid e  en tero sia tin , cleaved from  pro-coli- 
pase in th e  in testinal lum en , reduces foocl in iake and 
p rim arilv  fat in take. T his m olecu le or sim ilar m olecules 
m ight have in te restin g  po ten tia l for m o d u la tio n  of ciin- 
ical fat in take .

N eu ro p ep tid e  Y is one of the m osl p o te n t stim u la to rs  
of íood  in tak e  w hen it is in jected  in lo  ihe brain . Several 
ab s trac ts  suggest that th is  m ay be a useíu l target, w ith 
m o lecu les a im ed at e ith er the Y-l or the Y-2 receptor. 
Loss o f th e  m elan o co rtin -4  recep to r p ro d u ce s  massive 
obesity  in  m ice, suggesting  iha t m olecu les aim ed al this 
rec ep to r  co u lđ  be useíu l. The enđogenous signal for this 
system  is p robab ly  a -m elanocy te -s tim u la ting  h o rm one 
(ot-MSH), w hich  is p ro d u ced  írom  p ro o p iom elanoco r- 
tin. A n o th er endogenous m olecule, agou ti-re la ted  pep- 
tide (AG R P), inh ib its  the effect of a-M SH. M o d u la tio n o í 
the rec ep to rs  for AGRP or a-M SH w ould  be two poten- 
tial targets. The pep tides m en tioned  above are u n d er 
the co n tro l o f  circu la ting  lep tin  acting  on recep to rs in 
the a rcư ate  nu cleu s o f the hypo thalam us. C ocaine— 
am p h e tam in e -reg u la ted  tran sc rip t (CART) is a fourth  
m o lecu le  in  the b ra in  tha t m odulates, an d  reduces, food 
in take. A recep to r agonist tha t m im icked  CART m ight 
also be an a ttractive  target. At least two o th e r hypo tha- 
lam ic p ep tid e s  need  to be considered  in th is  d iscussion . 
T he first is m e lan o co rtin -co n cen tra tin g  ho rm o n e. Ani- 
m als overexp ressing  this pep tide  are heav ier than  Con
tro ls a n d  d isab ling  the p ro d u c tio n  o f th is  pep tide  
p ro d u ce s  leanness. O th er hypo tha lam ic  p ep tid es  are 
co rtico tro p in -re leasin g  ho rm o n e (CRH) an d  u ro co rú n , 
tw o v arian ts  that d ifferentially  b ind  to CRH R I and  CRH 
R2. CRH red u ces food in take and  m o d u la tin g  its activity 
w ould  b e  an o th e r  po ten tia l m echanism  to reduce 
food in take.

SURG ERY

Surgical in te rv cn tio n  w as in iiia ted  m ore than  40 years 
ago w ith  o pera tions th a t sh o rtened  the absorptive 
su ríace  available to GI co n ten ts  bv various bypass

opera tio n s. At p resen t, the p rin c ip a l o p era tio n s  are thie 
gastric  bypass, th e  vertical bandecl gastrop lasty , and thie 
gastric  band , w h ic h  allow s a constric tive  b an d  arounid  
the sto m ach  to b e  expanded  by in jec ting  saline in to  a 
su b c u tan e o u s  reservoir. W iih  the in tro d u c tio n  of la p -  
aroscop ic  su rgery  and  advancem ent in the skill of suir- 
geons u sing  th is su rgery  d u r in g  th e  1990s, the safety o f  
these p ro ced u res  im proved . A lthough  o rig inally  recorrn- 
m ended  for p eo p le  w ith  a body  m ass in d ex  above 40 kjg/ 
m 2, the s tu d ies  show ed  m ark ed  bene íits  to patien ts  haw- 
ing th is  surgery , w h ich  suggests thai the BM1 shou ld  b»e 
red u ced  to 35 k g /m 2 or even low er if ihere  are s ig n iíìcan l 
risks associated  w ith  the obesity .

BEN EFIT S O F IN T E N T IO N A L  
W E IG H T  LO SS

Because th e  w e ig h t loss after gastric  su rgery  is m o re  
su sta in ed  than  a íte r  o the r m c th o d s of w eigh t re d u c iio n , 
m uch  oí ihe data on  the benefits o f w eigh t loss are (leir- 
ived from  those patien ts. A lthough  the data are n o t 
en tire ly  clear, s tu d ies  inđ icate  th a t in ten tio n a l vveight 
loss > 2 0  pouncls has been  associa ted  wi.th an a p p ro x i-  
m ately  25% red u c tio n  ỉn obese an d  ovenveigh t patienrrs 
w ho have an obesity -re la ted  illness, especially  type 2 
d iabetes m ellitus. O ther b en e íìts  o f m odest su sta in ed  
w eight loss in c lu d e  im proved  ca rd iovascu la r íu n c lio n , 
b e ite r con tro l o f type 2 d iabe tes m elỉitu s, dyslip idein ia , 
and  h y p erten sio n . Im proved  resp ira to ry  fu n c tio n  
w ith  less o bstruc tive  sleep ap n ea  an d  im proved  rep ro - 
ductive  an d  u r in a ry  tract íu n c tio n  in  w om en re q u ire  
considerab ly  m o re  w eight loss.

A lthough  the re la tio n sh ip  be tw een  obesity  an d  íac- 
to rs th a t d ispose  to gas troesophageal re ílux  disease is 
no t clear, sign iíìcan t w eigh t loss a íte r gastric su rg er)7 
caused  reso lu tio n  of sym ptom s, even beforc signifieant 
w eigh t loss occu rred . G aỉlstones m ay increase in  inci- 
dence in obesity  and  rap id  w eigh t loss increases bile 
cho lestero l su p e rsa tu ra tio n , increasing  the risk  o f  new  
gallstones. N onalcoho lic  íatty  liver disease (NAFLD) is 
associa ted  w ith  the m etabo lic  sy n d ro m e (increased  
in su lin , hvp erten sio n , and  h y p erlip id em ia), p e rh a p s  
as an  earlier stage beíore obesity  o r  d iabetes m e llitu s  
develops. A g radua l w eight loss m ay im prove h ep a tic  
ch em is tríes  and  liver size, b u t rap id  w eigh t loss (e.g., 
after gastric  su rgery ) may ex acerb a te  NAFLD.

See A lso the Follow ing Articles
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Occult Gastrointestinal Bleeding
D o n  c. R o c k e y

D u k e  U n iY tr s ity  M cd ica l C c n te r

ca p su le  vvireìess e n d o sco p y  Ưsc o f a sm all cam era contain- 
ing a capsu le  that is ingested  to evaỉuate the gastro- 
intestinal tract. Typically used  to investigate b leed in g  
sources in the sm all intestine. 

h em atem esis V om iting  o f blood; ind icates an upper gastro- 
iatestinal site  o f  b leeding. 

h em atoch ezia  Bright red blood  per rectum ; m ay or may not 
be mixecl w ith  stọo l.

M eckel’s  d ivcrticu lu m  A 2- to 6-cm  o u tp ock etin g  o f the 
ileum  a long  the aniim esenteric borcler, usually  located  
50 to 180 cm  proxim al to the ileoceca l vaỉve. 

m elena Tarry, fou l-sm ellin g  black stools.

G astro in tcstinal b leed in g  is one of the m ost com m on pro- 
b lem s in m edicine. Bleeding írom  thc u p p er and lovver 
g as tro in tes tina l trac ts  i-s recognized as a m ajor source of 
d isease-related  m orb id ity  and, on occasion, m orta lity . 
O cciilt g as tro in tes tin a l b leed ing  is even m ore com m on 
than u p p e r and  low er g astro in testinaỉ bleeding. P atients

may p resen t w ith  b leed ing  tha t is tru ly  h idden  (occult); 
th is  form  o fb leed ing  is extrem ely  com m on and  can even bc 
considered  to be pervasive. P atients m ay in stcad  havc 
clinically obvious b leeding, b u t the blood is from a source 
in the gastro in tes tina l trac t tha t is diffìcult to iden tiỉy ; th is 
type o f occult b lecding has been term ed “obscure  gastro- 
in testinal b leed ing .” The clinical spectrum  of occu lt gas- 
tro in testina l b leed ing  is thereỉo re expansive and  may 
encom pass any o f a num her of clinical scenarios. Because 
patien ts  m ay p rese n t w ith  m assive obvious b leed ing  or 
may be en tire ly  unaw are that thev are b leeding, gastro in- 
testinal b leed ing  afflicts inpa tien ts as w ell as o u tp a tien ts .

IN T R O D U C T IO N

P ro toco ls for ev a lua tion  an d  m an ag em en t o f p a tien ts  
w ith  g as tro in tes tin a l b leed in g  have u n d e rg o n e  m any  
rec en t advances. N o n eth e less , the íu n d a m en ta l c lin ical



lip  lesions m ay be scen vvith P e u tz —Jeg h ers  sy n d ro m e, 
cu tạn e o u s  tum ors  suggesi n eu ro íib ro m a to s is , and  
p u rp u ra  are consisien t w ith  v ascu la r  d iseạse (H en- 
loch  -S c h ở n le in  synd rom e o r  p o ly a rtc rìtis  n o d o sa). 
A bdom ina l pain  (pcp tic  u lcer, p an c rea titis , isch em ia), 
ab d o m in a l m asses, ly m p h a d en o p a th y  (m alignancv ), 
an d  sp lenom egaly  (cừ rh o sis , sp le n ic  vein  th ro m b o sis ) 
a re  iiiip o rtan t 10 detect.

Initial Patient A ssessm ent

T he íỉrst step  in all ío rm s of g as tro in tes tin a l b leed ing  
is to  assess the u rgency  of b leed ing . T h ere ío re , hem o - 
dynam ics arc the in itial focal p o in t a n d  rem ain  the go ld  
S ta n d a r d  for assessm ent o f the overa ll c lin ical w ell b e in g  
of tho p a t ie n t . F ea tu res  o f thc h is to ry  a n d  physical exam - 
in a tio n  p rọv ide critica l clues n o t on ly  ab o u t the  cause of 
b leed ing , bu t also ab o u t the severity  o f  bl.eedi.ng, “Becl- 
s id ev too ls are critica l in  in itia l a ssessm en t o f the  p a tien t. 
V ital s igns are essen tial in  h e lp in g  10 gauge th e  severitv  
o f b leed ing . A dditionallv , íea tu res  o f  the h is to ry  an d  
physical exam  prov ide  critical in ío rm a tio n . F o r exam - 
ple, p a tien ts  w ith  brow n stoo l are un lik e lv  to have 
aggressive bleeding. P aù en ts  passing  n u m e ro u s  s too ls 
c o n ta in in g  ìnelena— even in  the  ab sen ce  of a positive 
n aso g astric  lavage— are likely to have aggressive 
o n g o in g  b leeding. P atien ts w ith  in íre q u e n t s to o ls  are 
un like ly  lo  be aciivelv b ìeeding. P a tie n ts  w ith  a h is to ry  
o í c:offee-grouncl em esis o r even h em atem esis , no rm al 
ap p e a rin g  stoo ls, an d  norm al v iia l s igns have h ad  a 
trivial hỉecd.

Laboratory Evaluation

T he lab o ra to ry  eva lua tion  m o st o ften  íocuses on  the 
h em ato c rit. H ow ever, it is im p o r ta n t lo recogn ize  tha t 
th e  h em ato c rit, p articu la rly  w h en  d e te rm in e d  so o n  afte r 
th e  onse t o f b lceding, may no t accu ra te ly  re ĩlect b lo o d  
loss. E q u ilib ra lio n  vvith ex trav ascu la r ĩlu id  an d  subse- 
q u en t h e m o d iỉu tio n  req u ire  several hours. In co n tra s t, 
p a tien ts  wh() b leed sm all a m o u n ts  o f b lo o d  over long  
p erio d s  o f ti me develop  i-ron deQ ciency, an d  d esp ite  the 
p resc n ce  o f a low  h cm ato c rit m ay  be en tire ly  hem ody- 
nam ica lly  stab le . T he m ean  c o rp u sc u la r  vo lum e (M CV) 
is o íte n  an  im p o rta n t clue in  these  p a tien ts ; adclitionally , 
the  íe rr itin  level is u sed  to es tab lish  a d iag n o sis  o f iron  
deíiciency . It is im p o rta n t to  em p h asize  th a t íe rr itin  
levéls o f even  50 1-ig/ml are co n s is te n t w ith  iro n  defì- 
c iency  anem ia.

T he b lo o d  urea n itro g en  (BUN) m ay be m ild ly  ele- 
vatecl in  p a tien ts  w ilh  u p p er GI b leed ing . T he e leva tion  
is typ icallv  o u t o f p ro p o rtio n  to e lev a tio n  in  se ru m  crea- 
tin in e , d u e  to  b reak đ o w n  of b lo o d  p ro te in s  to  u rea  bv

in te stin a l b ac ie ria  as w ell as Irom  a milcl red u c iio n  in 
g lo m eru la r R ltra tion  rale .

Clinical Localization o f B leeding

Ít is u se íu l to d e te rm ỉn e  the so u rce  o f b leed in g  so as 
to  d irec t in v estig a tio n ; th is  can  o ften  be acco m p lish ed  
vvith a care íu l h is to ry  an d  p h v sica l ex a m in a tio n . H em a- 
tem esis in d ica tes  an  u p p e r  g a s tro in te s tin a l so u rce  of 
b leed ing . M elena in d ic a les  tha t b.lood has been  in the 
g as tro in tes tin a l irac t fo r e x te n d c d  p e r io d s  o f tim e. 
M elena is u sua lly  the  re su lt o f u p p e r  g as tro in tes tin a l 
b lecd ing , b u t can be a re su lt o f d is ta l sm all bow el and  
even rig h t-s id ed  co lon ic  h leed ing . T he la ttc r  occu r- 
rence, w h ich  is re la tive ly  u n co m m o n , req u ires  the 
vo lum e of b leed ìn g  lo  b e  too  sm all to  cause  h em ato ch e- 
zia b u t su ffic ien t to  su p p ly  en o u g h  h em o g lo b in  for 
deg rad atio n . H em ato ch ez ia  typ ically  is a re su lt o f colo- 
n ic  b leed ing , a lth o u g h  an  u p p e r  g as tro in te s tin a l lesion  
m ay b leed  b risk ly  e n o u g h  to  cause h em ato ch ez ia . Som e- 
w h ere  a ro u n d  10% o f all p a tie n ts  w ith  rap id  b leed in g  
from  an  u p p e r so u rc e  will pass b rig h t red  b lo o d  p er 
rec tum . O th er c lues  to an  u p p e r  g as tro in te s tin a l so u rce  
of b leed ing  in c lu d e  hy p erac tiv e  bow el so u n d s  an d  an 
e leva tion  in  BUN o u t of p ro p o rtio n  to  c rea tin in e . T he 
use of nasogastric  lavage can  íu r th e r  h e lp  ỉocaỉize 
bleecling.

O C C U L T  B L E E D IN G  

O bscure Bleeding

A S t a n d a r d  d ia g n o stic  e v a lu a tio n  w ith  u p p e r  and  
low er en d o sco p y , tagged  red  b lo o d  cell (RBC) sc in ti- 
g raphy , an d  v isceral a n g io g ra p h y  is able to  id e n tiíy  the 
so u rce  oC bleeding in  the  m ạ ịo rity  o f  p a tien ts . H ow ever, 
in  ap p ro x im ate ly  5% o f p a tien ts , the  so u rc e  wíll rem ain  
ob scu re  a íte r  a d ia g n o stic  ev a lu a tio n . Even m ore pro- 
b le inatica lly , so m e of these  p a tie n ts  ex p e rien c e  recu r- 
ren t g as lro in tes tin a l b le ed in g  th a t can  n o t be easily 
asc rib ed  to a d efin ite  site. T hese  p a tien ts  rep re se n t a 
co n sid erab le  m a n ag e m en t cha llenge.

Differentiaỉ Diagnosis

T he d iffe ren tia ỉ d iag n o sis  in p a tien ts  w ith  o bscu re  
g as tro in tes tin a l b le ed in g  en c o m p a sses  all o f the lesions 
th a t can  b leed  in  the u p p e r  a n d  lo w er g as tro in tes tin a l 
tracts. T he m o st c o m m o n  causes o f o b scu re  gastro in - 
te stina l b leed in g  are h ig h lig h ted  in  T able II. T he m ost 
co m m o n  lesion  is v ascu la r  ectasia. T hese  lesions are 
o ften  ío u n d  in  th e  sm all in te s tin e , b u t can  be  iden tiB ed  
in any location .



TABLE II C a u ses  o f  O b scu re  G a stro in tes tin a l B le e d in g 1'

Vascular ectasiasb
Small bow el neop lastic  lesíon s
H em osuccus pancreaticus
H em obilia
A ortoenteric íistula
D ieu la ío y s ulcer (stom ach  m ore írequently than other sites)  
M eckePs d iverticulum
Hxtraesophageal vạrices (gastric, sm all b ow el, co lon ic)  
D iverticula (especia lly  sm all in testinal)

a From Rockey, D .c. (2002). Usecl vvìth permission from w . B. 
Saunders.

JSmall intestinal lesions are parũcularlv important.

Evaluation

T he ap p ro ach  to  eva lua tion  shoulcỉ p ro ceed  a lo n g  a 
S t a n d a r d  algo rithm  (Fig. 1). In itially , easilv “over- 
lo o k ed ” lesions shouicỉ be considered . Such lesions 
inc lude  D ieư lafoỵs lesions, gasiric  an d  d u o d en a l 
varices, d iverticu la , ao rto en teric  fistula, hem ob ilia , 
h em osuccus p an c rea ticu s , and , in  y o ung  p a tien ts , 
M eck e ĩs  d ive rticu lum . T hus, repeat endoscopy  d irec ted

at the  m o s l likely  site o f b le ed in g  is u sua ỉỉy  w arran ted . 
R eexam ina tion  of the  u p p e r  g as tro in te s tin a l trac t w ú h in  
reach  of a S tandard  gas tro scope  w ill id en tiíy  lesions in a 
su b stan tia l p ro p o rtio n  o f p a tien ts . Im p o rtan tly , h o w - 
ever, fami.lỉarity w ith  ra re  a n d /o r  sub tle  b le ed in g  lesions 
is req u íred . If a lesion c a n n o t b e  iden tified , fu rth e r eva- 
lu a tio n  d ep e n d s  on  the b r isk n ess  oí b leed in g . In  those  
w ith  active b leed ing , te ch n e tiu m -9 9  ra d io n u c lid e  scan- 
n ing  o r  ang io g rạp h y  sh o u ld  be p e ríb rm e d . T ech n e tiu m  
scann ing , a lth o u g h  sensitive  ( re p o rted ly , as Littlc as 
0.1 m l/m in u te  can be d e tec ted ) , is u se íu l o n ly  to  con íìrm  
the site  o f  b leed ing , and  ava ilab le  lite ra tu re  assessing  its 
im pact o n  m anagem en t h as  b ee n  d isap p o in tin g . M esen- 
teríc an g io g rap h y  is less sensitive  ( re q u ir in g  a b leed ing  
rate > 0 .5  m l/m in u te ) th a n  technetiuxn scan n in g  b u t 
rep o rted ly  m o re  o íte n  identiH es the si te o f  b lced ing , 
perh ap s d u e  to  se lec tion  b ia s  in  p u b lish ed  stud ies. In 
se lected  s itu a tio n s, o th e r  d iagnostic  tests  (co m p u ted  
tom ography , MeckeVs scan ) m ay be h e lp íu l. In those 
w ith  su b a cu te  b lced in g  in  w h o m  rep ea t en d o sco p ie s  arc 
negative , the  focus of in vestiga tion  sh o u ld  b e  b ro ad en ed
lo in c lu d e  the  sm all in te stin e . T he lesions m ost com - 
rnonly id e n tiĩied  as b le ed in g  sites in  the  srnall bow el

Obscure bleeding

ị
Active bleeding 

+ (aggressive) -

RBC
scintigraphy/angiography

Repeat endoscopy 
(upper endoscopy 

and/or coỉonoscopy)

Enteroscopy

/
tr e a t

Wireỉess capsule 
endoscopy, computed 
tomography and/or 
MeckePs scan and/or 
provocative angiography

treat

Consíder intraoperative enteroseop-y 
Consider repeating tests

FiGURE 1 Schém e for evaluation oí obscure gastrointesLinal b lced ing . RBC, Red b lood  c e lì. 
A dapted vv.ith perm issìon  from R ockey, D. c. (2 0 0 2 ). G astroin iesunaỉ bìeeding. In "Sleisengor & 
P o rd ư a n s G astroiniestinal and Liver D isease” (M. Feldm an ct aL, ecỉs,), 7 ih  Ed. w. B. Saunders, 
Philadelphia.



inc lude  tu m o rs and  v ascu ỉa r ectasias, w h ich  vary in 
[requency  đ ep en d in g  o n  age. ỉn  p a tien ts  less than  25 
years o f age, M eck e ls  d iv e rticu la  are th e  m ost com m on  
so u iv e  o f sm all bow el b leed ing ; in  th o se  betvveen 30 and  
50 years olcl, tum ors are the m ost co m m o n  abnor- 
m alities, an d  vascư lar ec tasias p red o m in a te  in the 
elderly .

O nce tho u p p e r  a n d  low er g as tro in tes tin a l trac ts  
ha  ve b ecn  exc ludcd  as a so u rce  o f b leed ing , thc focus 
of ev a lu a tio n  sh o u ld  sh iít to th e  sm all bow el. This 
can  bc accom plished  w ith  S t a n d a r d  sm all bow el 
fo llow -th roư gh , en teroclysis, p u sh  en te ro sco p y , sonde  
en te io sco p y . in tra o p era tiv e  en te ro sco p y , o r, m ost 
recen tly , vvireless capsụ le  endoscopy . W e p re íe r  cncìo- 
scop ic ev a lu a tio n  over rad io log ic  ev a lu a tio n  because of 
th e  ab ility  to iden tiíy  flat lc s ions such  as v ascu la r ectasia, 
w h ich  m ay he m issed hy b a riu m  stuđ ies. P ush  en tero - 
scopv  sh o u ld  p robab ly  be the first test; several recen i 
re p o r ts  suggest th a t p u sh  en te ro sco p y  is able to  iden tiíy  
a substan tia l n u m b er o f g as tro in te s tin a l le s ions in 
p a tien is  w iih  o b scu re  g as tro in tes tin a l b leed ing . Sonde 
entevoscopy  is lim iicd  bv the in a b ility  to b iopsy  lesions 
o r m ake th c ra p eu tic  in ie rv en tio n s . W ire less  capsu le  
endoscopy  is rap id lv  ga in in g  íavor. In itia l resu lts  w ith  
th is  tesi are en c o u rag in g  and  d em o n s tra ie  th a t it is cap- 
ab le  of id en tiíy ín g  les ions th a t co u ld  be co n s id ered  
a so iirce of b leed in g  in up  to 3 0 —40%  o f patien ts.

A n  a l l e r n a t i v e  a p p r o a c h  t o  t h e  d i a g n o s i s  o í  r e c u r -  

ren t. obscu re  b leed ing  is to reactiva te  o r au g m en t b leed- 
in g  \vitli the use o f vasod ila to rs , an tico a g u la n is . a n d /o r  
th ro m b o ly tirs  in assoc ia tion  w ith  tagged RBC sc in tig ra- 
ph y  or viscei al ang iog raphy . T h is a p p ro a ch  is a ttractive  
in  p rinc ip le , bui may bc d an g e ro u s  in p rac tice  an d  neeđs 
to bc s tu d ieđ  íu rth e r.

Treatment and Outcome

Speciíìc irea tm e n t fơr th e  o b scu re  b leed e r deperìds 
o n  the ab n o rm a lity  id en tiíìed . H n teroscopy , w h ich  o íten  
d ẹm o n strạ te s  p u ta tiv e  b leed in g  lesions, has n o t alw ays 
led to im provecl o u ico m es . E n te ro sc o p ic  c a u te riz a tio n  
o f vascu lar ectasias has b ee n  sh o w n  to  lcacl to  an 
im p ro v e m en t in h em o g lo b in  a n d  a re d u c tio n  in b lo o d  
tran s íu s io n  req u irem en ts , an d  can be effective in 
se lec ted  patien ts . A đd itiona lly , on ly  ab o u t 50% of 
p a tien ts  trea ted  at the tim e o f in tra o p era tiv e  en tero - 
scopv  vvill s to p  b leed ing , in d ic a tin g  th a t th is in ie rv en - 
tion  is not alw ays ideal. F inally , w ireless capsu le  
en doscopy  is an  a ttrac tiv e  d iag n o stic  a p p ro a c h  in 
p a tie n ts  vvith o b scu re  b leed ing . H ow ever, it a n d  o th e r  
d iagnostic  in te rv e n tio n s  in o b scu re  b leed in g  have ỵ e t to 
be shovvn lo im prove m ẹan in g fu l o u tcom es. It is im por- 
taiìt 10 em p h asize  tb a t care o f these  p a tien ts  re q u ire s  an 
ex p e rien ced  and  d ed ica ted  team .

Sm all bow el v ascu lar ectasias are the singlc m o si 
co m m o n  so u rce  o f b leed in g  in p a tien ts  w ith  o b scu re  
g as tro in tes tin a l b leed ing . In general, speciíìc en d o - 
scop ic an d  su rg ica l th e ra p y  is m o st successíu l in 
those w ith  largc focal v ascu lar ectasias. H ow ever, 
because  v ascu la r ec tasias are o ften  d iffuse, en d o sco p ic  
and  su rg ica l in te rv en tio n s  are o ften  lim ited . H o rm o n a l 
th e rap y  w ith  e s tro g e n /p ro g este ro n e  c o m p o u n d s  has 
been  ad v an ced  as a m ed ica l a lte rn a tiv e ; w hereas som e 
clin ic ians have rep o rted  positive  ex p erien ces w ith  su c h  
ph arm aco lo g ica l th e rap y , c o n tro lled  tria ls have failed  to 
show  an  advantage.

Fecal Occult Blood

O ccu lt g as tro in tes tin a l b lecd ing  is n o t clin ically  
a p p a ren t b u t ra th e r  is m an ifest by b iochem ica l ev idence 
of b lo o d  in  the stoo l o r by la b o ra to ry  ev idcnce o f iro n  
deẼ ciency. In these  sit.uat.ions, b lo o d  loss is o ften  
en tire ly  u n k n o w n  to the paiien t. W h en  iro n  d e íìc iency  
occưrs in  m en  o r p o s tm en o p au sa l w om en , it is u su a lly  
due to  occu lt g as tro in tes lin a l b lo o d  loss. O ccu lt b leed - 
ing can  o cc u r from  any  lo ca tio n  in  th e  g as tro in tcs tin a l 
tract.

Fecal o ccu lt b lo o d  is the m o st co m m o n  form  of 
occu li g as tro in tes tin a l b leed ing; w hen  fecal o cc u lt 
b lo o d  tests have b een  ap p lied  to large p o p u la tio n s , 
up  to  16% of th o se  te s ted  are positive. A lthough  iecal 
occu lt b lo o d  tests w ere  designecl to detec t co io n ic  
b leed ing , ihev detec t b lo o d  from  o th e r  lcsions in thc 
g as iro in tcs tin a l trac i. T he lik e lìh o o d  th a i ihesc lcsis  
w ill d e tec t b lo o d  resư ltin g  from  g as tro in tes tin a l b leed - 
ing  varies and  is d ep e n d e n t on  the m echan islíc  ĩea iu res  
of the lest as w ell as the an a to m ic  level oí b le ed in g  
(w h ich  in ílu en ces w h e th e r  hem o g lo b in  is deg rad ed ; 
Fig. 2). A íu r th e r  critica l issue, u n re la te d  to  ch a rac ie r-  
istics o f fecal o cc u lt b lo o d  tests  p e r  se, is the b io logy  o í 
b leed in g  g as tro in te s tin a l tra c t lesions, m any o f w h ich  
b leed  in  an  irre g u la r fashion. T h u s , m u ltip le  íac to rs  
co n trib u te  to th e  ab ility  o f fecal o cc u lt b lo o d  te s ts  to 
d e tec t b leed in g  lesions.

Types of Fecal Occult Blood Tests

T he p ro to ty p ica l íecal occu lt b lo o d  lests are guaiac  
basecl an d  lake advan tage o f the fact th a t h em o g lo b in  
posscsscs pseudoperox iclase  activ ity . G uaiac tests arc 
m ore sensitive  for d e tec tin g  b leed in g  from  the lo w er 
th an  from  the u p p e r  g as tro in te s tin a l trac t b ecau se  
h em o g lo b in  is clegraded in  the g as tro in tes tin a l trac t 
(Fig. 2). T he lik e lih o o d  th a t o ccư lt b lo o d  w ill bc 
d e tec ted  by a positive  guaiac test is generally  p ro p o r-  
tional to the q u a n tity  o f fecal hem e, w h ich  in tu rn  is 
re la ted  to the size and  location  oí the b ìeed in g  lesion .



Sites of Gastrointestinal Bleeding

r

Reỉative Likelihood of a Positive Fecaỉ 
Occult-Blood Test

U pper 
ga stro in testin a l tract

Porphyrins, partially 
đẽgraótìó heme, 
degraded globin

M iddle 
g a stro ìn testĩn a i tract

Porphyríns. partiaỉly 
deqrađed herne. partially 

degraded glõbirì

L o w er 
g a stro in testin a l tract

Intaci hí? me 
ạnd 

intact glohin Heme- Imniunochemicíiỉ 
porphyrin

F IG U R E  2  Intralum inal h em og loh in  m etaboìism  and íecal occu lt b lood  tests. In the upper gastro- 
in iesúnal tract, hem oglobỉn  is degraded hy gastric pepsin  and /or pancreaiic proteascs in the proxirnal 
sm aỉì in iestin e, resu lting in hem c ancỉ g lob in . Som e (generally  <  15%) intralum inạl hem e is rcab- 
sorbed in the sm ail in testine. A portion  o f hem e thai is not absorbed is converted  to porphyrins and 
iron via poorly understood  m echanism s; this portion  o f  hem e has bccn tcrm cd the “ìm estina l con- 
vertecỉ íraction” of hem e. T h is ĩraction is not d etected  by guaiac tests but is d etected  bv the 
herne—porphyrin assay (H em oQ uant), w h iclì m easures b oth  hem e and porphvrins, and is  thercíore  
a highly accurate indicator o f  b lecd ing , regardless oỉ level. G lobin in the upper gastroin icstinal tract is 
digested  by pepsin  and pancrcatic and intestinal p ro ieases and is thus noi dctccted  by ỉm m unochcm -  
ical fecal occu ll bỉood tests. U-SCCỈ vviih perm issỉon  from  R ockey ( 1.9e)9 ). Occultgastrointestinal blceding. 
N. Engl. J. Med. 341, 3 8 -4 6 .

T hus, guaiac-based tests are  best al d e tec tin g  large, m ore 
disial lesions. Fecal hcinog lob in  levels m u st exceed 
lO m g /g  (app rox im ate lv  10 ml dailv  b lood  loss) beỉo re  
m ost guaiac tests are  positive at least 50% of th e  ti me. It 
is im p ortan t to em p h asize  thát a n u m b er o f Olher fac- 
tors, m any of w h ich  are d ie tary  (Table III), in iluence  
guaiac te st results. A n o th er íac to r affecting  the reactiv ity  
o f guaiac-based  tests is fecal reh y d ra tio n , w h ich  
m arked ly  raises sensitiv ity  b u t sign iíìcan tly  red u ces spe- 
cificity. Ít is com m only  believed  th a t o ral iro n  causes 
false positive guaiac tcsts. C are m u st be takcn  n o t to 
con íu se  the  d a rk -g reen  o r b lack  appearance  o f iro n  in

stoo l w ith  the  typical bỉue co lo r o f a positive guaiac  
reac tion ; it has b een  conR rm cd th a i o rally  adm in iste red  
iron , even  in  large am o ư n ts , d oes no t cause falsc positive 
guaiac  reactions. B ism u th -co n ta in irig  a n ta c íd sa n d  an ti- 
d ia rrh ea ls  cause the  stoo l to  beeom c b la ck  and m av 
c o n ío u n d  read in g  o f  guaiac-based  tests, o r  may even 
cause co n íu s io n  w itlì m elena.

lm m u n o ch e m ic a l tests (u s in g  an tib o d ie s  d irec ted  
ag a in st h u m an  g lob in ) read ily  detec t co lon ic b lood  
an d  d o  no t d e tec t sm all q u an titie s  o f b lood  from  
u p p e r  g as tro in tes tin a l so u rces (Fig. 2). T hus, they are 
m ore speciBc th an  guaiac-based  tests. H ow ever, thev  are

TABLE 1ĨI Factors Affecting Fecal O ccult Blood Tests"

Variable Guaiac H einc—porphvrin lmmurìochenúcal

False positỉves
A nỉ mai he m ogl obi n + + + + +  +  +  + 0
D ieia íy  peroxiclases 0 0

False negatives
H cm oglobin  dcgradalion +  -f 0 f  +
Sioragc +  4- -ỉ- f - f  + |_4-
Viiamin c -f + 0 0

“ Adaptcd \viih permission í rom Rockcy ( ) .  Occnh gasiroinicstinal hlccdini’. \  Eni>l. Ị. ÂK'Ị Cíl. 3 4 1, 38 ..-k \ Rclaúvc comparison? arc sỈỊovvn
OM a scale o f 0 10 4 ' +  .. wíth 0 bcỉng ncgỊựivc and -r+ t-i-  highlv posiiivc.



lirn ited  bv techn ical p ro b lem s su ch  as loss oí hem oglo - 
b in  an tigen ic ity  at ro o m  te m p era tu re  an d  thc requ ire- 
m e n t  fo r  la b o ra to rv  P r o c e s s in g .  Finallv , th e  

h e m e —p o rp h v rin  te s t (H em o Q u an i, M ayo M edical 
L aborato ries, R o ch ester, M N) m e asu res  p o rp h v rin  
sp e c tro íln o ro m e tr ic a lly  an d  th e re ío re  allow s p rec ise  
d e te rm in a tio n  o f  to ta l s to o l h em o g lo b in . S ubstances 
th a t m av in te rfe re  vviih or cause  false positive guaiac 
tests (i.e., v eg e tab le  perox idases) d o  n o t affect th is  
test. Hovvevcr, th is  te s t de tec ts  m yog lo b in , an  im p o rta n t 
so u rce  of n o n h u m a n  h em e ío u n d  in  rccỉ m eats. T h is test 
is the m ost sen sitiv e  m e th o d  to d e tec t o ccu lt gastro - 
in testina l b leed ing .

Differential Díagnosis and
Approach to Evaỉuatỉon

ĩ :ecal occu lt b lo o d  tests  are w idelv  usecl to sc reen  the 
co lon  for can ce r, bu  t a lso  h e lp  to  in v ẹsú g a te  svm ptom s. 
V irtuaìly  an v  g a s tro in te s tin a l lesion  can  b leed  and  cause  
ạ positive fec:al o c c ư lt b lood  test re su lt (T able IV). O nce 
a p a iien t is d e te rm in e d  to  have fecal o e c u lt b lood , inves- 
tigation  is in ítia lly  fo cu sed  o n  the  co lon . H ow ever, the 
cho ice oi eo lo n ic  im a g in g  m o d a lity  (co lo n o sco p ic  01' 
rad io g rap h ic ) is c o n tro v e rs ia l, bo th  in  te rm s o f d iagnos- 
tic accuracy  and  in  te rm s o f cost. F lexible sigm oid- 
oscopv is nece& sarv for p a tie n ts  u n d erg o in g  
a ir-con trast b a riu m  enem a to íu lly  ev a lu a te  the rcc to - 
sigm ơid  colon. A ir-c o n tra s t b a riu m  en em a can  accu- 
rate ly  detec t c o l o n i c  m alignancy  an d  large adenom as; 
hỡW*?vcr, u n d c r  c e r ta in  c ircu m stan ces , il m ay also  be

inaccu ra te , C ò lonoscopy  is generạllv  considerecl to he 
m ore  accu ra te  b u t m av also m iss im p o rta n t lesions. 
C o m p u ted  tom o g rap h y  an d  co m p u te rized  ren d e rin g  
o f the  co lọn  (v irtua l co lonoscopy  o r co lo n o g rap h y ) 
m av even tua lly  p lav  a ro le in  co lon  ev a lu a tio n , bu t 
are cu rren tlv  n o t w idely  available. A t p re se n t, it is gen- 
era lly  believed th a t the  best cho ice for ev a lu a tio n  o f the 
co lon  in  p a tien ts  w ith  fecal occu lt b lo o d  is co lonoscopv .

P atien ts w ith  íecal o ccu lt b lood  b u t a n o rm a l co lon  
o ften  h a rb o r u p p e r  g as tro in tes tin a l patho lõgy . A n u m - 
b er o f s tud ies  have ad d ressed  th is  issuẹ an d  h av e  cm p h a- 
sized  th a t u p p e r  en d o sco p y  w ill de tec t ab n o rm a litie s  in 
a ro u n d  o n e -th ird  o f pa tien ts . T h is íìn d in g  is so m ew h at 
su rp ris in g  b ecause the  guaiac-based  tests u se d  in  these 
s tu d ies  have a re la tive ly  low  sensitiv ity  for d e tec tin g  
u p p e r g as tro in tes tin a l b lood . N o n eth e less , guaiac- 
basecl tests are c ỉearly  capable of d e tec iin g  even  sm all 
a m o u n ts  o fu p p e r  g as tro in tes tin a ỉ trac t b lood , a n d  m any 
of the  types of lesions iden tified  in  the u p p e r  g as tro in - 
testina l trac t in  these s tu d ies  b leed  en o u g h  to  p ro d u ce  
positive guạiac-based  tests. T he cost-e ffectiveness of 
u p p e r  g as tro in tes tin a l trac t investiga tion  in  p a tien ts  
w ith  fecal .occult b lo o d  and  norm al co íons is unknovvn.

W h e th e r  p a tie n ts  w ith  o ccu lt b lood  íouncl in  the 
stoo l after d ig ital rec ta l ex am in a tio n  sh o u ld  be evalu- 
ated  is co n tro v ers ia l; an o rec la l traum a a n d /o r  d ie ta ry  
íac to rs m ay leacỉ to  false positive tests. Hovvever, in b o th  
sy m p to m atic  a n d  asvm ptom atic  p a tien ts  vvith íecal 
occu lt b lo o d  d e tec tcd  by d ig ital rectal ex am in a tio n , 
the  n u m b e r o f new  lesions iden tiíied  bv g as tro im es tin a l

TABLE ĨV D ifferẹn tia l D iagnosis o f O ccult G astro in ỉestina l B leeding''

M ass lesions
C arcinom a Canv s ite  )ư 
Large ( > l . r)c m )  adevnó ma (any s i te) 

ln ílam m ation
Erosive csophagit isí’
U lcer (any siu ,)í’
Caiĩieron lesions'
Erosive gasư iiis 
C cliac sprue  
Ư lcerativc f olitis 
C ro h n s  disease 
C o li Lis (n orispec i íìc) 
ld iopath ic t-ccal ulce-'r 

MisceUaneous- 
Lo ng-cỉ isia r. cc ru n n i‘.ng 
Fi<ũiious

Vascular
V ascular ectasia (anv s ite ) i’
Portal hypertensive gastropathv/co  1 opa thy 
W aterm elon  stom ach  
H em angiom a  
D ieulafoy’s u ìccr d 

Iníectious 
H ookw orm  
W hipw orm  
Stronglvoid ìásis  
Ascariasis
Tube rcu lous en  te rocoli li s 
Araebiasis 

Surrcptitious 
H em optysis
O ropharvngeal (in c lu d in g  ep istax is) 
Pancreaticobiliary

Adapted vith pcrmiission from Rockev (1999). Occult gastrointcstinal hlecding. N. Engĩ. Ị. Mcả. 341 , 38—46. Potentiaì lesions leadỉng to fecal 
occult bỉoođ or  iron défuciency anemia are shovvn. Lesions thai may lead to recurrent obscurc bleeding are not listcd (see Table ỉ ) .  

h Mọst (. oinm on íibniormalities.
1 Lincar cr ->sions wiĩihin a hiatus bernia.
J Largc superíicial airterv undcrlying m ucosal dcícci.



eva lua tion  is substan tia l and  thercíore evaluation  is 
in d ica ted ; if sym ptóm s are  p resen t, íu rthe r eva lua tion  
sh o u ld  be d irec ted  accord ing ly . vvhether te sting  stool 
o b ta in ed  by d ig ital rec ta l exam ination  is a v iable cancer 
sc reen in g  o p tio n  is an  im p o rta n t question  and  w o u ld  be 
in ílu en ced  by variab les su ch  as im proved com pliancc 
versus in a d eq u a te  d ie ta ry  p repara tion .

O ccu lt g as tro in tes tin a l b leed ing  generally  sh o u ld  
no t be a ttr ib u te d  to  an tico ag u lan t o r asp irin  therapy. 
Indeed , fecal b lood  levels in  patien ts therapeu tica lly  
an tico ag u la ted  have b ee n  reported  to be n o rm al and  
Iow -dose asp irin  alone does no t result in sign iíican tlv  
elevated  fecal b lood  levels. F u rth e r, neither w arfa rin  nor 
low -dose asp irin  alone ap p ears  to cause positive g u a ia o  
based fecal occu lt bỉoocl tests. Thus, a positive fecal 
occu lt b lo o d  test sh o u ld  n o t be attribu ted  to  the  eỉĩect 
o f an ứ co a g u la tio n  o r asp irin  alone, bu t ra th e r sh o u ld  
lead to  S t a n d a r d  e v a l u a t i o n .

Treatm ent and Outcome

T re a tm en t o f p a tien ts  w ith  íccal occult b lood  varies 
and  d ep e n d s  on  the  ab n o rm alities  identilied. Likcwise, 
ou tco m es are  d irec tly  rela ted  to speeitìc Rndings. N on-

stero idal an lii n ílam m ato ry  d ru g s cause m u co sa l in ịu rv  
ancì sh o u ld  be d isc o n tin u e d  if possib le . P a iien ts w ith  
vascular ectasias are p ro b lem atic , a n d  if they b leed  
chronically  sh o u ld  be m anaged  ca re íu lly  (see earlier 
đ iscussion  o f obscure g as tro in tes tin a l b leed ing ). T he 
prognosis o f p a tien ts  w ith  p osiúvc  fecal o cc u lt b lood  
tests but no  iden tiíìab le g as tro in tes tin a l path o lo g y  is 
generaỉlv  íavorab le, b u t lo n g -te rm  o u tc o m e  da ta o n  
th is  sub ject are lacking.

Iron DeRciency Anemia

lro n  deíicịency  anem ia is the  m ost co m m o n  form  of 
aneraia  in ihe vvorld. In the  U nited  S tates, 5 —11% of 
ad u lt íem ales an d  ] —4% of ad u lt m alcs a re  iro n  d e íic ien t 
vvhereas app rox im ate ly  5 and  2% oí a d u lt w om en  and  
m en, rcspectively , have iro n  d e íìc ien cy  anem ia. 
A lihough iron deficiency anem ia in w o m en  of rep ro - 
d u c t i v e  a g e  i s  t y p i c a l l ỵ  a s s i g n e d  t o  n i e n s t r u a l -  a n c ỉ p r e g -  

nancy-associaled  iron  losses, in g ro u p s  o th e r than  
p r e m e n o p a u sa l w o m c n , ir o n  d e f ic ie n c y  a n em ia  is 
assum ed  tí) be d u e  to ch ro n ic  o ccu lt gas tro in tes tina l 
blecd ing , re su h in g  dep le tio n  o f the  iro n  pool and 
ultim ạtely  ancrn ia (Fig. 3).

N orm al Balance of Iron Iron Pool Iron Deficìency

-  D ietary iron D ietary iron
ííi l b  m g  e le m e n ta l .  r is sn es  . <5 15 m ạ  e l e m e n ta t .

1 5  m g  ( 3 0 0  ITìg * • 3Ọ0  l ĩ ig  ; 1  5  ỈIKI ho rn t?!t 1 5 MÌ(J hooiPt 
absorption ĩm:r«asfts 2- 3 Jin»es

Siorage

t
R «cJ c e l l s

Normál 
2500 mg

O b l 1g 3 t c f 0s.fi 1 rn g  o? i ro n  1 m l  o t  blCKĩd '  0  5

F IG U R E  3  G astroinieslinal bloocl loss and iron balancc. Nồrm al obli^ate dailv  iron lo ss  is from  ( ] )  
blood lo ss (presiim ably írom gastrointestinal m ucosal m icroerosìons or m icroulcerations) and (2) 
iron in slou gh ed  gut epithcliaỉ cclls. Total claily iron loss is ihus approxim atelv  1 mg. The usual 
W esiern  dict contains m osilv elcm cntal iron, o f vvhich about .10% is absorbcd. H em e-iron, derived  
prim arily from  niyoglobi.il in rneats. is prefercntial]y ahsorhod and a cco u m s for 6 0 —80% of the iron 
absorbed per cỉay. Unđer normal circum stances, iron hom costasis is tightlv rcgulatcd and dailv iron 
Ịọss is  precisely bálanced bv iron absorption. iron dcfìc:iency results on ly  w hen  the (lynam ic. but 
lim ited , absorptivc capaciiy o í the small im esiin r  is cxcccdcd  hv iron loss. The tim c reqiúred lo 
d c v e l ọ p  i r ọ n  d e í ìc ie n ư y  clcpcncỉs o n  th c  s iz e  o f  in i t ia l  i ro n  S to res ,  th c  r a t e  o í  b ỉe e d in g ,  a n d  in te s t in a l .  
im n  absorpũon . lroiì tìcíiciencv ẹcncrallv occurs onlv \vith incroascd lo ss  o id v e r  5 nil o í blooci dai ỉ V. 
lm p o m n tly , anem ia ib a laie m a n i le s L U io n  o f the íron-dcplcicd  S ta te . W iih  permission. from R ockev
(1 9 9 9 ). OccuU gasirointcsíiniil hlt-odiniỊ. N. EhịịI- I- Mcd. 341. 38- 4(1.



DiỊỊerential Diagnosis and 
Approach to Evaìuatỉon

T h e  cỉiagnosis ol iro n  deÊ ciency  a n d  iron  deficiency 
anem ia  is raost o ften  c o n íừ m e d  by a lovv se rum  ỉe rritin  
level o r a bone m arro w  ex a m in a ú o n . Effort sh o u ld  be 
m ade to verify the d iag n o sis  in  eq u iv o ca l cases, because 
a d iagnosis  o f iro n  cleíiciency an e m ia  leads to ex tensive 
a n d  o ften  cQstly eva lu a tio n . Iro n  deR ciency vvithout 
anem ia  is o íten  also asso c ia ted  w ith  signiR cant gastro- 
in te s tỉn a l trac t abno rm alities .

As w ith  all occ.ult g as iro in ie s tin a l b leed in g , v irlua lly  
any  g as tro in tes tin a l tra c t le s ion  can  b leed  in  an  occu lt 
ía sh io n  and  lead  to iro n  defic iency  an em ia  (Table IV). 
A lthough  the  co lon  is trad itio n a lly  v iew ed  as the sou rce  
of b le ed in g  in  m ost p a tie n ts  w iih  iro n  deíic iency  anem ia , 
a n u m b e r oi s tu d ies  ha ve now  d o cu m e n te d  p ro m in e n l 
ab n o rm a litie s  in  the u p p e r  g as lro in te s tin a l irac t in  
p a tien ts  w iih o u t co lo n ic  lesions. T h e  m ost com m on  
ab n o rm a litie s  have b ee n  erosive d isease  of th e  esopha- 
gus, s tom ach , and  d u o d e n u m  (i.e ., severe esophag itis, 
p resu m ab ly  re ílu x  m e d ia ted , g as tric , o r d u o d en a l 
u lc e r). C olơn  can cers  an d  Large ad en o m as are the 
mosL com  m o n  ly id en tified  lesions in  the co ỉon . Im p o r- 
tan tly , on ly  ab o u t 5% o f p a tie n ts  have h ad  s im u ltan eo u s  
patho logv  k len tiíìed  in b o th  u p p e r an d  low er gastro- 
in testin a l sites.

A large bocly of lile ra tu re  has he lp ed  change th e  w ay 
p a tie n ts  vvith iron  deR ciency anem ia are cu rren tly  m an- 
aged. T he em phasis is o n  the im p o rta n ce  o f ev a lu a tio n  of 
the  u p p e r  g as tro in tes tin a l tract. It is im p o rta n t to 
em phasize  th a t a lth o u g h  m ass le sions an d  large u lcera- 
tivé u p p e r  g as tro in tes tin a l ìesions can  lead  to s ign iÊ can t 
b lo o d  loss (up  to 2 0 m l/d a y ) , it is u n lik e lv  th a t triv ial 
le sions su c h  as m ild  inA am m ation  an d  sm all ad en o m as 
b leed  e n o u g h  to  lead  to  iro n  deíiciencv . T hus, care m ust 
b e  taken  vvhen a ttr ib u tin g  iro n  deíìciency  an em ỉa  to 
le s io n s n o t expected  to  caưse s ign iíìcan t b leed ing .

G astro in testin a l sy m p to m s in  p a tien ts  w ith  iro n  
deíic iency  anem ia typ ically  h e lp  focus g as tro in tes tin a l 
trac t eva lua tion . D irec ted  g as tro in tes tỉn a l trac t evalua- 
t io n  ís p rac tica l an d  d es irab le  as a cost- an d  risk -co n ta in -  
in g  stra tegy . A lth o u g h  m any p a tien ts  w ith  iron  
defic iency  anem ia are en lire ly  asy m p to m atic , those  
w ith  classic sym p to m s (change in  s tọo l ca liber, epigas- 
tr ic  p a in , o r h e a r tb u rn )  shoulcl u n d erg o  s ite -d irec ted  
investiga tion . T he in itia l inv estig a tio n  sh o u ld  be  d irec- 
ted  io w ard  the lo ca tio n  o f speciR c sy m p to m s, if p re se n t 
(Fig. 4 ). B ecause d u a l le s io n s are rare, id en tiíìca tio n  of 
an  ab n o rm a lity  clearly  c o n s is te n t w ith  b leed in g  (m ass 
le s ió n , large u lc e ra tio n , severe in ílam m aiio n ) m akes 
fu rth e r  ev a lua tion  unneccssary . In  ihe absence oí sym p- 
tom s, p a rticu la rly  in  e lderly  p a tien ts , eva lua tion  shoulcl

Iron Deticiency Anemia 
and/or Fecal Occult Blood

Symptoms

Site-specific investigation: 
EGD or Colonosòopy

(if íirst negative pursue other)

Colonoscopy, 
ỉf negative,

-  (and persistent symptoms)

Consider small bowel 
investigaíion

ị

Reevaluate dx of anemia, 
Consider reevaỉuation

(and remains

A ________
Trial iron therapy 
ìf iron deticient

asymptomatic)

Consider other diagnostic tests

ị
no response

(VVireless capsute 
endoscopy, computed 

tomography and/or 
Meckel's scan and/or 

angiogram)

F1GURE 4  Schem e for evaluation  o f  íecal occu lt bloocl and iron d e íìc ien cy  anem ia. EG D , Eso- 
phagogastroduoclenoscopy. From  R ockey, D. c. (2 0 0 2 ) . G ãstrointestỉnal b leed in g . bì “S leisẽn ger &  
Fordtran's G astrointestinal and Liver Disease" (M . F eldm an et a l., ed s.) , 7th  Ed. w. B. Sauncỉers, 
P hiladelph ia). Usecỉ vvith perm ission.



beg in  w ith  the co lon , b u t if th is is negative , eva lua tion  of 
the u p p e r g as tro in tes tin a l trac t is ind icated .

The degree of g as tro in tes tin a l ev a lua tion  in  p rem e- 
n o p au sa l w o m en  w ith  iro n  deíìciency  anem ia  is co n tro - 
versial. O n  one h an d , few iro n  deíìciency  anem ia 
p rem e n o p au sa l w o m en  u n d erg o  evalua tion . H ow ever, 
in  stud ies íocusing  on those  re íe rred  to g as tro en te ro l-  
ogists, it has been  re p o r te d  tha t u p  to 20% of p a tien ts  
w ill have s ig n i ik a n t g as tro in tes tin a l trac t ab n o rm alities , 
in c lu d in g  im p o rta n t lesions su ch  as co lon  cancer, celiac 
sp ru e , and  in ílam m ato ry  bow el disease. C learly , a m an- 
agem en t a lg o rith m  is req u ired  for these patien ts. A prac- 
tical ap p ro a ch  is as follows: for those  w ith  speciíìc 
g as tro in tes tin a l sy m p tọ m s, w eigh t loss, íecaỉ occu lt 
b lo ơ d , o r p e rh a p s  severe anem ia , ev a lu a tio n  is incli- 
ca ted . F or asym ptom atic  w o m en  o r ihose  w ith  ab n o r- 
m al m enses, w h e th e r  to p u rsu e  g as tro in tes tin a l trac t 
ev a lu a tio n  sh o u ld  be  ind iv idualized .

T he sm all bow el is an  im p o rta n t p o ie n tia l site o í 
b le ed in g  in  p a tien ts  w ith  negative co lon  an d  u p p e r  gas- 
tro in te s tin a l trac t exam ina tions. F or exam ple , celiac 
sp ru e , a classic sm all bow el d iso rd er, can  n o t on ly  
lead  to m a lab so rp tio n  of iro n , b u t m ay cause occu ll 
b leed in g  an d  sh o u ld  be co nsidered . T his is especially  
tru e  in  p a tien ts  o f N o rth e rn  E u ro p ean  descen t. Raclio- 
g rap h ic  ex am in a tio n  of the sm all bow el (en te roc ly sis  o r 
sm all bow el fo llo w -th ro u g h ) is o f lim ited  value an d  is 
generally  n o t recọ m m en d ed . O n the o th e r  h an d , p u sh  
e n te ro sco p y  has a g rea ter sensiliv ity  for m ucosaỉ 
ạb n o rm a litie s  an d  d e tec ts  ab n o rm a litie s  in  app ro x i- 
m ately  25%  of pa tien ts . Hovvever, it rem ains unknovvn 
w h e lh c r  pu sh  en te ro sco p y  leads to im p ro v ed  ou tcom es. 
L ikew ise, the use o f vvireless capsu le endoscopy  in  
p a tie n ts  w ith  iro n  deíic iency  anem ia rem a in s  u n se ttled .

N early  o n e-th ird  of p a tien ts  w ith  iron  deíicicncv  
an em ia  have n o  ideiỊtifiable g as tro in tes tin a l trac t 
a b n o rm a lity  by ro u tin e  en d o sco p ic  ex am in a tio n . In 
th ese  p a tien ts , ex p lan a tio n s for iron  defic iency  anem ia 
in c lu d e  n o n -g as tro in te sù n a l b lo o d  loss, m isd iagnosis of 
th e  type of anem ia , m issed  lesions, o.r n u tr itio n a l dcfi- 
c iencv . A dd itiona lly , these p a tien ts  m av have gastric  
ac h lo rh y d ria  and  a tro p h y , suggesting  th a t lack o f 
ac id  in  th is  su b g ro u p  cou ld  c o n trib u te  to iro n  
m a lab so rp tio n .

Treatment and Outcome

All p a tien ts  w ith  iro n  deR ciency anem ia  sh o u ld  be 
sta rted  on  iro n  therapy . O ral íe rro u s  su lía te  is the b es t 
o p tio n  because it is inexpensive  an d  eííective (the  
rec o m m en d e d  dose is 300  m g th ree  tim es dailv). In to l- 
c ra n ce  to íe rro u s  su lía te  is com m on ; in  these p a tien is , 
te rro u s  g lu co n ate  an d  íum ara te  are  accep tab le  a ltc rna- 
tives. P aren tera l iron  the rapv  is rese rved  only for

p a tien ts  w ith  severe m a lab so rp tio n  o r in to le ran c e  to 
all iro n  su p p le m e n ts . The p rognosis  for p a tien ts  w ith 
iro n  deR ciency an em ia  and  read ily  trea tab le  le s io n s (i.e., 
d u o d en a l u lcer, esophag itis , large ad e n o m a ) is excel- 
len t. L ikew ise, the  p ro g n o sis  for p a tien ts  vvho clo not 
have lesions ỉd e n titied  d u r in g  g as tro in tes tin a l evalua- 
tio n  is íavorab le; long -te rm  fo llow up  of p a tien ts  in  this 
g ro u p  suggests th a t s ign iíìcan t le s io n s do n o t su ríace  at a 
la te r date. In p a tie n ts  w ho do  n o t resp o n d  to iro n  ther- 
apy , the  d iagnosis  o f iron  defic iency  anem ia  sh o u ld  oe 
reev a lu a ted  a n d  rep ea t g as tro in tes tin a l eva lua tion  
sh o u ld  be co n tem p la ted . A ca re íu l re e x am in a tio n  of 
the g as tro in tes tin a l trac t for easily m issed lesions (in 
the  esophagus, for C am ero n  lesions w ith in  h ia tu s  her- 
nia; in the s to m ac h , for a tro p h ic  gastritis; in the small 
bow el, celiac sp ru e )  is in d ic a ied  w hen  e v a lu a tiig  
p e rs is ten t u n ex p la in e d  iro n  deR ciency anem ia.

C O N C L U S IO N S

Occull gastrointestinal bleeding is most oĩten maniíest 
as occult blood in the stool, typically by the use }f 
guaiac-based fecal occult blood tests. Occult gastroii- 
t e s t i n a l  b l e e d i n g  m a y  a l s o  b e  m a n i í e s t  a s  i r o n  d e f i c i e n : y  

anemia, which often results from chronic occult gastr)- 
intestinal bleeding. These íorms of occult gastrointeu- 
inal bleeding are common. In contrast to fecal occilt 
blood and iron deíiciency anemia, obscure gastrointCít- 
inal bleeding is uncommon but represents a considtr- 
abie diagnostic and therapeutic chalỉenge. Evaỉuaiion )! 
patients with fecal occult blood and iron deíicien-.y 
anemia often parallels similar algoriihms and in asym)- 
t o m a t i c  p a t i e n t s  s h o u ỉ d  u s u a l l y  b e g i n  w i t h  i i i v e s t i g a t k n  

of the colon. Colonoscopy is the preíerred method, bu 
í le x ib le  s ig m o id o s c o p y  p lu s  a ir -c o n tr a s t  b a r iu m  e n e n a  

may be acceptable. lf evaluation of the colon does n)t 
reveal a bleeding sitc, cvaluation of the upper gastr)- 
in te s tin a l trac t sh o u ld  be co n s id c red , and  in  p a tie n s  
w ith  iro n  deíic iency  anem ia , th is  is m an d a to ry . n 
p a tien ts  w ith  iro n  deíic iency  anem ia , the ro le  o f sniill 
bow el in v esũ g a tio n  is co n tro v e rs ia l an d  is p ro b ab ly  bcst 
rese rv ed  for those  w ith  p e rs is ten t g as tro in te s tin a l svm>- 
tom s o r th o se  vvho fail to  resp o n d  lo a p p ro p ria te  th e -  
apy. C eliac sp ru e  sh o u ld  be co n s id ered  as a p o ten tu l 
cause o f iro n  detìc iency  anem ia in c e rta in  ep id en iio h - 
gical g roups. T he tre a tm e n t and  p ro g n o sis  o f p a tien s  
w ith  o ccu lt b lo o d  in  the s too l ancl/or iro n  deíìcien-v 
an em ia  d cp e n d s  o n  the g as tro in tes tin a l trac t ab n o rm a- 
ities idenũR ed . T hose  w ith o u t id en tiíìab le  b lced in g  s íts  
generally  re sp o n d  to  conservative  m an ag em en t aid 
have a íavorab le p rognosis. F or p a tien ts  w ith  o b scu e  
g as tro in tes tin a l b leed ing , inv estig a tio n  is typicalv  
íocused  on the sm all bơvvel, typicallv  w ith  en te ro sco p  .



bu t p e rh a p s  also w ith  w ire less capsu lc  en d o sco p v . In 
thcse p a iien ts , vascư lar ec tasias are a m a jo r co n s id era - 
tion . T he p ro g n o sis  for ihese  p a tien ts  is  less c lea r, and  
o u tco m e s tu d ie s  are req u ired . T h is  g ro u p  rc q u ire s  a 
co m m itted  a n d  ex p e rien c ed  team  ap p ro a c h  to  d iag n o sis  
a n d  therapy.
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acid -neutraliz ing capacity A m ount o f acid (m Eq) neutralized  
by a unit dose (teaspooníul or tablet) oí an antacid. 

antacids Soluble and/or insoluble substances capable of 
buffering or neutralizing gastric (stomach) acid. 

antiílatulents D ru gs c ííe c t iv e  for the r e lie í  o f  p a in íu l b lo a tin g  
or sensaiions of pressure and íullness, commonly 
reĩerred to as gas in the digestive tract. 

constipation Commonly deíìned as relatecỉ to decreased 
b o w e l m o v e m e n t íreq u en cy , d ifficu lty  in  in itia tin g  
passage of feces, passage of firm or small-volume feces, 
or a íeeling of incomplete evacuation. 

diarrhea Symptom of several gastrointestinal disorders 
a f f e c t in g  w a te r  a n d  e le c t r o ly t e  tr a n s p o r t;  c h a r a c te r iz c d  

by alteration of the írequency and consistency of stools. 
dyspepsia Mild pain present in the upper abdomen. 
heartburn Speciíic symptotn of gastroesophageal reílux 

disease, typically manifested by a burning sensation in 
the u p p er  a b d o m en , b e h in d  the ch est, an d  as h ig h  as the  
throat.

histamine-2 (H2) receptor antagonists D ru g s ihat b lo c k  
a c t io n  o f  h is ia m in e  at a sp e c iíic  h ista m in e  (ty p e  2 )  
r e c e p to r  lo c a ie đ  in  th e  s to m a c h , w h ic h  resu lts  in  
e ííe c t iv e  in h ib it io n  o f  gastr ic  acid  secre tio n .

In cr e a s in g  n u m b e rs  o f  di*ugs are o b ta in a b le  w ith o u t  a pre- 
sc r ip t io n , i .e .,  over  th e  c o u n te r  (O T C ), for  se lf-trea tm en t  
o f  m ild  g a s tr o in te s t in a l sy m p to m s . T he c o n su m er  m u st be  
ab le  to  r e c o g n iz e  th e  sy m p to m s  o f  the c o n d it io n  that the  
p r o d u ct ca n  treat e a s ily , vvithout m e d ica l a s s is ta n c e .  
U n lik e  p r e sc r ip tio n -b a se d  d ru g s , the in g e s t io n  o f  w h ic h  
r eq u ire s  p h y s ic ia n s ’ su p e r v is io n  and  m a n a g em en t for 
trea tin g  th e  u n d e r ly in g  d is e a se  p r o c e s s , O T C  d ru g s are  
p r im a rily  u s e d  for  se lf-trea tm en t o f  w e ll-r ec o g n iz ed  sy m -  
p to m s  b y  c o n su m e r s . It is  in c re a s in g ly  im p o rta n t to  r ev iew  
th e  th e r a p e u t ic s o fg a s tr o in te s t in a l d r u g s sp e c iíìc a lly a v a il-  
a b le  for s e lf -u se  and  to rem ain  v ig ila n t a b o u t th c  safe  u se  o f  
d ru g s s o ld  o n  an O T C  b a s is  in  the U n ite d  S ta te s .

IN T R O D U C T IO N

T he availab ilitv  o í O TC  d ru g s lessens the econom ic 
b u rd e n  to  o u r  h ea lth  care svstem  and đ e a r ly  p rov ides 
m u ch  n ee d ed  conven ience to consum ers. H ow ever, 
desp ite  these  advantages, there are c lea r risks re la ted

to the use of O T C  drugs. F or exam ple , asp irin  an d  acet- 
a m in o p h en  are still associa ted  w ith  se rio u s  gas tro in tes t- 
ina l tox ic ity  desp ite  th e ir  availab ility  as O TC  d ru g s  for 
m any  years. In ad d itio n , ch ro n ic  use o f an tac id s  and 
O T C  gastric an tisec re to ry  d ru g s can  delay the d iagnosis  
o f gastric  cancer. T h ere ío re , it is  m ost essen tial th a t 
c o n su m ers  are m ade aw are of ihe in d ica tio n s  an d  ỉim- 
ita tio n s  oí O TC  d ru g s th ro u g h  im p ro v ed  ed u ca tio n  bỵ 
ihe  p h arm aceu tica l m a n u ía c tu re rs  and  easily u n der- 
s to o d  labels, affixed to the co n ta in e rs , vvhich shou ld  
ex p la in  the desired  uses, trea tm e n t d u ra tio n , dosage, 
an d  adverse effects o f these d rugs. C lear clrug labeling, 
as m an d a ted  by the Food  and  D rug  A dm in istra tion  
(FD A ), and p e rh a p s  p h arm acis t co u n se lin g  are m ost 
essen tia l for the safe use o ĩ O T C  drugs.

A G E N T S B U FFE R IN G  OR IN H IB IT IN G  
G A ST R IC  A C ID IT Y  

Antacids

A ntac ids are d ru g s capab le  o f b u fle rin g  stom ach  
acid . A n tac ids ra ise  the pH  of th e  s lom ach  co n ten .s  
tow ard  neu tra lily . A n an tac id  th a t raises the pH  írom
1.5 to  3.5 p ro d u ce s  a lỌ 0-fold red u c tio n  in  the concen- 
tra tio n  o f gastric  acid . F u rth e rm o re , the re d u c tio n  of 
a cid ity  is a ccom p an ied  by in h ib it io n  o f  p epsin  activitv, 
a n o th e r  im p o rta n t co m p o n en t o f the digestive juice. 
A cco rd ing  to  th e ir  ap p ro v ed  labeling , the  on ỉy  symp- 
tom s th a t can  be safely d iag n o sed  an d  se lf-trea ted  wiứi 
OTC antacids are those caused by excess stomach acid. 
T hese sym ptom s ha ve b een  d escrib ed  as b u rn in g  sensa- 
tio n s in  the u p p e r  ab d o m en , b e h in d  the  chesí, a n d  h ig i 
as the th roat. T he oííìcial F D A -approved  claim s for an  - 
ac id s  are for the re lief o f “h e a r tb u rn , so u r sto m ach , ac ij 
ind igestion , an d  u p se t s to m ach .” Based on  the m arv  
years thai O TC  an tac id s  have b een  used  for h e a r tb u ri , 
it is ap p a ren t th a t a co n su m er w h o  has h ea rtb u rn  ca i 
d e te rm in e  vvhen he o r  she has h e a r tb u rn , and in  m o:t 
cases can  p red ic t w hat íoods, s itu a tio n s, o r life stressts 
can  cause h ea rtb u rn .

G reat d isparitv  ex ists  in  the a c id -n eu tra liz in g  capí- 
city  (A N C ) o f v a rio u s an tac id s  (T ab le  I). T he n\QTt



TABLE 1 A cid-N eutralizing C apacity  of Selectcd Antacids*'

Product
Acid-neulralizing capacity in 

mEq acid/dosc

Standard dose to 
neutralize 

152 mEq acid/dose

Alka-Selt.zer (tablet) 10.6 tablẽts 15 tablets
Amphogel (liquid) 6.5 isp 25 tsp
Amphogel (tablct) 9 tablets 17 tablets
Maálox (liquid) 13.5 tsp 11 tsp
Maalox Therapeutic 28.5 tsp 5 tsp

Concentrate (liquid)
Mylanta (liquid) 12.5 tsp 12 tsp
Mylanta 11 (liquid) 25.5 tsp 6 tsp
Mỵlanta II (tabỉet) 23 tablets 7 tablets
Titralac (liquid) 19 tsp 8 tsp
Tums (tablet) 1.0 tablets 16 tablcts

a The aniounL oí acid (mEq) being neutralizcd bv a unit dose (teaspoonĩul or tablct) o f an 
antacid; tsp, teaspooníul.

Note: Data adapicd írom Zimmerman, 1983.

p o te n t an tac id s  (e .g ., M ylan ta  II) req u ire  a sm alle r dose , 
co m p ared  to a w ea k cr p ro d u c t (e .g ., A m phogel), and  
th is  is adv an tag eo u s for trea tin g  u lcers. H ow ever, u lcer 
tre a tm e n t is clearly  o u ts id e  ihc scope ọ f O T C  p ro d u c t 
labe ling  an d  sh o u ld  be tre a te d  on ly  b y  physic ians, no t by 
se lf-trea tm en t. T he dose  o f an tac id  th a i w ill relieve p a in  
in  a p a tie n t w ith  g as tric  u lc e r  m u st p rov ide  an  A N C of 
152 m Eq. A vveaker p ro d u c t, su ch  as A m phogel, w ou ld  
req u ire  25 leasp o o n íu ls  to  n eu ira liz e  gastric  acid , 
w h ereạs  a s tro n g e r p ro d u c t, su c h  as M ylan ta  II, req u ires  
o n lv  6 te asp o o n íu ls  (T ab le 1).

It sh o u ld  be n o te d  th a t liq u id  an tac id  p rep a ra tio n s  
generally  p rov ide faster b u ffe rin g  ac tio n  th an  d o  tab le t 
p rep a ra tio n s. Hovvever, from  a th e ra p eu tic  perspec tive , 
there  is a d isso c ia tio n  b e tw e en  the d u ra tio n  o f bu ffe ring  
capacity  o f  an tac id s , w h ich  is re la tive ly  sh o r t (30  m in- 
u tes), and  the d u ra tio n  o f the p a in  re lie f re q u ire d  for 
h ca r tb u rn  or p e p tic  u lc e r  (ap p ro x im a te ly  4 h o u rs). 
T hus, o n  the basis  o f  p a in  relief, an tac id s  ad m in is te red  
at a low  freq aen cv  o f  ab o u t th ree  tim es daily  w o u ld  n o t 
be th e rap eu tica lly  suíTicient for hea ling  gastric  o r duo- 
denal u lcers. Hovvever, th is  low  frequency  o f adm in is- 
tra tio n  does p ro v id e s  p a in  re lie f in  m ild  to m o d e ra te  
h ea rtb u rn .

The n e u tra liz a tio n  o f gas tric  c o n te n ts  by an tac id s  
p ro m o tes  an tra l g a s tr in  release , w h ich  p ro m o te s  gastric  
em p ty ing  and  h en c e  c o n tr ib u te s  to the sh o r t d u ra tio n  of 
th e ừ  b u ffe rin g ac tio n . D ue to  the g as trin -in d u c e d  gastric  
em p ty ing , the m o re  p o te n t an tac id s  have d u ra tio n s  of 
bu ffc rin g  action  essen tia lly  s im ila r to th o se  o f w eaker 
an tac ids. T h ere ĩo re . the in c re ase đ  po ten cy  o f an an tac id  
sh o u ld  n o t be a c r ite r iớ n  for a p a tie n t’s p ro d u c t se lec tio n  
for the se lf-trea tm e n t o f h e a r tb u rn .

Several p rin c ip a l in g red ien ts  are p re se n t in  an tac id s: 
b ica rb o n a te  (sod ium , po ta ssiu m , an d  ca lc iu m ), a lum i- 
n u m , m agnesium , p h o sp h a te , and  silicates. B ism u th  
subsa licy la te  (P ep to -B ism ol), w h ich  is m a rk e te d  for 
th e  trea tm e n t o f h e a r tb u rn , has m in im al an tac ỉd  ac tio n  
a n d  th e re lo re  is n o t pharm aco log ica lly  c lassiíìed  as an 
an tac id . All an tac id  p ro d u c ts  co n ta in  a t least onc ingre- 
d ien i; m ost co n ta in  at least tw o in g red ien ts . S od ium  
b ica rb o n a te  an d  ca lc ium  ca rb o n ate  are m ore p o te n t 
an tac id s , co m p ared  to  m agnesium  co m p o u n d s . M agne- 
s iu m  co m p o u n d s  are m ore p o te n i ih a n  a lu m in u m  com - 
p o u n d s . S odium  an d  p o ta ss iu m  b ica rb o n a te  are so lu b le  
an tac id s  th a t are read ily  ab so rb ed  in to  th e  b lo o d , and  
th u s  are  p a rticu la rly  risky  fo r p a tien ts  w ith  im p a ired  
k id n e y  íu n c tio n . C alc ium  co m p o u n d s  (ca lc iu m  carbo - 
n a te  a n d  ca lc iu m  p h o sp h a te )  a re  p o te n t an d  fast-acting  
an tac id s  th a t are read ily  abso rbed . Hovvever, th ese  d ru g s  
m ay fo rm  ca lc ium  k id n ey  stones. P aradox ically , cal- 
c ium  an tac id s  p ro m o te  an tra l g as trin  release to a g rea te r 
degrec  th a n  d o  n o n ca lc iu m  an lac id s , w h ich  in  tu rn  sti- 
m u la te  gastric  acid  p ro d u c tio n . T he a lu m in u m  com - 
p o u n d s  in d u c e  c o n s tip a tio n  an d  the m ag n esiu m  
co m p o ư n d s  in d u ce  d ia rrh ea , th u s  these tw o in g red ien ts  
are co m b in ed  to g e th er, a lth o u g h  the n e t effect o f th e  
c o m b in ed  p ro d u c t is laxation . T his is espec ia lly  n o te d  
w h en  th e  c o m b in ed  d ru g s  are  tak en  at in c reased  
dosages. T he silicate an tac id s  (e.g., m agnesium  trisili- 
ca te) in te r ĩe re  w ith  th e  ab so rp tio n  o f som e d ru g s  and  
th is  n eed s  to be co n s id ered  by p a tien ts  an d  h e a lth  care  
p ro v id ers . F or speciíìc  deta ils  ab o u t all available an tac id  
p ro d u c ts  an d  th e ir  ph arm aco lo g ica l ch a rac te ris tic s , the 
rea d ers  are en co u rag ed  to c o n su lt the P hỵsicians’ Desk 
ReỊérence fo r  Nonprescription Drugs.
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TABLE II P h a rin aco log ica l C h a ra c ter istic s  o f  S e le c te d  O TC  H ista m in e-2  R ecep tor  A n la g o n is ts

D m g Trade nam e D o ses H alf-lifc (h ou rs) Drug in teraction s

C im eíid ine Tagam et HB 200, others 200  m g up to tvvice daily 2.0 Yesu
R anitidine Zaniac 75. others 75 m g up to tw ice daily 2.1 N o
Pam otid ine Pepcicl AC 10 m g up  to twi.ee dai ly 2 .6 N o

11 The OTC đosage of cimetidinc has a small poiential for pharmacokinctic inicraction with theophyllinc. Prescription dosage of 
cim ctidine has shovvn pharmacokinetic inieractions with phenvtoin. ihcophvllinc, and warfarin.

H istam ine-2 Receptor Antagonists

H istam ine-2  (H 2) recep to r an tagon ists  w ere pre- 
v iously  m a rk e ted  as p resc rip tio n -b ased  p ro d u c ts  for 
the hea lin g  and  p rev en tio n  of gastric u lcers and  duode- 
nal u lcers , an d  íor the m anagem ent of gastrocsophageal 
re ílux  d iseasc (GERD) due  to th e ir  w ell-know n  gastric 
an tisec re to rv  actions. H ow ever, pa tien ts w ith GERD 
rep rese n t a sp ec tru m  rang ing  írom  m ild to severe dis- 
ease s ta tes  and  m any pa tien ts w ith  h ea rth u rn  svm piom s 
have been  accustom ed  to  the use of O TC  an tac id s and 
H2 rec ep to r  an tagon is ts. T here ío re , th rec  of the fo u r H2 
re c e p to r  an tag o n is ts  tha t w ere prev íousỉy  m a rk e ted  as 
p resc rip tio n -b ased  p ro d u c ts  w cre sw itched  lo O TC  use 
at red u ced  closes, w h ich  are one-ha ir C)f th e ir  p resc rip - 
tion  doses (Table II). The cu rren tly  available O TC  
drugs, c im elid ine , ran itid in e , and íam o tỉd ine , have 
essen tially  iw o sim ilar meclical claim s in  the ir labeling: 
(a) “for th e  relief o f h e a rtb u rn  associated  w ith  acid inđ i- 
gestion  an d  so u r s to m ach ’' and  (b) afor thc  p rev en tio n  of 
h e a r tb u rn  associa ted  w ith  acid  ind igestion  and so u r 
s to m ach  b ro u g h t 011 by ce ria in  foods o r beverages.” 
T he H 2 an tag o n is t n izaiiđ ine , w h ich  is cu rren tly  avail- 
able as a p re sc rip tio n -b ased  p ro d u ct, has n o t yet b ee n  
sw itch eđ  to  an  O TC  status.

T he írequency  of the ad m in is tra tio n  o f ail th ree  H2 
a n tag o n ỉs is  is o ne to tw o doses p e r  day and the d u ra lio n  
o f se lí-usc  sh o u ld  n o i cxceed 2 co n tin u o u s  w eeks, 
excep t u n d e r  the advice and  superv is ion  of a ph-ysician. 
All th ree  d ru g s ha ve sim ilar b io logical halí-lives of 
ab o u t 2 h o u rs  (Tablc II). Hovvever, as is the  case w ith  
p resc rip tio n -b ased  p ro d u c ts , ran itid in e  and  ĩam o tid in e , 
bu t n o t c im etid in e , are m ark e ted  at doses th a t exceed  
th c ir  m ed ian  effective gastric an tisecre to ry  doses 
(E D 50)- T h u s , vvhen ad m in iste red  at the  reco n im en d ed  
O TC  dosage o f tw ice dailv , il is expected  tha t ran itid in e  
and  fam otid ine  w ou ld  p rov ide a m uch  longer d u ra tio n  
of gastric  an tisecre to ry  ac tion  th an  w o u ld  c im ctid ine . 
H ow ever, desp ite  the d iííe rences in the m ag n itu d e  
o f th e ir  doses, all th ree  cirugs appear to have s im ilar 
degrce o f efficacv for the trea tm en t an d  p rev en tio n  of 
h ea rtb u rn .

l ln l ik e  an tac id s, vvhich provide im m edia te re lie f o í 
h e a rth u rn , ihe re  is som e delay  (1 5 —30 m in u tcs) in  the

o n se t o f pain  re lie í p ro v id ed  by H 2 an tagon is ts , because 
they are svstem ically  ac ting  d rugs and  requ ire  absorp- 
tion  in to  the b loodstream . H ow ever, o n e  H 2 an tagon ist 
com bines íam o tid ine  w itb  the an tac id s  ca lc ium  carbo- 
nate and  m agnesium  h y d rox ide  (P epcid  C om plete) to 
p rov ide b o th  im m ed ia te  and  p ro lo n g ed  gastric  anti- 
secreto rv  action .

T he to lerab ility  o f the th ree  d ru g s ap p ears  U) bc 
sim ilar. H ow ever, g iven the  fact thai cim eLidine is 
know n  to inh ib it various P 450 -m etabo liz ing  isoen- 
zym es, vvhich could  affect m etabo lism  of o th e r  d rugs 
and  ihereby  increase  th e ir  b lood  co n c en tra tio n , patien ts 
sh o u ld  co n su lt w ith  th e ir  physic ians if  they are takỉng 
theophy lline , w arfarin , and  p h en y to in  w itlì cim etid ine.

A N T IF L A T U L E N T  (A N T IG A S ) A G E N T S

An a n tiíla tu le n t is a d ru g  th a t expels gas írom  the  sto- 
m ach and  in testines. S im eth icone (co n ta in ed  in  P r o 

d u c ts  su ch  as M vlicon, P hazvm e, GAS-X, G as Aid, 
and  o th e rs) is the on ly  d ru g  ap p ro v ed  as an tiíla tu len t 
by ihe FDA. The d ru g  reduces the su ríac e  tension  of 
sm all gas b ubb les an d  is o ften  com bined  w ith  antacids. 
T he app roved  OTC in d ic a tio n  for the  p ro d u c t is ttfor the 
re lie í of p a in ĩu l b loa ting , and  the sen sa tio n  of p ressu ie 
and  ĩu llness, com m only  referred  to as gas in  the diges- 
tive trac t.” Such  gas is íreq u en tly  causecl by excesshe 
sw allow ing of a ir o r hy ea ting  ce rta in  foods. T he a n t-  
flatu len t p ro p e rty  is u se íu l in  co n d itio n s  in  w hich  the 
re te n tio n  of gas m ay be p rob lem atic , su ch  as a ir sw a- 
ỉovving, functional dvspepsia , p o s to p c raù v e  gasetu s 
d i s t e n s i o n ,  p e p t i c  u i c e r s ,  s p a s t i c  o r  i r r i t a b l e  c o l o n ,  CT 

d iverticu losis. T ablet o r liq u id  ío rm u la tio n s  of the  ÚYUị 

are uscd  in  dosages o f  80 to 125 m g, six  tim es daily  a íttr 
m eals and  a t bcd tim e, o r as d irec ted  bv a physician .

A N TID IA R R H EA L  A G E N T S

D iarrhea is w ell recogn ised  by o rd ín a ry  ind iv id u als  t) 
he a d iso rd e r  o f 'too rap id  evacua tion  o f too  fluid stoo ls ’ 
D iarrhea is a svm ptom  o f several g as tro in tc s tin à  
(GI) d iseases affecting  vvater and  elec tro ly te  tran sp o r. 
Several tvpes of d ru g s exist for the trea tm e n t o fd ia rrh e i.



In so m e situations, d ia rrh ca  isa n  ad ap tiv e  and  deícnsive 
p ro ce ss  th a t exped iies the rcm o v a l o f to x in s , bac ie ria , 
íu n g i, v iru ses , an d  p ro to zo a  írom  the GI iract. U n d er 
th esc  co n d itio n s , it is p ro b ab ly  best no i to  in te ríe rc  vvith 
th e ir  rem ova l using  an  a n tid ia rrh e a l d ru g , because  th is 
n righ t p ro lo n g  disease. M oreover, a n tid ia rrh ea l d rugs 
dc* Tiot affect the u n d e rlv in g  GI d iscase process, b u t 
ra ih e r  p ro v id e  co n tro l o f svm ptom s.

A ntipropulsive Drugs

L operam ide h y d ro ch lo rid e  (e.g., Im o d iu m  A-D) w as 
p rev io u sly  available on ly  as a p re sc rip tio n -b a se d  clrug; 
a f te r  a b o u t 10 years, it w as in tro d u c e d  ío r O T C  use. 
L o p cram id e  is the on ly  ava ilab le  O TC  an tid ia rrh ea l 
d ru g ; it w o rk s by in h ib itin g  in ie s tin a l p ro p u ls iv e  activ- 
itv  an d  bv affecting  w ate r an d  e lec tro lv te  tra n sp o rt bv 
th e  bow eì, p robab lv  se co n d a ry  to the  in h ib itio n  o f p ro- 
p u ls iv e  m otility . L operam ide  is an  o p ia te  re c e p to r  ago- 
n is t s im ila r  to m o rp h in e  an d  spec iíìca lly  b in d s  to 
re c e p to rs  in  the b ra in  an d  in  the  g u t (m y en te ric  p lexus). 
L o p cram id e  s tim u la tes  in te s tin a l c irc u la r  m uscle  con- 
trac tiìe  activ itv  to in d u c e  se g m en ta tio n  o r  m ix ing , bu t, 
u n lik e  m o rp h in e , it has red u ced  ab ilitỵ  to cro ss the 
b lo o d —b ra in  barrier.

L operam ide  is in d ic a ted  for the  sv m p to m atic  re lie í 
o f  acu te  nonspecific  d ia rrh e a  and  sh o u ld  not be used  if 
d ia rrh e a  is accom pan ied  by h igh  iever (g rea te r than  
101 p ), o r if b lood  is p re se n t in  ihe s io o l, suggesiing  
a n  in te c tio u s  etiology. T he dosage for a d u lts  is 4 m g (tw o 
cap le ts  o r foụr te a sp o o n íu ls)  afte r the íìrsi loose bow el 
m ovém en t. ỉf need cd , 2 m g can he u sed  a f ie r  each  addi- 
tio n a l loosc bow el m ovem en t. An ad u lt sh o u ld  not 
exceed  a to ta l o f 8 m g  in a 2 4 -h o u r  periocl u n le ss  d i r e o  
ted  by a phvsic ian . A low er dosage is re c o m m e n d e d  for 
ch ild ren . W a rn in g s  a p p e a r on the  package label and  
in s tru c i the User n o t lo take  the d ru g  ío r rnore th an
2 davs un less d irec ted  by a physic ian . F o llow ing  sys- 
tem ic  ab so rp tio n , lo p e ram id e  h as a lo n g  half-life of 
18 h o u rs , a n d  the rec o m m en d e d  dosage m u s t th e re ío re  
be ad h e red  to in  o rd e r  to avo id  p o te n tia l toxicity .

O v erd o se  of lo p e ra m id e  m ay resu lt in  co n s tip a tio n , 
C e n t r a l  n erv o u s  syslem  d ep ress io n , and  nausea . A slu rry  
o ía c tiv a te d  charcoal a d m in is te re d  p ro m p tly  after inges- 
tio n  m ay red u ce  the  a m o u n t o f the  d m g  th a t is abso rbed . 
In the even t o f overdosage, p a ticn ts  sh o u ld  be m oni- 
torecl for signs o f Central n e rv o u s  sy stem  (C N S) d ep res- 
sion  for at least 24 ho u rs . In  ad d itio n , c h ild re n  m ay bc 
m ore sen sitiv e  to the CNS effect o f  lo p e ram id e . If CNS 
d ep re ss io n  is o bse rved , the  o p ia te  a n tag o n is t n a lo x o n e  
sh o u ld  be usecl. If resp o n siv e  to n a lax o n e , v ita l signs 
n iu st be m o n ito re d  ca re íu llv  for the re c u rren c e  of

svm p io m s o f d ru g  overdose for ai least 24 h o u rs  afte r 
the ìast dose  o f  naloxone.

Bism uth Drugs

B ism uth  subsa licy la te  (Pcpto-B ism ol) is th e  on ly  
co llo ida l b ism u th  salt d ru g  ap p rovcd  for O T C  use  in 
m u ltip le  GI co n d itio n s , in c lu d in g  “cìiarrhea, h e a r tb u rn , 
in d ig estio n  w ith o u t co n s tip a tio n , nausea , an d  u p se t sto - 
m ach." The m ech an ism  of ac tion  o f b ism u lh  subsa licy - 
late in  these g ás trơ in tes tin a l d iso rd e rs  is no t co m p le te ly  
u n d e rs to o d . A lth o u g h  co llo ida l b ism u th  c o n ip o u n d s  
havc no s ign iíìcan t ac id -n cu tra liz in g  capac ity , th ey  in h i-  
b ii the ac tion  o f pepsin , increase  the secre tion  o f  n iucus, 
and  in te ra c t w ith  p ro te in  in  n ec ro tic  u lcer c ra te rs , p re- 
sum ab ly  ío rm in g  a b a rrie r to the d iffusion  of acid . Bis- 
m u th  co llo id s  have an  an libac te rỉa l ac tion , w h ich  is 
relevan t for the tre a tm e n t o f in íec tio u s  d ia rrh e a  an d  
p ep tic  u lce rs  (e.g., Helicobacter pyỉori). T he sa licy la te  
c o m p o n e n t o f b ism u th  subsa licy la te  m ay ex c rt in test- 
ina l an tiín ílam m ato rv  and  an tisec re to ry  ac tio n s . T hus, 
the c o m b in ed  an tib ac te ria l and  in te stin a l an tise c re to ry  
ac tio n  o f b ism u th  subsa licy la te  is rc levan t for th e  O T C  
tre a lm e n t of m ild  to m o d era te  d ia rrhea . Pep to-B ism ol 
C o n t r o l s  d ia rrh ea  w ith in  24 h o u rs , an d  also relieves 
associa tẽd  ab d o m in al cram ps.

P cpto-B ism ol is available in  tw o liqu id  su sp e n sio n  
ío rm s (262  and  525 m g per 15 m l) an d  in a tab le t dosage 
form  (102  rag  p er tab le t). T he reco m m en d ed  d o sag e  íor 
ad u lts  is 262 to 1050 mg, to  he repeated  every h o u r, if 
needecỉ, to a m ax im u m  o f four doscs in 2 4 -h o u r period . 
L ow cr dosages a re  p ro v id ed  for c h ild re n  o f v a rio u s  age 
g roups. Pepto-B ism ol sho u ld  no t be used in  p a tien ts  
w ho have a k n o w n  allergy to asp irin . C au tio n  is  also 
acivised w h en  ad m in is te rin g  to p a tien ts  tak in g  m edica- 
tions for an tico ag u la tio n , d iabetes, and  gom . A w arn in g  
s ta te m en l advises c a u lìo n  in  the a d m in is tra tio n  of the 
d ru g  to  ch ilđ ren , in c lu d in g  teenagers, d u r in g  o r a iie r 
recovery  ừ o m  ch ick en  pox o r flu. In  ad d itio n , the  m ed- 
ica tio n  m av cause  a tem p o rarv  and  h arm less  d a rk e n in g  
oỉ th e  lo n g u e  ancl/or stool.

Adsorbent Drugs

A d so rb en ts  have been  so nam ed  becạuse o f th e ir  
p o te n tia l to ad so rb  in te stỉn a l lu m in al tox ins an d  bac- 
te ria  associa ted  w ith  som e tvpes of in íe c tio u s  d ia rrh e a , 
and  th eo re tica llv  they sh o u ld  en h an ce  íecal e lim in a tio n  
o f the tox ins o r  bac ieria . A lthough  th is a d so rp tio n  p rin - 
cip le  has b ee n  d em o n stra te d  in in vi tro s tu d ie s , th e re  
have heen  no  m ean ing íu l co n iìrm ato ry  in vivo  s tud ies. 
P u r th e n n o re , a d so rb e n ts  are o f little  o r no v a lu e  for the 
tre a tm e n t o r p rev e n tio n  of acu te  in íe c tio u s  d ia rrh ea , 
c le a r ly , ad d itio n a l clin ical stuclies arc n ee d ed  to



su p p o rt thc u tility  o f  these  d ru g s  for the trea tm en t o f 
d ia rrhea . Sevcral types o f a d so rb e n t d rugs are com m er- 
ciallv available for O T C  use an d  include kao lin  
(e.g., K aopecta te , D onagel), a ttap u lg ite  (e.g., D iasorb , 
R heaban), an d  pec tin  (e.g ., K aopecta te , D onagel). The 
official claim  for these p ro d u c ts  is “for the relief of 
d ia rrh ca  an d  cram ps.”

Oral Rehydration Therapy

A lthough  heá lthv  ad u lts  vvith ep isodes of m ild to 
m o d era te  d ia rrh ea  do n o t n eed  ex tensive oral h y d ra tio n  
the rapy , th ey  are advised  to  eat easily  digested  food and 
to  d rin k  n o n ca rb o n a te d  beverages su c h  as fru it ju ices. 
F ru it ju ic es  con tain  casily  d igested  sugars and  w ater. Il is 
well es tab lished  that g lucose  p ro m o tes  the in testinal 
ab so rp tio n  ol w ater, so d iu m , ancỉ o th e r  clectro lv tes, 
th u s overcom ing  thc losses associa ted  w ith d iarrhea . 
In  p a tien ts  w itlì severe d ia rrh ea , how ever, and  espe- 
cially y o u n g ch ild ren , th e u s e  o ío ra l h y d ra tio n so lu tio n s  
co n ta in in g  gluco.se, e lec tro ly tes , an d  am ino  acids in 
p ro p o rtio n s  sim ilar lo the  W orld  H ealth  O rgan ization  
íb rm u la  is advised. Such so lu tio n s  a re  available O TC  for 
use in  in iầ n ts  and  ch ild ren  w h en  recom m endcd  by 
physic ians (e.g., Peclialyte).

LAXATIVES

Laxatives are d rugs o r fibers that relieve the sym piom s 
o f  co n stip a tio n . C o n s iip a tio n  is u n d e rs to o d  by lay ind i- 
v iduals to be related  to decreased  fecal írequency , diffi- 
cu lty  in in itia tin g  íecal passage, the passage of firm  o r 
sm all-vo lum e feces, o r  a íee ling  o f incom ple te  evacua- 
tion . A lth o u g h  there are several types o flaxa tives, m ost 
laxatives increase in testinal w ate r co n tcn t Via d istinct 
ph arm aco lo g ica l m ech an ism s (su m m arized  in  T able III). 
All laxatives have a gencral vvarning s ta tem en t tha t they 
sh o u ld  n o t be used if ab d o m in al p a in , nausea, o r vom it- 
in g  is p resen t.

TABLE 111 P h a rm a co lo g ica l C la s s iíic a t io n s  o f  M ajor 
D rugs U se d  for the T rea tm en t o f  C o n stip a tio n

P harm acologicaỉ class D rug exam p les

B ulk-íorm ing agẹnts H ydroph illic  colloicls. Pibers
O sm otic agents N onabsorhablc m agncsỉum  salts
E m olliem  agents Mincra! oil
N on sp ec iíic  súm ulants D ocusatc salts, an ihraqiiinonc Isenna,

or irriianis cascára, a lo e), d ỉphenylm cihane
(b isa co d y l). castor oil

Bulk-Producing Laxatives

B ulk-form ing  h y d ro p h ilic  c o llo id s  such  as psy llium  
h u sk  clerived from  th e  p lan tag o  seed (e.g., M etam ucil), 
m e thy lcellu lose  (e.g., C itru ce l), an d  ca lc ium  p o lycarbo- 
ph il (F ibercon) are m ost p o p u la r  w ith  consum ers. Psy- 
Uium is one of the o ld est b u lk  laxa tives, w ith  m ore th an  
70 years o f  clin ical ap p lica tio n . P sy llium  is available in  
various oral dosage form s, in c lu d in g  po w d er an d  
cookies. The b u lk in g  effect o f  the psy llium  h u sk  is 
clue b o th  to the w a te r-h o ld in g  cap ac ity  (gel fo rm ation) 
of the und igested  fibers an d  to an  increased  bac teria l 
m ass fo llow ing ex tensive co lo n ic  b ac te ria l íe rm en ta tio n  
(abou t 85% ) of the u n d ig ested  íỉbers. C olonic ĩerm enta- 
tion  of und igested  p sy llium  íìbe rs an d  o th e r n a tu ra l 
d ie tary  (ìbers leads to the ỉo rm a tio n  of sh o rt-ch a ìn  
íatty  ac ids, w hich are o sm o tica lly  active and add 
w ater to thc b u lk  of th e  stools. T h is  fe rm en ta tio n  resu lts 
in the ỉo rm a tio n  of in testina l gases, w h ich  som e indivi- 
duals m ay íind ob ịectionab le . H ow ever, w ith close 
ad ju stm en ts , m ost in d iv id u a ls  a re  able to to lerate 
ch ro n ic  trea tm en t w ith  p sy lliu m  an d  o th e r  n a tu ra l diet- 
ary íìbers. In co n tra st, the sy n th e tic  b u lk  laxatives 
m ethy lcellu lo se  and  calc ium  p o ly carb o p h il act to 
increasc co lon ic  w ater co n ten t p r im a rily  by gel form a- 
tion , because  thcy are poorly  ĩe rm en ta b lé  (15% ).

All b u lk  laxatives p ro d u ce  b o w el m ovem en ts  after 
12 to 72 ho u rs , and  are  w ell toleratecỉ w ith  goocỉ saĩety 
records. P u rth e rm o re , th e  a p p ro v e d  labeling  indìca- 
tions for M etam ucil (3 .4  g p sy lliu m /d o se ) and  CitruceL 
(2 g /dosc) are ra th e r b ro ad , and  in c lu d e  ihc trea lm en t cf 
occasional co n stip a tio n  and , w hen  recọ m m en d ed  by X 
physic ian , ch ron ic  co n s tip a tio n  an d  co n s tip a tio n  asso- 
ciated  w ith  irritab le  bow el sy n d ro m e , diverticulosLs 
h em o rrh o id s , convalescence, sen ility , an d  pregnancy. 
In  co n trast, the app roved  labeling  for ca lc ium  polycar- 
b o p h il (625 m g/dose) is m ore  lim ited  to “the relief ofcon- 
s tipa tion  an d  10  help  resto re  an d  m a in ta in  regu la rity .’

O sm otically Active Agents (Saline Laxatives)

T his g ro u p  co n ta in s  the  d ru g s  m agnesium  hyclro- 
x ide (e .g ., P h illips M ilk o íM ag n esia , o th e rs ) , m agnesiuin 
su lía te , m agnesium  c itra te  (e.g ., C iira te  of M agnesia), 
and  sod iu in  b ip h o sp h a te  (e.g ., F lee t Phospho-Sod?, 
F leet E nem a). T heir ca th a rtic  a c tio n  resu lts  from  o sm o  
tically m ed ia ted  w atcr re te n tio n  111 the bow el. Thí 
increased in testinal v o lum e s tim u la te s  in testinal peri- 
stalsis an d  p rom otes defecation . T he m agnesium -con- 
ta in ing  ca th a rũ c s  s tim u la te  release o f thc  in testina  
h o rm o n e ch o lecy sto k in in , w h ich  p ro m o te s  in tcstina  
secretion  an d  inc reased  in te stin a l n io tility . The Iisưa 
adult cỉose o f m agnesiưm  h y d ro x id e  is 800  t( 
1600 m g a t bed tim e, w h ich  p ro d u ce s  a bow el m ovem en



vvithin ố hours. P h o sp h ate  sa lts a re  b e tte r ab so rb ed  than  
are  n iagnesium  sa lts  and  th e re ío re  req u ire  h ig h e r dosage 
to e ííec t ca tharsis. Saline c a th a rtic s  sh o u ld  n o t be used  
fo r  m ore th a n  1 w eek un less  d irec ted  by a physic ian . 
B oth  m agnesium - and  p h o sp h a te -co n ta in in g  p rep ara - 
tiơ n s are reasonab ly  vvell to le ra ted , b u t they  need  to 
be used  w ith  c a u tio n  in p a tie n ts  w ith  rena l in su ííìc ien cy  
o r card iac  disease.

E m ollient Laxatives

M inera l oil is the  on ly  d ru g  availab le  as an indiges- 
tib le  em o llien t. W h e n  u se d  ío r 2 to 3 days, m in era l oil 
(e .g ., F lee t M ineral O il E nem a, 118n.il/dose; o r as an  
o ra l liqu id ) can so íten  very d ry  stools. H ow ever, its  poo r 
ta ste  and  possib le oil leakage fro m  the an u s  p rec lu d es  its 
re g u la r  use. F u rth e rm o re , the c h ro n ie  use o f m incral oil 
co u ld  resu lt in ío re ign  body  reac tio n s  an d  in te ríe ren c e  
w ith  the ab so rp tio n  of fa t-so lub le  substances, su ch  as 
so m e v itam ins.

N on sp eciíìc  Stim ulants (Irritant Laxatives)

S tỉm u lan t laxạtives in d u c e  bow el m o v e m en t by vir- 
tu e  of the ir ab ility  to a lte r in te s tin a l m u co sa l perm eab il- 
itv  an d  s tim u la te  in testin a l w ate r an d  e lec lro ly te  
sec re tio n  in  the bow el. T h is  p h arm aco lo g ica l class o f 
d ru g s  c o n s titu te s  ío u r d is tin c t su bg roups:

J . S uríactan ts: A nionic su r ía c ta n is  co n ta in in g  the 
d o cu sa te  sa lts  d ioc ty l soclium  su lfo su cc in a te  o r d iocty l 
ca lc ium  su lío su cc in a te  (e.g ., S u ríak  L iqui-G els, C olace, 
D o x in a te) a re  m ild  s tim u la n t laxatives. T hese surfac- 
ta n ts  w ere in itia lly  believed  to  a c t by  lo w erin g  the  su r- 
íace tensìon  o f s too l to  allow  m ix in g  o f aq u e o u s  an d  ía tty  
su b stan ces in  the  sto o l, th e rcb y  p e rm ittin g  easier defe- 
ca tion . H ow ever, n io re  re c e n t ev idence  in d ic a tes  tha t 
these  d rugs ac t in  a m a n n e r  s im ila r to th a t o f o th e r  
s tim u la n t đ ru g s  in th is  class, b y  s tim u la tin g  in testinal 
w a te r an d  e iec tro ly te  secre tion . H ow ever, desp ite  the ir 
w id esp read  use , thesẹ  su r ía c ta n ts  have m arg in a l, ií any, 
efficacy in  m o s t cases of co n s tip a tio n .

2. D ip h en y lm eth an e  derivatives: B isacodyl (e.g., 
D u lco lax , 10-m g tab lets o r  5 -m g  rec ta l su p p o sito rie s)  
is the on ly  c u rre n tly  availab le d ru g  in th is  class, an d  
w h en  taken  o rally  once  daily  it p ro d u ce s  a bovveỉ m ove- 
m e n t in  a b o u t 6 h o u rs . A su p p o s ito ry  form , how ever, 
can  p ro d u c e  a bow el m o v e m en t w ith in  3 0  to  60  m in- 
u tes. B isacodyì is a p ro d ru g  an d  req u ires  in vivo h y d ro - 
lysis for ils ac tiva tion . To av o id  ac tiv a tio n  o f th e  d ru g  in 
the s to m ac h  an d  co n seq u e n tia l gastric  irr ita tio n , 
en te ric -c o a te d  tab le ts  sh o u ld  be sw allow ed  w h o le  w ith - 
o u t chevving. T he laxative effects luay be ac co m p an ie d  
w ith  c ram p s and  excessive tlu id  loss. T he d ru g  sh o u ld

n o t  b e  u s e d  f o r  m o r e  t h a n  1 0  d a v s .  u n l e s s  a d v i s e d  b y  a  

p h y s i c i a n .

3. A n th raq u in o n e  laxatives: T h ese  are p lan t-d eriv ed  
d ru g s th a i have b ee n  u sed  as laxatives sin.ce an c íen t 
tim es. T h is  g ro u p  in c lu d es  sen n a  (e.g ., S enoko t, N a tu re  
Rem edy, E x-Lax), cascara  sag rada, a n d  aloe. All o f these 
d r u g s  a c t  b y  i n d u c i n g  a  l o w - g r a d e  i n í l a m m a t o r y  S t a t e  in  

the  sm all and  large bow el; th is  in ílam m atio n  in d u ces the 
se c re tio n  o f w ater an d  e lec tro ly tes  a n d  th is  is accom - 
p an ied  by g ian t m ig ra tin g  co lo n ic  co n tra c tio n s . The 
clrugs are po o rly  ab so rb ed  in  the sm a ll in te s tin e  an d  
requ ire  m etabo lic  ac tiv a tio n  by  co lo n ic  b ac te ria  to 
fo rm  m o n o a n th ro n e  deriva tives . T he u su a l dose  of sen- 
n oso ides, derived  fro m  se n n a , is 8 .6  to 15 m g, w h ich  
p ro d u ce s  a bovvel m o v e m en t in  6 to  12 ho u rs . The 
ch ro n ic  use  of ihese d ru g s  m ay resu lts  in  laxative d ep en - 
d en ce  an d  a “ca th a rtic  c o lo n ” m a n iíe s te d  by d ila ta tio n  of 
the co lon , a re la tive  ab sen ce  o í m y e n te ric  p le x u s  neu- 
ro n s, a tro p h y  o f thc m u sc u la ris  p ro p ria , and  the  inab il- 
ity  to evacuate w ith o u t th e ir  use . T h is c o n d itio n  is 
observed  typically  in  w o m en  fo llow ing  c h ro n ic  use  oí 
these drugs. G iven th is  co lon ic  path o lo g y , an th ra q u i-  
n one  laxatives c a n n o t be re c o m m e n d e d  for c h ro n ic  use. 
In fact, the ơ líicial la b e lin g  for th is  pharm aco log ica l 
class m an d a ie s  tha t th ese  p ro d u c ts  sh o u ld  no t be 
usecl for m ore th an  1 w eek , u n le ss  d irec ied  by a 
physic ian .

4. C asto r oil: C asto r o il (N co ìo id , Purge) is d erived  
from  the casto r bean  p la n i an d  c o n ta in s  two n o x io u s  
in g red ien ts , an  ex trem ely  tox ic  p ro te in , ric in , a n d  an  oil 
co m p o sed  oí the  tr ig ly cerid es  oi r ic in o le ic  acid. In the 
u p p e r  in te stin e , ihe tr ig ly cerid es  a re  h y d ro lyzed  by the 
p an crea tic  lipase enzym e to  lib e ra te  r ic in o le ic  acid , 
w h ich  ac ts  in  the  sm a ll in te s tin e  to  s tim u la te  íluid 
and  e lec tro ly te  se c re tio n  a n d  ih e reb y  reduce in testina l 
tran s it tim e. C a tharsis  is p ro d u c e d  w ith in  1 to 3 h o u rs . 
H ow ever, d u e  to  its u n p le a sa n t ta ste  an d  the p o ten tia l 
for tox ic ity  tow ard  the in te s tin a l e p ith e liu m  an d  m yen- 
teric n eu ro n s , s im ila r to  th e  se n n a , castor o il is now  
se ld o m  used.

A N T IE M E T IC  D R U G S

D im en h v d rin a te  (D ram am in e , 50 m g /dose) an d  rnecli- 
z ine  h v d ro ch lo rid e  (B onine, 25 m g /dose) are  cen tra lly  
ac tin g  h is tam in e-1  ( H l )  re c e p to r  an tag o n is ts  tha t are 
e íĩec tive for the “p rev e n tio n  a n d  tre a tm e n t o f nausea , 
v om iting , or d izz iness asso c ia ted  w ith  m o tio n  sickness." 
A lth o u g h  the ir m e ch a n ism  o f ac tio n  is n o t vvell u n d e r-  
s to o d , it is believed  th a t th ese  d ru g s  act by  b lo ck in g  
m u sc a rin ic  rec ep to rs  in  the  b ra in  ra th e r  th a n  by  the 
b lo ck ad e  of Central h is ta m in e  rec ep to rs . T hese  d ru g s



p o s s e s s  C e n tr a l  n e r v o u s  d e p r e s s a n i  a c t i v i t y  a n d  c o n s u -  

m ers sh o u ld  be vvarnecl not to lake these d rugs vvhcn 
d riv ing  m o to r veh ic les or o pera ting  m achinery , o r w hcn  
tak ing  sedatives, tran q u ilize rs , or alcohol.

E m etro l, a p h o sp h o ry la ted  carbohvdra te  so ìu tio n , is 
an oral p re p a ra tio n  fo rm u la ted  for the “re lie í of nausea 
associa ted  w ith  u p se t stom ach ." Each 5-m l of so lu tion  
co n ta in s  1 .8 7 g o f g lucose, 1.87 g oí íruciose, and
21.5 m g  o f  p h o sp h o ric  acid. The m echanism  of the ben- 
eíìcial ac tio n  is n o t fully  understood , a lthough  the offi- 
cial labeling  sta tes th a t th is p roduct “has a local aclion
011 the  h y perac tive  GI trac t.” T he p ro d u ct sh o u ld  n o t be 
d ilu ted . T he ad u lt dosage is 15 LO 30 ml to be taken  every 
15 m in u tes  u n til d is tre ss  subsides. Hovvcvcr, no t rnore 
than fivc cìoses should  be taken per hour vvithout Con
su lting  a physic ian .

O f in te res t is the observa tion  thai b ism uth  subsali- 
cylate (P ep to -B ism ol) is also ind icated  for the trea tm en t 
of llu p se t s to m ac h  an d  nausea."

G A ST R O IN T E ST IN A L  DIETARY  
SU PPL E M E N T S

D ietary  su p p le m e n ts , w h ich  are available on an  O TC 
basis, are íreq u en tly  u se d  for Gỉ d isorders. U nlike drugs, 
ĩor w h ich  the re  are req u ire raen ts  adđressing  the p ro o í of 
saíety, efficacy, a n d  good m an u lac tu rin g  p ractices 
(GM Ps) t o  a s s u r e  q u a l i t y  a n d  S t a n d a r d  i z a t i o n ,  c l ie ta r y  

su p p le m c n is  do  n o th a v e  ihese legal recịuirem ents. D iei- 
ary su p p le m e n ts  are the re ío re  marketecỉ on  the basis of 
the 1994 D ietary S upp lem en t H ealth  and  E ducational 
Act (DSHEA) p assed  by  the U nited  States C ongrcss. T he 
DSHEA req u ires  th a t the label State iha t the p ro d u c i 
“m ust n o t be in te n đ e d  to diagnose, treat, cure , o r pre- 
vent any  d isease .” P u rth e rm o re , d ie tarv  su p p lem en ts  do 
not n eed  p rem a rk e t approval or revievv by the PDA, as is 
ihe case for d rugs, and  hence the ir use by consum ers is 
n o t basecỉ o n  so lid  'sciẽntiRc evidcnce. Hovvever, a p re- 
m arket safety n o tiíìca tio n  by ihe m an u íac iu re rs  is 
requ ired  íor new  ing red ien ts . The spo n so r can onỉy 
claim  the  ro le  o f the  n u tr ie n t o r the d ie tary  ing red ien t 
“in te n d ed  10 affect s tru c tu re  an d  íunc tion  in h u m an s.,,

Several đ igestive p ro d u c ts  and p rob io tics are avail- 
able O TC ; hovvever, ihe.se p ro d u cis  have not b een  
eva lua lcd  for the ir c lin icalefficacy  in con tro lled , double- 
b lin d  s tud ies. D igestive p ro d u cts  are sưbstances tha t 
p ro m o te  the p ro cess  o f cìigesiion in co n d itio n s charac- 
terized  by lạck  o f one o r  mo re of ihe speciíic substanees 
tha t cỉigest food. Tw o digestive (lactase enzym e and  
ot-galactosidase) andoneprobiotic(L íít'í()l>ưti/ỉus rciiteri) 
p ro d u c ts  are com m ercia lly  avaiỉablc.

Lactase Enzym es

Lactaid and  o th e r  s im ilar p rep a ra tio n s rep resen t a 
íam ilv of p ro d u c ts  tha t co n ta in  a lactase enzym e derive d 
ỉrom  Aspergillus oryzcie. Lactase aids in  the d igestion  o f  
lactose p rcsen t in  dạiry  p ro d u c ts  and  co n v e rts  it to thie 
sim ple sugars, g lucose and  galactose. M any ad u lts , pair- 
ticularlv  those from  speciíic e thn ic  g ro u p s, su ch  a s  
A írican-A m ericans o r A sian-A m ericans, have low  levels 
of in testinal laciase. lf lactose is n o t íu lly  d igested , it c a n  
be íe rm en ted  by co lon ic bacteria  to induce  gas, b lo a tin g , 
cram ps, and  d ia rrh ea . In  such  patien ts, ing estio n  o f  
lactase m ay be desirab le . C aplets o r chevvable tab ỉe ts  
of Lactaid m ust be taken w ith  the first b ite  of d a iry  
food and the closage needs to be ad ju sted  d e p e n d in g  
on the desired  response . The labeling  in s tru c ts  th e  
user to seek m edicaì a tlen tio n  shou ld  h e /sh e  experien.ee 
any un u su a l sym ptom s, or sym ptom s seem ing ly  u n rc -  
la ted  to the co n d itio n  for w h ich  the p ro d u c t was taken . 
As a cìictarv su p p lem en t, lactase enzym e is also addecí to 
m ilk to y ield fin ished  p ro d u cts  for use by ind iv iduals  
w ho have lactose in to lerance.

a-G alactosidase

The p ro d u c t Beano con ta in s  the enzym e cx-galacto- 
sidase, w h ich  is derivecl from  Aspergiỉỉus niger an d  aids 
in the cỉigestion of the sugarsraffinose , stachyose , an d /o r 
verbascose. T hese sugars arc p resen t in alm ost all 
l e g u m e s  ( e . g . ,  b e a n s ,  p e a s ,  c h i c k p e a s ,  l e n t i l s ,  O a ts )  

and  alỉ o r m ost ol í he c ruc iỉe rous vegctables (e.g., cab- 
bage, b roccoli). A dverse reac tions iisted  on  the label of 
Beano in c lu d e  cram ping  and  d ia rrh ea  as w ell as allergic- 
type reactions.

Lactobaciỉlus reuteri

The p ro d u c t P rob ỉo iica is a digestive p ro d u c t con- 
ta in ing  the b ac te ria  Lactobacillus reuteri. T he p ro d u c t 
label indicat.es th a t this d ie tary  su p p le m e n i provides 
wfriendly  bac te ria” to the digestive system . H ow ever, 
the rc  is no speciíìc in ío rm a tio n  on  the label to indicate 
how  this p ro d u c t p rov ides im proved  d igestive health . 
In fact, the m echan ism s of ac tion  ol p ro b io tic  bacteria 
in  a variety  oí in testin a l d iso rders, w hile  sup p o rted  
bv anecdo tal clin ical repo rts , rem ain  the  subịect cf 
investigation .

SUM M ARY A N D  C O N C L U S IO N S

The avaỉlability  of drugs on an o v er-th e-co u n te r basii 
p rov ides p a tien ts  w ith  im proved  access lo effective 
therap ies. Hovvever, op tim al therapv w ilh  O TC drugs



req u ire s  ihai co n su m ers co rrcc tlv  d iag n o se  the under- 
ly ing  co n d itio n  and  saĩelv use  a đ es irab le  drug.

The O TC  g as tro in tes tin a l clrugs co m p rise  six broacl 
th c ra p eu iic  categorics co n sis tin g  o í an tac id s  and  gastric 
an tisecre to ry  agents, a n tiíla tu le n ts , an tid ia rrh ea ls , laxa- 
tives. an tiem etics , a n d  d ie ta ry  su p p le m e n ts . A n tac ids 
a n d  h is tam ine  (H 2) re c e p to r  an tag o n is ts  are effective 
for the  re so lu tio n  of m ild  sy m p to m s o f occasional hcart- 
b u rn . H ow ever, H2 an lag o n is ts  have a lo n g e r d u ra tio n  
of ac tio n  th an  do an tac id s  w h en  used  for the  self- 
tre a tm e n t o f h ea rtb u rn . T he p ro d u c t b ism u th  subsaìi- 
cy late , w h ich  is n o t an  an tac id , is also in d ica ted  for the 
tre a tm e n t o f h e a rtb u rn . S im eth icone is the only 
a p p ro v e d  a n liíỉa tu le n t d ru g  uscd  for the re lie f of pain íu l 
b loa iing , com m only  re íe rre d  to as gas, in  the d igestive 
tract. T he an tid ia rrh ea l d ru g s  lo p e ra m id e  and  b ism u th  
subsali.cylate are effective ío r the re so lu tio n  of d ia rrh ea l 
sym ptom s. H ow ever, acỉsorbent an tid ia rrh e a l d ru g s are 
o f no value íor the trea tm e n t an d  p rev e n tio n  of acu te 
in ĩe c tio u s  d ia rrh ea . L axatives o f various pharm aco log i- 
cal c lasse sa re  effective for the  irea tm e n t o f constipa tion . 
T he b u lk  laxatives have the m o st physio log ic  ac lion  on 
the  co lon , w hereas s tim u la n t laxatives ha ve po ien tia l for 
in d u c in g  in testina l tox ic ity  an d  th e ir  use  sh o u ld  be 
re s tr ic ted  to sh o rt tim e p erio d s. T he h is tam in e  (H I)  
re c e p to r  an tagon is ls  d im e n h y d rin a te  a n d  m eclizine 
arc effective an tiem etics  ío r the p rev e n tio n  and  treai- 
m en t o f nausea and  v o m itin g  assoc ia ted  w ith  m otion  
sickness. S ince 1994, d iverse  d ie ta ry  su p p le m e n ts  have 
bccom e availab le an d  co n sis t of e ith e r  d igestivc enzym es 
(e.g., lactase, oc-galactosidase) o r p ro b io tics .

C learlv , as d ru g  p a te n ts  ex p ire  for p resc rip tio n - 
basecl d rugs, m any such  d ru g s  w ill like ly  be  sw itch ed  
to an  O T C  s ta tu s , th u s  b en e S tin g  c o n su m ers  and  redu - 
cing  the b u rd e n  of h ea lth  care costs. H ow cver, it is 
essen tiaỉ tha t co n tin u o u s  v ig ilance is m a in ta in ed  to ver- 
ify that c o n su m ers  are sa íely  u s in g  O TC  d ru g s  and  diet- 
ary su p p lem en ts .
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Pancreas, Anatomỵ
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am pulla of Vater A common channel receiving the contents 
o f the m ain pancreatic d u ct and the com m on bile cluct, 

com m on b i l e  d u c t  V e s s e l  th a t  r e c e iv e s  th e  d r a in a g e  o f  ih e  

cystic duct o f the gallb ladder and com m on hepatic duct 
of the liver; it drains in to  the am pulla o f Vater. 

duct of Santorini A small accessory pancreatic duct located 
cephaỉad lo  the m ain pancrcatic duct. 

du ct o f  W irsung The mai.n pancreaiic dụct. 
pancreatic is le t—acinar portal system  An arterial supply 

netw ork that connects the islet ce lls  w ith  the exocrine  
cells.

sp h in cter  o f  O ddi Sm ooth  m uscle  su rrounding the major 
dưodenal papilla, w here the am pulla o f Vater releases its 
contents into the d escen d in g  portion  o f the duodenum . 

uncinate process That p o r t io n  o f  the p a n c r e a s  that l i e s  

belvveen the d e sc e n d in g  aorla  p o stc r io r ly  an d  the  
superior m esenteric artery anteriorly.

T he pancreas is a m ixed endocrinc  and  exocrine g land that 
crosses the m id line  aL the iranspyloric plane (L I), exienđ- 
ing  betw een vcrteb ra l level T 10 on the leít and L2 on 
th e  right In hum ans, the pancreas w eighs approxim atcly  
8 5 ± 1 5 g  in  the adu lt íem ale, 9 0 ± 1 6 g  in  the adu lt 
m ale, and approx im ate ly  5 g in  the new born . Located 
ju s t  p o ste rio r to the stom ach , the pancreas is m ainly a 
retroperiton íìal o rgan and  no t read ily  palpated . Im aging 
techniques can dem o n stra tc  pancreatic  anatom y and pa- 
thology. C om pu ted  tom ography (C T ) and u ltra so u n d  de- 
tec t inconsistencies in  the pancreatic  tex tu re  o r m asses 
(as observed w ith  in ílam m ation  o r tu m o rs) and deíine its 
relationships. to  neighboring  s tru c tu res . CT, m agnetic 
resonance im agìng, and in travenous dyes th a t can be 
v isualized  by X-ray are u sed  to deíine b ỉood  flow and 
vascu lar ab norm alities. Endoscopic re trog rade cholangio- 
pancreatography  is a com bined  endoscopic and  X-ray 
techn ique in  w h ich  dye is in jected  in to  the pancreatic  
an đ /o r bile ducts.

A N A T O M IC A L  R E L A T IO N SH IP S

In  c ro ss  sec tion , th e  p a n c re a s  form s an  a n te r io r  convex  
c u r v e ,  w i t h  t h c  C e n tr a l  p o r tio n  o f th e  p an c reas  located  
o n  thc m id line  ridge ío rm e d  by th e  u p p e r  lu m b a r  ver- 
teb rae  (Fig. 1). A b d o m in a l trau m a can  lead  to írac tu re

FIG U R E  1 CT scan. Thisaxial view revcals rclationships ol the 
pancreas (P) to neighboring maịor structures: liver (righi lobe, RL, 
and leíi lobe, LL), siom ach (St), kidneys (K), vertebraỉ body of 
lumbar vertebra (V), portal coniluence (*), and inĩerior vena cava 
(arrow). The body o f the pancreas crosses the midline and the tail 
of the pancreas lies in close proximity to the spleen (not seen) on 
the left. The distal part of the body and the tail of ihe pancreas are 
anterior 10 ihe left kidney. The body of ihe pancreas is anterior to 
the iníerior vena cava and the vertebral body. Note that the pan- 
creas is posterior to the stomach and leít lobe oí the liver. The 
portal conAuence, visible in the head of the pancreas, is in close  
approximation to the right lobe of the liver.

o f the p an c rea tic  d u c t a t tw o sites: vvhere the p an c reas 
crosses the lu m b a r vertcb rae  (the  m ost com m on  site) 
an d  in th e  pan c rea tic  tail, w here  it is a ttach ed  to  the 
sp len ic  h ilu m  by the sp le n o re n a l ligam ent.

T he p an c reas  is re la ted  to  the d u o d e n u m  (Fig. 2). 
T he h ea d  and  u n c in a te  p rocess of the p an creas rest 
aga inst the d u o d en a l b u lb  and  d escen d in g  d u o d e n u m . 
R arely, u lcers m ay p e n e tra te  the d u o d en a l wall and  
cause  p an c rea titis . P ancrea tic  tu m o rs , in ílam m atio n , 
o r  Ebrosis m ay cause o b stru c tio n  o f the d u o d e n u m . 
T he  a n te rio r  su ríaces  of the p an creas  and d u o d e n u m  
are covered  w ith  p c rito n eu m , vvith the ex cep tio n  of



FIG U R E 2 In siíu vievv oí the pancreas. The body of ihe pan- 
creas (P) crosses the midline of the abdomen anterior to the su- 
perior mesenteric vein (*) and artery. The head of the pancreas is 
in the bulb of the duodenum (D) and its tail is on the left, in the 
splenorenal liganient thai extends between the spleen (S) and the 
kidney (K). The íníerior vena cava (IVC) is the most posterior 
structurc.

the  area  a t the  m id lin e  w h ere  the transverse m esoderm  
orig ina tes.

S tru c tu re s  an te r io r  to the p an creas  inc lude  the stom - 
ach, o m e n ta l bu rsa , an d  transverse co lon . T he om en tal 
b u rsa  (lesser p e rito n ea l sac) lies betw een  the peritoneal 
coverings o f the s tom aeh  (an te rio r)  an d  the p an creas 
(p o ste rio r) . T he transverse  co lon  crosses a n te rio r  to  the 
d esce n d in g  d u o d e n u m  and  the head of the pancrcas. 
T he tran sv e rse  m esoco lon  is fo rm ed by the  p erito n ea ỉ 
reflec tions off the p o ste rio r abd o m in al w all an d  an te r io r  
su ríaces  of the  d u o d e n u m  and  pancreas. P ancreatic  in- 
O am m ation  m ay ex ten d  in to  the  co lon  and  re su lt in  
o b s tru c tio n  o r  bleecling. G as in the overly ing  co lo n  or 
sm all in te s tin e  m ay obscu re  v isua lization  o f the pan- 
creas by  u ltra so n o g rap h y .

M any structu res lie posterio r lo the pancreas (Fig. 2). 
T he tail an d  distal part o f the bo d y  of the p an creas are 
a n te r io r  an d  to  the  righ t oi the  left k idney , w ith  the  tail 
en cased  in  the  sp len o ren a l ligam ent. T he sp len ic vein 
passes th ro u g h , o r is ad jacen t to, the pancreas. C h ro n ic  
p an c rea tic  in ílam m atio n  can lead to sp len ic  vein  th ro m - 
bosis, c a u s in g  eng o rg em en t o f the sp len ic  vessels that 
co n n e c t to  th e  s tom ach  th ro u g h  the left gastric  vessels. 
Ẹ n la rg e m en t of veins co n n ec ted  to the  left gastric vein 
can  resu lt in  gastric varices, w h ich  are p ro n e  to  spon- 
ta n eo u s  ru p tu re  and  liíc -th rea ten in g  b lced ing . T he su- 
pe rio r  an d  in ĩe r io r  m esen teric  vessels pass ad ịacen t lo 
thc p ancrcas . ĩf  thev are involved  in p ancrea tic  cancer, 
re se c tio n  oF the tu rao r is p rec lu d ed . T he portal vein 
o rig in a tes  at the ju n c tio n  of the  sp len ic  vein  and  the

su p e rio r  m esen teric  veins. In som e cases, it o rig ina tes 
at a ịu n c tio n  co m p o sed  of th ree  veins: the sp ỉe n ic  vein, 
the  su p e rio r  m esen te ric  vein, and  the in íe r io r  m esen- 
te ric  vein. In e ith e r  case, the porta l vein d ra in s  directlv  
in to  the liver. T h e  co m m o n  b ile  d u c t passes th ro u g h  the 
head  of the p an creas an d  u su a lly jo in s  the m a in  pancre- 
atic d u c t to form  a c o m m o n  channel th a t em pties 
in to  the d u o d en u m . T u m o rs , in ílam m ation , o r  Rbrosis 
vvithin the h ead  of the  p an creas can  o b s tru c t the 
in trap an crea tic  p o r tio n  o f the com rnon  bile d u c t. This 
can cause ja u n d ic e  an d  seco n d ary  b iliary  cirrhos.s. 
Since the p an creas does n o t have a capsu le , an d  the:e 
is no  p e rito n e u m  b etw een  the dorsal p art o f the  p an c re is  
an d  s tru c tu re s  p o s te rio r  to  it, tu m o r cells can  sp read  0 
all o f the s tru c tu re s  lo ca ted  p o ste rio r  to the  pancreas.

R E G IO N S O F THE PA N C R E A S

The p an creas has  four parts: the  head , neck , b o d v , ar.d 
tail. T he head o f  the  p an c reas is located  in the  cap  of tle  
d u o d en u m . T he u n c in a te  p rocess is an  e x te n s io n  of tle  
p ancrea tic  head  tha t is located  betw een  the  supcrio r 
m esen te ric  a rte ry  an d  ihe  abđom inal p a rt o f the  d ĩ- 
scen d in g  aorta . C o n s tric tio n  o f these vessels com prcss*s 
the  u n c in a te  p rocess. T h e  n eck  lies a n te rio r  to the  o r ig n  
of the po rta l vein. T he b o d y  crosses the m id lin e  an d  liíS 
an te rio r  to the ao rta , the sp len ic  vein, the lefi su p ra ren il 
g land , the left renal vessels, the leíl k idney, an d  the  k ít 
c ru s  o f ihe d iap h rag m . T he tail is the oiily  in traperito - 
neal p a rt o f the p an c reas  an d  liesAvithin the  sp len o ren il 
ligam ent.

P A N C R E A T IC  D E V E L O PM E N T  A N D  
TH E D U C T  SYSTEM

T he s tru c tu re  o f  the  a d u lt pancreatic  d u c t System s 
d i r e c t l y  r e l a t e d  t o  t h e  d u a l  e n i b r y o n i c  o r i g i n  o f  t h e  p a i -  

creas. The do rsa l b u d  is la rg e r  th an  the ven  tra i bưd  ard 
gives rise to th e  m a jo r p o rtio n  of the  pan c reas . t 
su p p lies  all o f the tail an d  the  body  and som e oí tle 
head  and  the u n c in a te  p rocess. In itia llv , the  v en tra l b id  
is a p a ired  s tru c tu re , w itlì the lefl p o rtio n  a tro p h y iig  
an d  the rig h t p o r tio n  c o n tin u in g  to grovv. A fter rotaticn 
of the  d u o d e n u m  and  the  p ancrea tic  b uds, íu sio n  »f 
the cỉorsal an d  ven tra l d u c ts  o ccu rs  at ap p ro x im atey  
6 w eeks o f h u m a n  ges ta tiọn . T he m ain  p an c rca tc  
d u c t, callcd the  d u c t o f W irsu n g , is s u r ro u n d e d  by is 
ow n sm o o th  m uscle  sp h in c te r  and  arises from  the  vei- 
tral bud . u  gen era lly  beco m es the rnain co n d u it in  ú ĩ  
pancreas. It su p p lies  p a r ts  o f the head  an d  the un c in ae  
process. A pprox im ate ly  80%  of the ti me, the  tna in  pai- 
c reatic  d u ct fuses w ith  the co m m o n  hile d u c t, w h ich  al-O



h as  a sm o o th  m uscle sp h in c ie r, ío rm ìn g  a com m on  
c h a n n e l calleci the am p u ĩla  o f V ater. T he am p u lla  of 
V aie r re leases its c o n ten ts  in to  the  d esce n d in g  p o rtio n  
o f th e  d u o d e n u m  at the m ajo r d u o d e n a l p ap illa , w h ich  is 
s u r ro u n d e d  an d  in n e rv a ted  by th e  sm o o th  m u sc le  o f the 
sp h in c te r  o f O dd i (Fig. 3 ). M ost p a n c rea tic  cluct con- 
te n ts  are re leased  in to  the  d u o d e n u m  at the m a jo r du- 
o d en a l pap illa . In  ad d itio n  to the m ain  p a n c rea tic  d u c t, 
th e re  is a sm aỉl accessory  d u c t, the d u c t o f  S an to rin i, 
w h ic h  is lo ca tcd  cephalad . In the m aịo riiv  of cases, it 
co n n e c ts  to the  m ain  p an c rea tic  d u c t, b u t  in a sm all 
p e rc en ta g e  of cases, it has a sep ara te  o p e n in g  in to  the 
m in o r  d u o d e n a l papilla . T he sm all m in o r  d u o d e n a l pa- 
p illa  is ce p h a lad  lo the  m ajo r d u o d e n a l p ap illa  (Fig. 3).

T he p an c rea tic  duct d ia m e te r  b eco m es sm a lle r from  
th e  head to  the tail. Increases in  the  d ia m e te r  o f the  m ain  
p a n c rea tic  d u c t are observecl w ith  som e p a th o lo g ic  p ro - 
cesses, su c h  as o b s tru c tio n  by  tu m o rs  o r in ch ro n ic

F IG U R E  3 Pancreatic duct System, (a) The com m on bile ciuct 
(B) and the ma in pancreatic cluct (P) ịoin to form a com m on duct 
(ampulla of Vater). The ampulla o f Vater em pties its contents into 
the lumen (L) o f  the descending portỉon of ihe duodenum  at the 
major duodenal papilla, which is surrounded bv the sphincter 
of Oclcli (arrovvs). Note that the main pancreatic duct and the 
com mơn bile cluct are surrounded by their ovvn sphincters. 
(b) Three vatiations of the com m on bi le duct and main pancreatic 
duct system. (T op) Short com m on channel o f the two ducts. 
(M iddle) Tvvo separate ducts, (Bottom) Long com m on channel 
of thc t\vo duets. Adapted írom Gcrard Pucher (1991). ỉn “Pan- 
crcatiús (M orgenroth and Kozuschek, eds.), VValter de Gruvter.

FIG U R E  4  Comparison between nortnal pancreadc ducl 
structure (A) and pancreas divisum (B). No te that in pancreas 
divisum, ihere are scparate dorsal and veniral pancreatic ducts. 
There are several variations on this duct pauern.

p an c rea titis . H ow ever, the  d iam ete r o f the p an c reas  m ay 
also in c rease  w ith  age.

V aria tions in  the  schem e o f the p an crea tic  d u c ts  are 
íreq u en t. M ost o íten , the re  is a sm all accessory  duct. 
H ow ever, in  ap p ro x im ate ly  10% oi ind iv id u als , the do r- 
sal an d  ven tra l p an c rea tic  d u c ts  do  n o t íiise. T h is is 
ca lled  p an c reas d iv isum . M ost p an c rea tic  sec re tio n s  
d ra in  th o u g h  a sm all ra in o r pap illae  in  p an c reas  di- 
v isum . In a sm all m in o rity  of pa tien ts , th is  m ay cause 
rela tive o b s tru c tio n  of the  p an crea tic  d u c t th a t occasion- 
ally leads lo p an c rea titis  (Fig. 4 ). A n n u la r p an c reas , a 
rare co n d itio n , m av lead  to o b s tru c tio n  in  the d u o d e- 
num . It is caused  by the lack of a tro p h y  of o n e  of the 
p o r tio n s  o f the v en tra l b u d  an d  the resu ltin g  em ergence 
o f a b ifid  v en tra l p an c rea tic  b ud  th a t can s u r ro u n d  and  
c o n s tric t the d escen d in g  d u o d en u m .

VASCULATURE AND LYMPHATICS

A rteria l su p p lv  to  the p an c reas is p ro v id ed  by th e  sp len ic  
arte rv , the p an crea tic  b ran ch es o f the g as tro d u o d e n a l 
an d  su p e rio r  m e sen teric  arte ries, the su p e rio r  p o s te rio r  
p an c rea tico đ u o d e n a l arte ry  (a b ran c h  of the g as tro d u - 
od en a l a rte ry ), and  the in íe r io r  p an c rea tico d u o d e n a l 
a r te ry  (a b ran c h  of the su p e rio r  m esen teric  arte ry ). 
T he sp len ic  a rte ry , a b ran c h  of the  celiac tru n k , lies 
a long  the  u p p c r  b o rd e r  o f the p an c reas  an d  form s



FIG U R E 5 Arterial supply to the pancreas. The major arterial 
supply to thc pancreas is Irom the splenic ariery (2) on the su- 
perior borderoí the pancreasand the postcrior (5) andanierior (7) 
superior pancreaticoduodenal arteries, which are  branches of the 
gastroduodenal artery (4). Other vessels in the region include the 
left gastric (1 ), common hepatic (3), right gastroepiploic (6), and 
superior m esenteric (asterisk) arteries.

arcades w ith  the pancrea tic  b ranches of th e  gastroduo- 
dena l an d  su p e rio r m esenteric  arte ries (Fig. 5). 
T he arcades sup p ly  the body  and tail of the pancreas. 
T he in tim a te  associa tion  of the pancreas w ith  critical 
vascu iar s tru c tu re s  often  leads to d irec t involvem ent of 
p an c rea tic  cancer w ith  these b lood  vessels. T his is o ílen  
the reaso n  tha t pancreatic  cancers c a n n o t be rem oved 
surgically . A pancreatic  portal system  connects the en- 
docrine an d  exocrine pancreas, allow ing a rte ries supply- 
ing the islets to flow d irectly  to the acini located in the 
im m edia te  v ic in ity  o f the islets. V enous drainage o f the 
pancreas occurs by w ay of the splenic vein, w hich lies 
poste rio r to the pancreas. V enous b lood exiling  the pan- 
creas flow s d irectly  in to  the liver th rough  the portal vein.

L y m p h aù c  drainage from  the pancreas is carried  to 
the p an c rea tico sp len ic , pan crea tico đ u o d en al, subpylo- 
ric, an d  hepa tic  lym ph  nodes. Lvm ph IVom these nodes 
flows th ro u g h  the celiac lym ph nodes in to  the in tesiinal 
ly m p h a tic  tru n k  a n d  the thoracic  duct, u ltim ately  d rain - 
ing in to  the ju n c tio n  o f the left ju g u la r  an d  the left 
subclav ian  veins.

N E R V O U S  IN N E R V A T IO N

The au to n o m ic  nervoưs system  (ANS) plavs a m ajo r role 
in ihe senso ry  an d  m o to r innerva tions of th e  pancreas. 
N ervc fibers are unevenly  d is trib u ted  ĩhroug-hout the 
p ancreas, w ith  the ANS supp ly  being  richer in the 
head  o f the pancreas than  in  the tail. The righi celiac.

hepatic , an d  su p e rio r m esen teric  nerve p lex u ses innter- 
vate ihe head and  neck  o f the p ancreas. The ce liac  p lex  us 
and  sp lanchn ic  neuro log ical n e tw o rk s su p p lv  the pam- 
creatic body an d  tail.

G eneral sensation  from  the p ancreas is ca rried  by 
v isceral afferent íìbers of the vagus nerve . P ancreaitic 
v isceral pain carried  b y  sym pathe tic  íìbers is re íe rned  
to derm atom es T 5 - T 1 0 ,  w h ich  m ark  the u p p e r  abdio- 
m en in the area o f the s tom ach . Severe ab d o m in a l paiĩii is 
a charactcristic  of b o th  acu te an d  ch ro n ic  pancreatit:is. 
VVith ch ro n ic  d isease , the pain  is asso c ia ted  w ith  
changes in n eu ro n a l a rc h itec tu re  an d  ch an g es in n eu - 
ro tra n sm itte r  co n ten t. D isru p tio n  o f  the p e r in e u ra l 
sheath  m ay allow  tox ic substances to com e in to  d ire c t 
con tac t w ith nerve íìbers. In p a tien ts  su íĩe r in g  fro*m 
ch ro n ic  pancreatitis , in ũ a m m a to ry  cells (ly m p h o cy tes , 
g ranu locy tes , an d  m acrophages) are  ío u n d  a ro u n d  
nerves and  ganglia sup p ly in g  the p an c reas  and  tỉhe 
size of nerves is g reatly  increased. In p an c rea tic  ca n ce r, 
lu m o r cells clisrưpt the p e rin eu ra l sh ea th  and  invade tỉhe 
u nderly ing  nerve Rbers. Severe back  p a in  m ay be d u e  to 
t h e  a c t iv a L io n  o f  n e r v e  ĩ i b e r s  l o c a t e d  in  t h e  p o s t e r i o r  

ahdom inal wall. C hanges in n e u ro tra n s m iu e r  c o n te n t 
inclucle the release of increased  am o u n ts  of two pa.in 
tran sm itte r substances: ca lc iton in  g en e -re la ted  p ep tid e  
(CG RP) and  sưbstance p.

Recent research  suggests that som e pancreatic  p a in  
may be the resu lt oí p ro teo ly tic activation  of the p ro tease- 
activated recep to r PAR-2, a m en iber of the G -p ro te in - 
coupled  recep to r famiiy. PAR-2 expression  has b een  
detected  on a subsct o f periphera l pep tiderg ic  n eu ro n s  
and  is involved in  the neurogen ic com p o n en t o f in ílam - 
m ation. In pancreatitis , PAR-2 m ay be activated  by p a th - 
ologically g enerated  trypsin  írom  ac in a r cells o r  tryp tase 
from m ast cells. Pancreatic pain can  also be generated  b y  
edem a, pancreatic  d u ct distension, o r ischem ia.

P ancreatic  secre tion  is co n tro lled  by th e  parasvm - 
p a th e tic  an d  sy m p ath e tic  nerve íìbers as w ell as p ep tid - 
ergic Iierve íìbers. N erve fibers secrete  n e u ro tra n sm itte rs  
(acety lcho line  from  parasym pathe tic  fibers, n o rep in e - 
p h rin e  from  sym pathe tic  fibers, an d  various pep iid es  
from  p ep tid erg ic  Rbers) along the leng th  of ih e ir  
axons. The n eu ro tran sm itte rs  d iííu se  to ta rge t celìs, 
b in d  lo cell su ríace  recep to rs , and  w o rk  th ro u g h  signal 
tran sd u c tio n  pathvvays to slim u la te  o r  in h ib it pan c rea tic  
secretion . Since sym pathe tic  te rm in a ls  are p redom i- 
nan tlv  as-sociated w ith  b lood vessels, decreasecl b lood  
ílovv is also relatccl to đecreased  secretion . C o rtico tro - 
p in -re ìcasing  íactor (CRF) and CG RP also ex e rt eHects 
on  pancreas secrction  ind irectly , th ro u g h  svm pathe tic  
pathvvavs. CRF and CGRP causc the decreases in 
pancreatic  secre tion  associated v /ith  stress. Vagal para- 
svm pathe tic  fibers are  also m a jo r  reg u la to rs  of



in tercligestive secre tio n , su p p lỵ in g  p ancrea tic  ac in i and 
islets. T hey  s tim u la te  se c re tio n  bv re leasing  ace ty lcho - 
l i n c ,  w h i c h  in t e r a c L s  v v ith  t h e  M 3 r e c e p t o r  0 11  t h e  a c in a r  

ceìl. A m a jo r  c o m p o n e n t o f p an c rea tic  se c re tio n  stim - 
ưlatecl bv e ith e r  ch o lec y sto k in in  (C C K ) or secre tin  is 
p ro b ab ly  in d irec t. In resp o n se  to  a m eal, CCK  is re leased  
from  I cells and  secre tin  is released  from  s cells, in  the 
d u o d c n u m . T hese lig an d s b in d  to neu ra l p a thw ays and  
re ỉease  n e u ro tra n sm itte rs  tha t s tim u la te  rec ep to rs  on  
ac in a r  an d  d u e t cells. T h ey  also  m ay have d irec t effects 
o n  ex o c rin e  cells. A ce ty lcho line  p lays a m ạ ịo r  ro le  in  
th is  pathw ay . A n o th er m a jo r p a th w av  reg u la tin g  pan- 
c rea tic  sec re tio n  is m e d ia ted  by  se ro to n in , released  
vvhen food is in  the  d u o d e n u m  an d  ín te rac ts  w ith  
5 -h y d ro x try p la m in e  recep to rs .

P ep tide rg ic  nerves in  the p an c reas ex ert effects on  
e x o c rin e  tissue  bu t a re  v u ln e rab le  to p ro teases , so they  
a c t in a p a ra c rin e  m a n n e r  by re leasing  p ep tid es  tha t 
s ti m u  la te sec re tio n  by n e ig h b o rin g  ac in ar cells. Som atọ- 
s ta iin , en k e p h a lin , an d  p an c reas ta tin  a re  exam ples of 
p e p tiđ e s  th a t ac t in  a p a ra c rin e  m anner.

ỉn  su m m ary , the p an c reas  is a m ixed  enclocrine an d  
ex o c rin e  g land  th a t c ro sses  the  m id lin e  at the  trans- 
py lo ric  p lan e  (L l)  o f th e  abdom en . lt co n sis ts  o f four 
parts : the h ead , neck , b o d y , an d  tail. Except lo r  the  tail, 
w h ic h  is in tra p e r ito n e a l, the g land  is re tro p e rito n e a l. 
T h is  fact, co m b in ed  w ith  the absence of a capsu le , ex- 
p la in s  the v a rio u s  p a lh o lo g ic a l c o n d itio n s  tha i arise  due 
to  the sp read  o f p a n c rea tic  tu m o rs  to o th e r  re iro p e rito -  
neal o rgans. T h e  d u c t sy stem , o f dual em b ry o n ic  o rig in , 
re leases its c o n te n ts  in to  the d escen d in g  p o r tio n  of the 
d u o d en u m . A n asto m o sis  o f several m a ịo r arte ries  
su p p lie s  the  p an creas . V enous b lood  d ra in s  i n to the 
p o rta l vein. In n e rv a tio n  to the  p an c reas  is su p p lied

by the vag u s nerve an d  the ANS. ĩm ag ing  te ch n iq u e s  
used  to  exam ine the p an c reas  inc lude co m p u te d  
lo m o g rap h y , u ltra so u n d , en d o sco p ic  re tro g rad e  
ch o lan g io p an crea to g rap h y , a n d  X-rays.

See A lso the F ollow ing A rticles

A u tom onic  Innervation •  C ircu lation , Overvievv# E ndocrine  
Pancreas •  E xocrine Pancreas •  G astro in testin a l Tract Anat- 
om y, O verview  •  Pancreatic E nzym e Secretion  (P h y sio lo g y )
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h o m eob ox /h om eod om ain  Speciíic sequenccs o f transcription 
íactor nu cleo iides and am ino acids thai coníer a DNA  
b in ding  patterning/regulation capaciiy. 

lateral in h ib itio n  Process bv w h ich ;.i singlc, centrally locaied  
cell self-determ ines its differeniiaiion ancỉ, in doing so, 
inh ib its a sim ilar fatẹ se lection  h y  adịacent ỉateral cells. 

lineage se lec tio n  Process by whicli developm ental faic 
ch o ices are m ade during organogenesis bctvvecn different 
cell lineage types.

P d x -1  P a t te r n in g  ir a n s c r ip t io n  ía c to r  r eq u ir e d  ío r  ea r lv  

develop m en t o f the em bryonic pancreas. 
protod iííeren tiated  Earlv State ol cliHereniiaúon vvherein 

celỉs  exhibit lovv-level expression oí lineage-speciíìc  
gencs, but have not acquired the higher expression  
levels characteristic o f íully diíĩcỉvntiatecl cells.

T he p a n cr e a s  d e v e io p s  th ro u g h  the ev a g in a tio n  o f  early  
en d o d er m . C e lls  th en  rem ain  in  the c p ith e liu m  to  b eco m e  
the đ u c ta l—a cin ar  n e tw o r k  or m igrate o u t o f  th e  ep ith e-  
liu m  to  g iv e  r ise  to  th e  en d o c r in e  ce lls . T h cse  p r o c esse s  
are c o n tr o lle d  th ro u g h  a c o m p ỉex  array o f  in tra ce liu la r  
and  ex tra c e llu la r  m o lecu la r  inA uences. D e íec ts  in th esc  
pathways can lcađ to various paihologic states.

IN T R O D U C T IO N

The p an c reas  develops from  ihe caucỉal foregut, w here 
en d o d e rm a l cells give rise to a ventral and  d o rsa l pan- 
creatic  b u d . T hese tw o b u d s then  fuse and m esenchym al 
factors in d u c e  the early  pancreatic ep ith e liu m  to 
un d erg o  a Cờm plex p a tte rn  of cellular d iffc ren tia tion  
and  lineage se lection  to yield bo ih  epithelial exocrine 
(ac inar an d  d u c ta l)  an d  nonep iihelia l endocrine  cells. 
S tud ies o f p an crea tic  o rganogenesis have iden tiíìed  sev- 
eral m o rp h o g en e tic  signals, pattern ing  tran sc rip tio n  
íacto rs, an d  p a th o g en e tic  m echanism s of pancrcaiic  
ab n o rm a lities . T he fo llow ing overvievv is a dcscrip tion  
of the p re se n t know ledge of pancreatic  organogenesis 
and  m o rphogenesis .

EM BR Y O N IC  A N A TO M Y

At ap p ro x im ate lv  5 vveeks o íg esta tio n  in ihe hu inan , the 
p an c rea tic  dorsal and  v en tra l bucls evaginaie from the 
en d o d e rm al ìin ing  of thc cauda! loregut. The ventral

bu-d m oves vvìth the ax ial ro ta tio n  of the gu i tube  d u rin g  
vveek 6, as the C -loop  of the d u o d c n u m  takes its final 
position  and com es to lie b eh in d  and  below  the dorsal 
bu d . By gesta iional w eek  7, ĩu sion  of the  tw o pancrea tic  
buds occurs (see Fig. 1).

The m ost clin ically  re lcv an t g ross ana tom ỵ  of 
the exocrine pan c reas is the duci system . The m ain

F IG U R E  1 D evclopm cnt of the dcriva iives o f the hum an cai- 
dal íorcgiu. (A) O ricn iation  of ihe gut w ith in  a hum an em bryo u 
abơLU 30 days oí gestaũon. (B — D) The stomach, duodenum, aicì 
pancreatic and hepatic đ iverticu laat approxim aiely  30. 33 , and -6 
daỵs. (E) The d etìnilive rêlationships o f tlìc pancreatic and con -  
raon bi le clucts. R eprođuceđ vvith perm issỉon  (rom Ai lan. F.'j. 
(1 9 6 9 ). "Esscntials o f  Human Embryolo^y." N ew  York: O xfod  
Lỉnivcrsiiy Press.



p an c rea tic  cluci (d u c i o f VVirsung) is íorm ecl by íusion  o f 
th e  disial dorsal d u c i w ith  the en tire  ven  trai due i. This 
m a in  p ancreatic  d u c t d ra in s  in io  th e  d u o d e n u m  Via the 
am p u lla  o f Vater. T he  p ro x im a l dorsal d u c t usua lly  per- 
s is ts  as an accessorv  đ u c t, co m m u n ica te s  w ith  the m ain  
d u c t, and  opens in to  ihc d u o đ en u m  al th e  m in o r  papilla . 
w h e n  p rcsen t, th is  accesso rv  d u c t is ca lled  the d u c t o f 
S an to rin i. A p p ro x im ate ly  10% of h u m a n s  w iih  o th er- 
w ise norm ally  d ev e lo p ed  p ancrea ta  d o  no i have d u c t 
íu sion , and  the e n tire  dorsal cìuct d ra in s  via ihe 
m in o r papilla . T he ven tra l bu d  deve lops in  to the in íe rio r 
h ead  and  un c in a te  p ro ce ss  o f the m a tu  re p ancreas; thc 
clorsaỉ bucỉ p rov ides the rem ainder. T he  p an c reas  is 
h igh lv  vascu lar a n d  has ex tensive lỵ m p h a tic  clrainage. 
T he  connective  tissue, scp tae , an d  ly m p h a tic s  o f the 
aclult g land  are deriv cd  from  the sp la n ch n ic  m esoderm .

H isto logically , the p an c reas  is co m p o sed  of tw o 
d is tin c t tissue types, exocrine  and  en d o c rin e . T he 
exocrinc  p an creas  co n s is ts  o f lobules o f ac in a r  cells at 
the ũps o f b ran c h ed  d u c ts . The ac in a r cells dcvelop  
zym ogen  g ran u le s  co n la in ỉn g  p ro en zy m es for over 20 

digestive enzym es. Z ym ogens release these  p roenzvm es 
(nucleases, p ro teases , am ylase, and  lipase ), in to  the gas- 
tro in ie s tin a l trac t, w h ere  they are ac tiv a ted  a n d  partic- 
ipa te  in đ igesiion . T he íu n c tio n  o f the h ea lth y  ex o crin e  
p ancreas is u n d e r  co m p ỉex  regu la tion  by h o rm o n es , 
in c lu d in g  ch o lec v sto k in in  (C C K ), n eu ro h o rm o n es , 
an d  secretin .

T he cells o f th e  en d o c r in e  p an c reas c o n s titu te  o n ly
1 - 2 % of ih e  acluìt g lan d , bu t early  in d iffe ren tia tio n  
these rep ie se iit a m ạ jo r co m p o n en t o f th e  d ev e lo p in g  
pancreas. C lu s ie rs  o f en d o c rin e  celỉs, the islets o í 
L angcrhans, lo rm  from  cells th a t bud  off o f the exocrine  
ducts. F o u r lypes o f e n d o c rin e  ce lls sec re te  th e ir  p cp tid e  
h o rm o n es  in lo  th e  b lo o d stream  from  th e  islets. T he 
m ajo rity  of p an c rea tic  en d o c rin e  cells a re  b e ta  cells, 
w h ich  p ro d u ce  in su lin  an d  am ylin  (an  in su lin  an tago - 
n is t). T he o th e r  th ree  cell types are g lu c ag o n -sec re tin g  
a ìpha  cells, so m a to s ta tin -p ro d u c in g  d e lta  cells, an d  the 
p an c rea iic  p o ly p e p tid e  (P P )-secre ting  cells. T hese  islets 
do  n o t arise ĩrom  a sing le  p ro g en ito r cell, an d  the cel- 
lu la r co n ten t o f is le ts  is variab le. F or exam ple , islets w ith  
a h igber co n c e n tra tio n  o f p an c rea tic  p o ly p ep tid e - 
p ro d u c in g  cells a re  ío u n d  in  the h ead  o f th e  p an creas , 
w h ich  derives [ro m  th e  em brvo log ic  ven tra l bud .

CELLULAR DIFFERENTIATION  
AND MORPHOGENESIS

The n o rm al s tru c tu ra l d ev e lo p m en t o f th e  em b ry o n ic  
pancreas d u rin g  ea rly  ges ta tio n  has b ee n  w ell describ ed . 
speciR cally , W esse lls  a n d  C o h en  in  1967 an d  P ic te t an d  
R uttet’ in  1972 d e lin e a te d  the m o rp h o g en es is  o f the

p an c reas in  the rat. T he íìrs t m orp h o lo g ic  ev id en ce  of 
th e  em bryon ic  p an creas , an  evag ina tion  o f th e  fo regu t 
dorsal and  ventra l e n d o d e rm , form s th e  d o rsa l an d  the 
v en tra l p an c rea tic  b u d s, respectively . D orsal bucỉ evag- 
in a tio n  occu rs  íirsi a n d  req u irc s  p rev ious c o n ta c t w ith  
overly ing  n o to c h o rd , fo llow ed  by do rsa l ao rta . T he  p ro - 
cess o f ev ag in a tio n  an d  su b se q u e n t ĩu r th e r  g ro w th  and  
d iffe ren tia tio n  o f the p an c rea tic  b u d s  seem s to  req u ire  
th e  p resen ce  o f the o v erly in g  sp la n ch n ic  m eso d erm . 
T h is  early  ev ag in a tio n  o cc u rs  at 9 —10 davs o f  g es ta tio n  
in  ihe m ouse.

The d eve lop ing  p an c rea tic  bu d  s ta rts  as a sim ple  
sh ee t o f ep ith e liu m , w h ich  th en  qu ick ly  b e c o m e sh ig h ly  
fo lded. P rogressive g ro w th  an d  b ran c h in g  lead  to the 
ex o c rin e  (d u c ts  a n d  ac in i) n e tw o rk . T h is c ỉucta l—ac in a r 
s tru c tu re  o f the p a n c re a s  is ev id en t by 14.5 days in  the 
m ouse . D etected  th ro u g lìo u t the early  d e v e lo p m e n t of 
the p an c reas , en d o c r in e  cells ap p ear lo b rea k  aw ay and  
íoriTi n o n ep ith e lia l cluster-s o f en d o c rin e  cells th a t will 
becom e vascu la rized  an d  form  the islets of L angerhans.

P ancreas-spec iíìc  cy to d iffe ren tia tio n  h as  b ee n  de- 
sc rib e d  by P ictet and  R u tte r as b eg in n in g  w ith  a up ro to -  
d ifferentiatecT  ep ith e lia l cell. E xocrine  a n d  e n d o c rin e  
cell lineages b o th  o rig in a te  from  these m o rp h o lo g ic a lly  
u n d iffe ren tia te d  cells. E x p ressio n  o f lineage-speciR c 
m RNA , su ch  as in su lin  and  am ylase RNA in  these 
cells, suggests an  early  c o m m itm en t lo a lineage. In su lin  
and  g lucagon  gcnes are exp ressed  p rio r  to d o rsa l pan - 
crea tic  b u d  ev ag in a tio n  at em bryon ic  day  9 .5  in  the 
m ouse . A m ylase a n d  o lh e r  ac in a r enzym c gen es are 
ỉirs t exp resscd  a ro u n d  days 1 1  — 1 2  in the m ousc .

MOLECULAR INFLUENCES

A lthough  th e  m o rp h o lo g ic  an d  ĩu n c tio n a l d e v e lo p m e n t 
oí th e  p an c reas  has b een  w ell describ ed , the d e ta ils  o f the 
m o le cu la r  in ílu cn ces re g u la tin g  pan c rca tic  cell p ro lií- 
e ra tio n  a n d  d iffe ren tia tio n  rem ain  e lusive . As m en- 
tio n ed  p rev iously , c o n ta c t o f ea rly  e n d o d e rm  w ith  the 
n o to c h o rd  is necessarv  to in d u ce  ev ag in a tio n  a n d  sub- 
se q u en t p an c rea tic  d iffe ren tia tio n . T his in te ra c tio n  is 
m ed ia ted  th ro u g h  n o to c h o rd  p ro d u c tio n  o f fib rob last 
g ro w th  factor-2  (F G F -2 ) a n d  ac tiv in  B, w h ich  ỉn h ib it the 
p ro d u c tio n  o f Sonic h ed g e h o g  (SHH) by the en d o d e rm a l 
ce lls  th a t fo rm  th e  pan c reas . T h is SHH su p p re ss io n  is 
speciS c to  the p re p a n c re a tic  area. T h is b a c k d ro p  o f 
e x tra c e llu la r  sỉgna ling , acco m p an ied  by  ex p re ss io n  of 
p a tte rn in g  tra n sc r ip tio n  ĩacto rs (Pdx-1 a n d  H lbx9 ), 
leads to th e  early  d e v e lo p m e n t o f the em b ry o n ic  pan - 
creas. D iffe ren tia tion  p a th w ay s  d e te rm in e d  by  h o raeo - 
d o m a in  p ro te in s  su c h  as Pdx-1  and  H lbx9 are  íu r th e r  
m o d u la te d  by the ex p re ss io n  o f se co n d a rv  p a tte rn in g  
genes. F o r exam ple , n e u ro g e n in  3, a h e lix —lo o p —helix
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PIGURE 2  Molecular iníluenees and cell lineage m ap for đ iííeren tia tion  o f  the pancreas. SHH, 
Sonic hedgehoỊỉ; n g n ì. neurogenin  3.

(H LH ) p ro te in , has been  íound  lo be necessary  for the 
c o m m itm en t o í P d x - l-p o s it i \e  rells to becom e pancre- 
atic  en d o c rin e  cells. N otclì signaling, th ro u g h  m echa- 
n ism s s im ila r to  p a th w a y so í neurogenesis called  “lateral 
in h ib ition ,” op poses neurogenin 3 -ỉgnaling and lcads to 
ex o c rin e  d iffe ren tia tion . Furihe? Irvels of lineage selec- 
tio n  o c c u r  after these events (st'0 Pig. 2).

In  e n d o c rin e  d iííe ren tia tio n . Pax4 and  Paxố  confer 
speciB c d iffe ren tia tio n  o f  the gỉucagon cell (a lp h a  cell) 
an d  the in su lin  cell (be ta  c e ll). respectively. In  exocrine  
diỉĩerentiation, p48 is an HL1Ỉ ỊMOiein that is necessary  
for ex o c rin e  d iíre re n tia tio n  and activates ac in a r genes. 
M uch  of th is  secondary  dirferei 11ia tion  beyond  the ini- 
t ia l  p a n c r e a t ic  c o m m it m e n t  IS m e d ia te d  b v  ía c t o r s  in  

th e  su r ro u n d in g  p an c rca iic  m cscnchym e. FG Fs and 
la m in in s  a re  exạm ples oi such critical m esenchym e- 
d e riv e d  ĩactors.

DEVELOPMENTAL ABNORMALIT1ES

A rare e m b r ỵ o lo g ic  a b n o r n ia l; í \  >í í he p a n c r c a s  is c o m -  
p l e t e  a g e n e s i s ;  t h i s  h a s  b e e n  a s s r -  im e d  \v i t h  n i u t a t i o n  o f  

the  Pdx-1 gene an d  is frequen»K ’auù in the new b o rn . A 
he te ro zy g o ư s Pdx-3 m utatii ■ :i ÌC.K.Ỉ.N to one form  oí 
m a tu re -o n se t d iab e te s  of ìhv- V 'líMg (MODY). Partial 
pancreatic agenesis dcscrihf.s .11Ị oiherwi.se normal 
p an c reas  w ith  a p o rtio n  ah-H'ni ivpically ihe do.rsal

pancreas. H ypop lasia  o f the pancreas, o r “lip o m a to u s  
p seu d o h y p e rtro p h y  of the pancreas ,” is the  c o n g e n ita l 
absence o f seco n d a ry  exocrine  s tru c tu re  d ev e lo p m e n t. 
T he p an c reas  has n o rm al isleLs, b u t ihe ducta ì s tru c tu re s  
have b c e n  rcp laccd  by fat.

P ancreas d iv isu m  is n o n co m m u n ic a tio n  of the d u c ts  
in  the d o rsa l a n d  v en tra l pancreas. F ailu re  o f íu s io n  
betw een  the  m a in  d u c t (ven tra i) and  the  accesso ry  
duct (d o rsa l)  resu lls  in  m ost o f the  pancreas d ra in in g  
th ro u g h  the m in o r pap illa  via the p e rs is ten t d u c t o f 
S antorin i. P ancreas d iv isum  is the m ost co m m o n  an o m - 
aly of the p an c reas  (~ 5  —10%), an d  m ay be m ore p ro m - 
inen t in  p a tien ts  w ith  p an c rea titis  (1 6 —25% ).

P ailu re  o f p ro p e r  pancrea tic  ro ta tio n  is th o u g h t to 
ìead to a co m p le te  rin g  o f p an c rea tic  tissue a ro u n d  th e  
second  p o r tio n  o f  the d u o d en u m  (an n u la r  p an creas). 
A nnu lar p an c reas  is íreq u en tly  associa ted  w ith  o th e r  
anom alies, su ch  as trisom y 2 1  and  du o d en a l atresia .

P ersis ten t h y p erin su iin em ic  hypog lycem ia o f in- 
fancy (PH H I), also  te rm ed  nesid iob lastosis, is a cond i- 
tion  w h ere in  the  in su lin  cells have faulty  g lucose 
sensing  an d  thus ov erp ro liíe ra te  an d  o v erp ro d u ce  insu - 
lin. PHHI is o ften  due to m u ta tio n s  in th e  su ìĩonv l- 
urea re c e p to r  i  (SUR1) 0  or K irỏ.2, an d  is 
som etim .es associa ted  vvith the B eckw ith—W ied em an n  
sv n d ro m e and  m u ltip le  en d o c rin e  neop lasia  type 
KM EN  1). D u c t—en d o c rin e  p ro liíe ra tio n , w ith  new



is le t lo rm a tio n  íro m  th e  p an c rca tic  cluct ep ith e liu m , 
ch a rac te r ize s  n es id io b la sto sis , b u t these íind ings can 
b e  secn  in  the n o rm a l n eo n a te  as w ell. F req u en tly  a 
d iíỉ ĩc u lt c lin ical a n d  pa.tholo.gic cliagnosis, nes id io - 
b la sto sis  re q u ire s  p ro m p t m edical and  su rg ica l treat- 
m e n t to avoicl b ra in  d am age from  severe hvpog lycem ia.

See Also the F ollow ing  A rticles

Development, Overview •  Endocrine Pancreas •  Exocrine 
Pancrcas •  Pancreas, Anatomy
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k w a sh io r k o r  P rotein d eíÌG iency State w ith adequate caloric  
im ake.

m arasm us Defi.cien.cy State resu lùng írom  deprivation o f  
both proteins and calories. 

nutritional pancreatitis Form of n on aỉcoh olic  chron ic  
pancreatitỉs prevalent in  India and other iropical 
coum ries.

Inadequate n u tr itio n , especially  of p ro te in , m ay lead to 
pancreatic  a tro p h y  or in  som e cases chronic p an crea titis  
o r d iabetes. Both the cxocrine and endocrine com ponen ts 
of the panereas can be irỳured. Factors causing  in ju ry  to  
the pancreas d irec tly  o r  ind ircctly  in terfere w ith  bo th  
com ponen ts to  a v ary ing  degree, a lthough  pancreatic  exo- 
crine and  en d o c rin e  com ponen ts have considerab le func- 
tional reserve and  m alabso rp tion  is no t seen un til 90%  o f 
the pancreas is lost.

MALNUTRITION AND EXOCRINE 
PANCREATIC INJURY

Protein D eíìciency

A m ong  th e  sp e c ia liz ed  o rg an s of the body , th e  
p an c reas (a lo n g  w ith  live r an d  sm all in te stin e) has the 
h ighest ra te  of p ro te in  svn thesis . The ac inar cells 
syn thesize a n d  sec re te  b e tw een  6 and  20  g o í d igestive 
enzym es in  24 h o u rs . C o n seq u en tly , the p an c reas is 
ex trem ely  v u ln e ra b le  to sh o rt-  o r lo n g -te rm  p ro te in  
deíìciency . P ro te in  energy  m a ln u tr itio n  (PEM ) is the 
m ost im p o rta n t p u b lic  h e a lth  p ro b lem  in  dev e lo p in g  
coư n tries. M a ln u tr itio n  in  affluen t n a tio n s is o ften  oc- 
cult, re su ltin g  from  ch.ron ic a lcoho lism , d ru g  abuse, 
im m u n o d efic ien cv  s ta tes , and  p ro b lem s associa ted  
w ith  o ld  age.



Severe n u tr itio n a l deíicieru y causes in itia lly  revers- 
ible an d  Bnally irrevẽrsib le  changcs. In an  ex p c rim en ta l 
s tu d y  o n  B onnet m onkeys, an ìm als on p ro te in -d eR cien t, 
n o rm al ca rb o h y d ra te  d ie ts show cd a lro p h y  o f p ancre- 
a tic  tissue w ith  rep la ce m en t \vith ad ipose tissue. Ani- 
m als on  lo w -p ro te in , h igh-carbohvdrate  d ie ts  show ed  
severe changes. T he add itiona l carbohvdra te  seem ed  to 
h a rm  th e  p an c reas  m o re  than  norm al ca rb o h y đ ra te  eon- 
su m p tio n . T he low -prot.eirụ h igh -ca rbohydra te  d ie t 
m im ics th e  u su a l d ie t of thc p o p u la tio n  g ro u p s  in 
m ost dev e lo p in g  Iiations. O th er experim en ta l s tu d ie s  
have sh o w n  reco v ery  of pancreaiic  ĩu n c tio n  w h en  
p ro te in  de íìc iency  is correctcd . cỉepcnding on  the  
severity  an d  d u ra tio n  o í m alnu irilion . C lin ical observa- 
ũ o n s  su p p o r t ex p erim en ta l studies. C h ild re n  d v in g  o f 
k w ash io rk o r have sm all Rbrosed pancreases ạ long  w ith  
a tro p h ic  in te s tin a l m ucosa. In ch ild ren  su ffering  fròm  
m arasm u s and  k w ash io rk o r. pancreaiic  enzym e o u tp u t 
is d ec reased  w ith  no  change in H CC V  o u tp u t. The 
p an c rea tic  d u c tu le s , w h ich  p roduce  H C O }~, are u su a lỉy  
w ell p rese rved  in  kvvashiorkor.

M icronutrient D eíiciencies

C lin ical m a ln u tr itio n  is selílom  a p u re  p ro te in  
d eíìciency State. M ultiple deíiciencies o f trace elem ents  
an d  v itam ins occur. ư n o p p o se d  free rad icals  (FRs) 
a re  p o te n tia l m e d ia to rs  o f in ịury  to m any  o rgans, in- 
c lu d in g  the  pancreas . T he ro les played by an tio x id a n t 
enzym es, w h ich  in c lu d e  a m ineral in th e ir  s tru c tu re  
(m e ta llo e m y m e s) , and  an tióx idạn t v iiam ins (su ch  as 
v ita m in s  A, E, c ,  an d  ịỉ-carotene) are inc reasing ly  
cỉear. Z inc, an  esscn tia l m icrom itrien t. is a co m p o n e n t 
o f  enzym es su ch  as DNA polvm crase, RNA po ỉym erase , 
an d  reverse tran sc rip ta se , whiclì are involved in  p ro ie in  
syn thesis . E x p erim e n ta l sm đ ies have sh o w n  th a t z in c  
deR ciency p ro m o te s  ac inar celi degeneration . C lin ical 
z inc  deíic iency  o ccu rs  in ch ron ic  a lcoholisn i, c irrh o s is  
o f  th e  liver, sick le ce ll d isease, and o th e r  co n d itio n s. 
S im ilarìy , se len iu m  is an  im p o rtan t trace e ỉem en t be- 
cause  it is a co m p o n en t oỉ the  cnzỵm e g lu ta ih io n e  per- 
ox idase. A se len iu m -d e íìc ien t d iet in ch icks causes 
p an c rea tic  a tro p h y . C lin ical selenium  deíic icncy  o ccu rs  
in ch ro n ic  a lcoho lics  and  cigarette sm okers.

T here is 110 p ancreatic  clisease th a t ca n  b e  so le ly  
a ttr ib u tcd  to m aln u tritio n . H ow ever, a fo rm  of n o n a l-  
coholic  ch ron ic  pancrea titis , p re v a len t in Ind ia  a n d  
o th e r trop ical coun tries , know n  as tro p ic a l o r n u tr i-  
tỉonal pancreatitis , is rep o rted  to  o c c u r  in  c h ild re n  
and  young ad u lts  o f lo w -in co rae  g roups. A lth o u g h  
the  etiology for trop ical p a n c re a titis  is n o t yet 
elucida ted , experim en ta l data  c o u p le d  w ith  ep id em io - 
logical observa tions have in d ica ted  th a t m a ln u tr ii io n  
m ight play a m ajo r ro le  in  its p a th o g en esis .

M alnutrition and Endocrine Pancreatic Injury

The role o f m aln u tritio n  as a cause  for e n d o c r in e  
p ancreatic  in ju rv  has on lv  recen tly  been  reco g n ized . 
A lthough  d iabeies is o íten  rec o g n ize d  to be a co m p li-  
ca tion  o f being  overvveight, a b n o rm a l g lu co se  to lc ran ce  
is a íeatưre oí m aln u tritio n , A re d u c tio n  in in su lin  se- 
cre to ry  capacily  is no ted  in m a in o u rish e d  an im als  in 
experim en tal s tud ies. T he íu n c tio n a l dam ag e to B cells 
in m a ln u triiio n  in itially  s ta rts  as h ig h  levels o f in su lin  
(h y p erin su linem ia) in early  stages o f  su b c lin ica l m al- 
n u tr itio n  and  p rogresses to low  levels o f in su lin  
(hypo insu linem ia) w iih  the o n se l o f  íra n k  m a ln u tr itio n . 
ỉn  kw ash io rkor, there is islct cell h y p e r tro p h y  in early  
stages, follow ed by a tro p h y . M a ỉn u tr iiio n -re la te d  
d iabetes m ellitus is recogn ized  to be a su b ty p e  of 
d iabetés. It is n o t clear w h e th e r p ro te in  cleíìciency is 
the sole cause oi this d iabetes.

See Also ihe Follow ing A rticles

Dieiar}' Reíerencc Intakes (DRI): C oncepts and Ĩmpleiĩien- 
tation  •  M alnutrition •  P ancreatitis, C h ron ic  ♦ Protein- 
Caloríe Dcíiciency—uKwashiorkor”
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endoscopic retrograde choỉangiopancreatography A proce- 
dure whereby pancreatic and biliary ducts are visualized 
bv endoscopic injection of contrast medium. 

stenosis An area oí narrowing.

T he pancreas develops d u rin g  the ĩo u rth  w eek o f gesta- 
tion , arising  from  the endoderm al lin ing o f the duodenum . 
From  th is  anlage, tw o pancreatic  pouches, dorsal and 
ven tra l, develop, w hich u ltim ately  give rise to  the body / 
ta il and head /uncinate  p rocesses o f the pancreas, respec- 
tivelv. By the s ix th  w eek  o f gestation , the ventra l pouch  
assum es a position  ad jacen t to the do rsa l pouch  th rough  
the process of clockw ise m igration  as the p rim itive  duo- 
denum  ro ta tes  to assum e its  charac terisiic  C -shaped  con- 
íiguration . F usion  o f the dorsal and  ven ira l p rim ord ia  and  
th e ir  ducia l system s is achieved by the e igh th  w eek. At the 
tim e of b irth , the pancreatic  parenchym a is unifieđ and  the 
accessory  and m ain pancreatic  du cts  a re  íủsed. M alíonna- 
tions o f pancreatic  em bryology include an n u lar pancreas, 
pancreas div isum , and  hetero top ic  pancreas.

ANNULARPANCREAS

A n n u la r  p an c reas  o ce u rs  w h en  the ven  tra i p an c rea tic  
p o u c h  íails to p ro p e r ly  ro ta te  c lockw ise  p o s te rio rly  
a ro u n d  th e  d u o d e n u m  (see Fig. 1). T h u s, th e  ven tra l 
p o u ch  lies a n te r io r  to the d u o d e n u m  in  th is  anom aly . 
T h e  d u o d e n u m  can becom e p artia lly  o r  co m p le te ly  ob- 
s tru c te d  by  the en c irc lin g  p an c rea tic  rin g  (Fig. 2 ). The 
b an d  of p an c rea tic  tissu e  co m m o n ly  lie s  p ro x im a l to  the 
m aịo r d u o d en a l pap illa . M icroscop ically , p an c re a tic  tis- 
sue  often  is ío u n d  to in v ad e  the d u o d e n a l wall in to  thc 
m u sc u la ris  layer. O th e r  co n g en ita l de íec ts  assoc ia ted  
w ith  a n n u la r  p an c reas  inc lư de  đ u o d e n a l a lresia , D ow n’s 
sy n d ro m e ( triso m y  2 1 ), in tra card ia c  de íec ts , in te stin a l 
m a lro ta tio n , and  trach eo eso p h ag eal íìs tu la . A n n u la r 
p an c rcas  is th e  m o s t co m m o n  an o m aly  o b s tru c tin g  
the d u o d e n u m  in  in ĩa n ts , w ho  m ay p re se n t w ìth  íeed ing  
in to le ran c e  a n d  vo m itin g . O n ex a m in a tio n , v isih le  peri- 
s ta lsis  and d is ten s io n  m ay be  ap p re c ia ted  d u e  to  the 
o b s iru c tio n . Less co m m o n ly , the ex is ten ce  o f a n n u la r  
p an c reas  m ay n o t becom e m an iíest u n til ad u lth o o d . 
P a tie n ts  m ay co m p la in  o f b lo a tin g , p a in , o r  vo m itin g . 
U p p er g as tro in te s tin a l o b s tru c tio n , pep tic  u lc e ra tio n , 
an d  p an c rea titis  m ay  resu lt from  a n n u la r  p an creas .

D iagnosis is facilita ted  by p la in  ab d o m tn a l rad io g rap h , 
w h ich  classically  reveals  th e  “d o u b le -b u b b le” sign  char- 
ac te ris tic  o f gastric  an d  d u o d e n a l d ila tio n  seeondary  
to  d u o d e n a l o b s tru c tio n . O ften , how ever, u p p er 
g as tro in tes tin a l c o n tra s t s tu d y  is necessary  to d o cu m en t 
o b s tru c tio n . E n d o sco p ic  re tro g ra d e  ch o lan g io p an crea - 
tog ram  (ERCP) m ay also  be u se íu l in  d em o n stra tin g  
d u c ta l an o m alies  fo u n d  w ith  th is  co n d itio n .

T rea tm en t is o p era tiv e  w h en  o b stru c tiv c  sym ptom s 
d evelop . Bypass o í th e  o b s tru c tio n  by d u o d en o - 
je ju n o sto m y  is p re fe rre d  over rese c tio n  o f the a n n u la r  
p an c rea tic  tissue d u e  to  the h ig h  p re d isp o s itio n  to 
deve lop  p an c rea tic  a n d  d u o d e n a l íìstu las.

PANCREAS DIVISUM

F ailu re  o f  the v en tra l an d  d o rsa l pan c rea tic  du cta ì 
system s (o fuse resu lts  in  p an c reas  d iv isum . In th is 
d iso rd e r , th e  m a jo rity  o f ih e  p an c reas  is d ra in ed  th ro u g h  
th e  accessory  p an c rea tic  d u c t (d u c t o f S an to rin i)  in to  
th e  m in o r d u o d en a l p ap illa  (Fig. 3). P ancreatic  secre- 
lions from  the u n c in a te  p rocess a n d  p o rtio n s  of the 
p an c rea tic  h ead , d e riv ed  from  the ven tra l anlage, 
d ra in  via the m a jo r  d u o d e n a l p ap illa  (via th e  d u c t of 
W irsu n g ), sep ara te  from  the rem a in d e r  of the pancreas. 
P ancreas d iv isum  is re la tiv e ly  co m m o n , d em o n stra te d  
in  5 to 10% of su b jec ts  by  au to p sy  o r by ERCP.

M an iíesta tio n s o f p an c reas  d iv isu m  o cc u r uncom - 
m o n ly  in  ch ild h o o d . C o n tro v e rsy  ex ists as to w h e th e r  
p an c reas  d iv isum  h as a causa tive  ro le  in  re c u rre n t idi- 
o p a th ic  ac u te  p a n c re a ù tis , c h ro n ic  p an c rea titis , and  
ch ro n ic  a b d o m in a l pa in . Sorae investiga to rs believe 
th a t s te n o sis  o f the m in o r  d u o d e n a l p ap illa  m u st coexisl 
w ith  p an c reas  d iv isu m  for p an c rea titis  to develop . 
D iagnosis of p an c reas  d iv isu m  is m ade  by ERCP; on 
c a n n u la tio n  o f th e  accesso ry  p ap illa , the d u c t of 
S an to rin i is found  to  sp a n  th e  len g th  o f the p ancreas 
w ith o u t c o m m u n ic a tin g  w ith  the d u c t o f W irsung .

G iven the u n c e r ta in ty  of a causal re la tion - 
sh ip  betw een  p a n c re a s  d iv isu m  an d  p an c rea titis , no 
speciíìc  in te rv en tio n  is adv ised  for m ild  o r single 
ep iso d es o ĩ p an c rea titis . Severe o r  re c u rre n t b o u ts  
o f p an c rea titis  m ay  w a rra n t th e ra p eu tíc  inven tion . 
B o th  en d o sco p ic  a n d  su rg ica l a p p ro a ch es  have been
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described . S tenosis o f the m in o r  d u o d en a l pap illa  o r 
s tr ic tu re  o f the  accessory  p an c rea tic  d u c t m ay be ap- 
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A Normal 
anatomy 
Common 
bile đuct
Accessory  
papilla and 
duct of 
Santorinỉ
Arnpulla of 
Vater (commori 
bile duct and 
duct 0fWirsung)
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c opyright L ippincott-R aven Publishcrs, 1997.

o r sp h in c te ro to m y . Surgical ap p ro ach es in c lu d e  tran s- 
d u o d e n a l sp h in c te ro p la s ty  of the m in o r  pap illa , p an c re - 
a tic  head  resection , and  p an c rea tico je ju n o sto m y .

HETEROTOPIC PANCREAS

W h e n  p an crea tic  tissue develops ou ts ide  of th e  m ain  
p an c rea tic  body, these a b e rra n t rests o f tissue are re íe rred  
to  as h e te ro to p ic  pancreas. H e te ro to p ic  p an crea tic  tissue 
m ay  be found  anyw here  along  the g as tro in tes tin a l trac t, 
m o st co m m on ly  in the s to m ach , d u o d e n u m , sm all 
bo w el, and  M e ck e ls  d iv e rticu lu m . Rarely, ec to p ic  pan - 
c re a tic  tissue m ay be ío u n d  in  the gallb ladder, o m e n tu m , 
u m b ilicu s , co lon , o r lungs. T he etio logy  of h e ie ro to p ic  
p an c reas  is unclear. A b erra tio n s i.n stem  cell d iffe ren ti- 
a t io n  o r m ig ra tion  of the p an c rea tic  pou ch es d u r in g  de- 
v e lo p m en t are th o u g h t 10 be invo lved  in  th is anom aly .

H ete ro to p ic  p an c reas is u sua lly  an  a sy m p to m atic  
c o n d itio n  tou n d  inc iden ta lly  at au topsy  or su rgery . 
Bowel o b s tru c tio n  m ay resu lt w hen  rests serve as lead 
p o in ts ío r in tu s s u s c e p t io n o ra s  sp ace -o ccu p y in g lesio n s . 
O th e r  co m p ìica tio n s in c lu d e  h em o rrh ag e  an d  u lcera- 
tio n . ư p p e r  endoscopy  is helpCul in d iagnosis. S ubm u- 
c o s a l  n o d u le s  w ith  C entral d e p r e s s io n  c h a r a c te r is t ic  o f  
h e te ro to p ic  pancreas m ay  be d iscerned . B iopsy is re- 
q u ire d  to  d is tin g u ish  these lesions from  po lyps, 
le iom yom as, an d  lym phom a. T rea tm en t is in d ic a ted  
for p a tien ts  w ith  com plica tio iis  from  h e te ro to p ic  pan- 
creas. E xcision  w ith  h isto log ic  ex am in a tio n  is re q u ire d  
to  ex c lu d e  m alignancy.

See Aỉso the F ollow ing Articles

Duodenal O bstruction •  Duodenal u lcer •  Exocrine Pancreas 
•  Pancreatitis, Acute •  Pancreatitis, Chronic • Pancreatitis, 
Pediatric
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cholecystokinin A peptide h o rm o n e  p ro d u ccd  bv en d o cr in e  
c c lls  o f  the u p p er  sm a ll in te stin e . 

vasoactive intestinal peptide A p o lv p cp tid e  from the  
sm a ll in te stin e  vvith ca rd iovascu lar  an d  g a stro in testỉn a l  
effects .

Follow ing appropriate  stim ulation , the pancreas secretes 
a b icarbonate (H C 0 3 )-rich íluid that is derived largely 
from  duct cells. U nderstand ing  how the pancreatic ductaỉ 
epithelium  is able to  secrete H C O ị at a concentra tion  íive- 
to sixíold greaier than thai in plasm a is of in trinsic  inter- 
est. M oreover, it is  im portan t from a clinical view point: 
deĩects in ductal secretion  underlie the pancreatic pathol- 
ogy that characterizes cystic íìbrosis and perhaps certain  
forms of pancreatitis , w hereas 90% oí pancreatic cancers 
are of ductal origin.

IN T R O D U C T IO N

Pancreatic  ịuice is the  p ro d u c t o f 1W0 clistinct secre- 
tory processes: p ro te in  (cnzym<‘) s e ư c lio n  and  electro- 
lyte secretion . E nzym es are secreted  bv exocytosis. 
E lectro ly te secretion  is achieved hy ihc vcctorial trans- 
po ri o f ions across the  secretorv  ep ithc lium  accom pa- 
n ied  by w ater in iso ton ic  p ropo rtions. T he m ost 
s ign iíìcan t of these ions is b icarbonaie  (HCO-V). Hach 
day, these two secre to ry  p rocesses rcsu lt in thc h u m an  
pancreas delivering  6 —20  g oí digcstive enzym es to 
the d u o d en u m  in  app rox im ate ly  2.5 liters o f H C O 3 - 
rich  fluid. A lthough  the  roỉe o f pancreatic  enzym es 
is defined, tha t o f pancrea tic  H C O 3 secre tion  is less 
precise. C learly, the  ílu id  acts as a vehicle for tran sp o rt-  
ing enzym es to the d u o d en u m  w here the H C O :3_ n e u " 
tralizes gastric acid. P ancreatic  HCOV m av also aid  
d isaggregation  o í secreteđ  enzym es follow ing the ir 
exocytosis.

PA TTER N S OF  
BIC A R BO N A TE SEC R ETIO N

T he regu la tion  of p an c rea tic  electro ly te secreũ o n  and 
the vo lum e and com p o silio n  of the secretecl íluid d iííe r

TABLE I Species-D ependent P atte rns of 
H C O 3 Secretion

Species Stimulus Volume

M axim um
[HCOvi

(mM)

Đ og, cat, and S pom aneous 0 {+) —
hu man + Secretin +4-+ + + 145

+  CCK + 60
+  Vagus + 7

Rat Spontaneous 4- 25
+  Secreiin -h-t- 70
+  CCK + + + 30
4- Vagus +  + )

G uinea pig Spontaneous + 95
+ Secretin + + + +  + 150
+  CCK + +  + 140
f  Vàgus + + + 120

Notc. This lable gives an idea o f the responsc to siim uli gi ve 01 
alone: poientiation oíien occurs vvhen stim uli are given together. Most 
data vverc obtained í rom studỉes on ariesthetized animals: quaniitative  
diffcrcnt.cs lìì.iy IKCUI' in conscious anim als, especially in the  rat, in  
vvhich sccrction is increased fìvefold in conscious aniraals. CCK, 
cholccystokinin.

considerab ly  ÍTom species to  specics (Table I). It is  
im p o rtam  to recognize these d iffe rences for tw o  
reasons: ( 1 ) observa tỉons m ade in  one ex p e rim en ta ỉ 
speci.es, especially  those involv ing  m o d e ls  o f d isease , 
can n o i be  assum ed to  be relevaní to  h u m an s; (2 ) a reg- 
u la to rv  or secretory  m echan ism  d o m in a n t in  one exper- 
im ental specics m ay be p resen t to  a sm all, p e rh a p s  
un recogn ized , ex ten t in hum ans w here  it co u ld  ac co u n t 
for othervvise inexp licab le  sy m p to m s a n d /o r  be ex- 
p lo red  therapeuũcally . The m ạjo r d ifferences and 
th e ir  relevance are as follows:

1 . In  all species, secre tin  evokes the sec re tio n  oí 
H C O ĩ-ric h  p an c rea tic  ju ice. H ow ever, the am o u n t 
of ílu id  that is secre ted  varies; an  especially  sm aìl 
am o u n t is secreted  in the ra t (ap p ro x im a tc lv  fivefold 
less ihan  thai in cat, p er g ram  o f tissue). D u rin g  
m axim al s tim u la tio n , H C O 3 c o n c en tra tio n  reaches



130 m m o l/lite r  o r  m o re  in  all sp ec ies  ex cep t the rat, 
in w h ich  7 0 m m o l/ l i te r  is a p p ro x im a te ly  the  m axi- 
n ium  value observed .

2. T here is a rec ip ro ca l re la tio n sh ip  betvveen ịu ice 
H C O ị an d  Cl~ c o n c e n tra tio n s : as ílow  rate  increases, 
so does H C O 3 c o n c e n tra tio n , w ith  a co rre sp o n d in g  
red u c tio n  in  C l_ co n c e n tra tio n . T h is recip rocal 
re la tio n sh ip  re su lts  from  a flow  ra te -d e p en d e n t 
loss o f H C O 3 írom  the  p rim a ry  s e c re tio n  in  exchange 
for C1 as th e  íluicl passes d o w n  the  d u c ta l tree.

3. The effeci o f ch o lec y s to k in in  (C C K ) o n  ílu id  secre- 
tion  is very  variab le . In  ra t, it evokes a rela tive lv  large 
voỉum e of C P - r ic h  ílu id  th a t is se c re te d  by ac inar 
cells. In gu inea  p íg , i t  evokes a HCC>3 -rich  íluid. 
S tudies on  d u c t se g m en ts  iso la ted  íro m  gu inea  pig 
p an creas in d ica te  th a i the  d u c ts  a re  a so u rce  of th is 
secretion , b u t do  n o t ex c lu d e  an  ac in a r  co m p o n en t. 
In o th e r  species, the  effect o f CCK  lies som ew here  
be tw een  these tw o ex trem es. W h e re  CC K  is a w eak 
slim u la n t oí H C O 3 se c re lio n , it u su a lly  p o ten tia tes  
the ac tio n  o f secretin .

4. The in ílu en ce  of vagal s tim u la iio n  is a lso  com plex . In 
som e spec ies, m u sc a rin ic  c h o lin o c e p to r  activation  
evokes H C O 3 se c re tio n . In som e specics (no tab ly  
pig an d  g u in ea  p ig ), vagal s tim u la ỉio n  evokes a 
cop ious H C O 3 -rich  se c re tio n  b ecau se  in  ihese 
species the vagus nerves co n ta in  m an y  V lPergic 
n eu ro n s  an d  the  vasoac tive in te s tin a l p ep tid e  re- 
lcascd from  these  n e u ro n s  ac ts  in  a m a n n e r  s im ilar 
to sccre tin .

In a d d itio n  to th ese  c lassica l s tim u la to ry  m echa- 
nism s, m an y  o th e r  c a n d id a te  s tim u la to ry  a n d  in h ib ito ry  
co n tro l m e c h a n ism s  u n d o u b te d ly  in ílu en c c  pancrea tic  
H C O 3 s e c re tio n  to a g rea te r o r le sse r ex tern .

O R IG IN  O F  
B IC A R B O N A T E  S E C R E T IO N

Studies o n  isolated pancreatic  d u c t segm ents conR rm  the 
generally h e ld  view, first p roposed  50 ycars ago, that pan- 
creatic d u c t cells are the p rincipal site o f H C O 3 secretion, 
vvithout necessarily  exc lud ing  a possib le contribu tion  
from  ac inar cells. G iven tha t d u c t cells constitu te  approx- 
im ately 5% of g land mass, if  all pancreatic  fluid secretion 
w as dcrived  from  cluct cells, they  w ouìd  secrete their ow n 
volum e o f ílu id  in  approx im ate ly  2 m in. T his assum es that 
all clưct cells co n trib u te  equally  to secretion . However, 
there is som e evidence tha t the te rm inal duct cells 
(cen troacinar cells) and  sm all ducts co n trib u te  d ispropor- 
tionately to secrction , in  w h ich  case the ílu id  secretory  rate 
in  that region is even íaster.

M E C H A N ISM  OF D U C T A L  
B IC A R B O N A T E  SE C R E T IO N

T he “text.book” m odel o f H C O 3 secre tion  bv pancrea- 
tic d u c ts  has the fo llow ing com ponen ls : ( 1 ) genera- 
tio n  of in trace llu la r H C O J by the  h y d ra tio n  of 
C O 2 u n d e r  the  in ílu en c e  o f ca rbon ic  anhydrase; (2) 
cx tru s io n  from  the cell o f the residua l p ro to n s  by 
m eans o f a N a ^ /H + ex ch an g e r in  the baso la tera l m em - 
b ran e ; (3) secre tio n  of H C O 3 across the apical (lu- 
m enal) m em b ran e  in  exchange for Cl~ 011 an an ion  
e x ch an g e r w o rk in g  in  para lỉe l w ith  an  an io n  channel 
th a t allow s en try  of C l~ in  to ihe lum en. T h is lum enal 
a n io n  channel is usually  reg a rd ed  as being  the cystic 
íìb rosis tran sm em b ran e  c o n d u c ta n ce  reg u la to r p ro te in 
(C FTR ).

T his m odel arose  from  early  s tu d ies  o n  p eríu sed  
w ho le  g lands an d , m ore  recen tly  (and  m ore im por- 
tan tly ), from  ex p e rim en ts  on iso lated  d u c t segm ents 
from  ra t pancreas. A lth o u g h  the  m ode l can  successíu lly  
g en e ra te  the H C O 3 c o n c en tra tio n s  observed  in  the rat 
(i.e ., ap p ro x im ate ly  70 m m o l/lite r ) , on  th e rm odynam ic  
g ro u n d s  it seem s m o st u n lik e ly  to be able to generate  the 
h ig h e r co n c cn tra tio n s  (up  to 1 5 0 m m o l/li te r )  seen  in  
o th e r  species. H ow ever, rcc en t o bse rva tions have 
suggested  a n u n ìb e r  oí m o d iiìca tio n s to the m odel, 
w h ich  h e lp  lo ex p la in  how  ihe d u c ts  o f these species 
ach ieve su c h  h igh  secre to ry  H C O 3 con cen tra tio n s.

At the b aso la te ra l m em b ran e , the  s ilu a tio n  is rela- 
tively  clear. A lth o u g h  the  N a+/H + exchanger m ay be 
invo lved  lo a sm all ex tern  in  H C O 3 a ccu m u la tio n  across 
th e  baso lateral m e m b ran e , experirnen ta l stud ies on  d u ct 
segm en ts iso la ted  from  gu inea p ig  p ancreas show  th a t it 
is ìargely  ach ieved  by a N a+ — H C O 3 co -tran sp o rte r 
(NBC) located  in  th is  m em brane . F u rth e rm o re , the elec- 
tro g en ic ity  o f th e  NBC co n trib u te s  to  the d riv ing  force 
for H C O 3 se c re tio n  ac ross the  lu m en al m em brane. Im- 
m u n o h is to ch e m ic a l s tu d ies  con íirm  tha t NBC is ex- 
p ressed  in  thc baso la te ra l m em b ran e  o f h u m a n  d u ct 
cells, Hovvever, s ince  NBC is also p re se n t in rat ducts, 
its  p resen ce  a lo n e  c a n n o t ac co u n t for the m u ch  h igher 
H C O J c o n c en tra tio n s  sec re ted  by the gu inea pỉg  
pancreas.

At the lu m e n a l m em b ran e , the  s itu a tio n  is less clear. 
A lth o u g h  sp o n ta n e o u s  se c re tio n  in  gu inea p ig  ducts 
involves an io n  exchange across the lum enal m em brane 
(Fig. 1A), secre tin -ev o k ed  se c re tio n  can  o ccu r in  the 
n o m in a l absence  of lu m e n a l C l”  o r  w hen  the activity  
o f the a n io n  ex ch an g e r is b locked . F u rth e rm o re , raising 
the  lum enal H C O 3 co n c e n tra tio n  (as occurs d u rin g  
sec re tin  s tim u la tio n ) ac tua lly  in h ib its  lum enal an ion  
ex ch an g e r ac tiv ity , th e reb y  h e lp in g  to p rev en t the reab- 
so rp tio n  o f secre ted  H C O 3 . T h cre  m ust, the re ío re , be an



A  Basolateral Lumenal

B Basolateral Lumenal

F 1G U R E  1 H C O 3 secretion  in gu inea pig pancreatic cluci. 
(A ) D uring sp on tan eou s secretion , HCO} enters the lum en  by 
an ion  exchange w ith  C1_ , w h ich  recycles across the lum enal m em - 
brane Via the CFTR C l“ channel. (B) F ollow in g  SLimulatỉon vviih 
secrctin , Lhe aniơn cxchanger b ecom es inhibited hy the h igh  lu- 
menal HCO3 concenirationand HC0-J sccrciinn occurs mainiy by 
diffusion  ihrough  a lum enaì anion i hanncỉ, prohably CFTR. in 
b oth  situ aù on s, H C O 3 uptake across thi' basolatcral m cm brane is 
ach ieved  by N a * —H C O 3 co-transpori and, to a lcsser extern, 
through H + extrusion bv N a +/H + exchange (not shovvn). Boih  
p rocesses derive their energv from the invvard N a f gradicm  
m aintained  by the basolateral Na + ,K 1 -ATPasc*.

a lte rna tive  pathw ay for H C O 3 secretion  ac ross the lu- 
m enal m em brane u n d e r  these cond itions.

In  co n tra s t to its eííec t in rat ducts , secre tin  does noi 
greatly  depo larize  cells in  gu inea p ig  ducts; in stead  the 
m em brane  po ten tia l rem ain s al app rox im ate lv  —60 mV. 
T here ío re , even  at a lum enal H C O 3 c o n c en tra tio n  of 
125 m m o l/lite r  and  a cy top lasm ic  H C O 3 c o n c en tra tio n  
ca lcu la ted  to be 20  m m o l/lite r , th e  e lec trochem ica l gra- 
d ie n t for H C O 3 w ou ld  favor d iffusion  írom  the cell to 
the lum en  via an  an io n  channel. F u rth e rin o re , u n d cr 
these  co n d itio n s in trace llu la r C1 dips to verv  low  val- 
ues (app rox im atelv  7 m m o l/lite r) , C onsequen tly , a 
H C O 3 -rich secretion  is íavored  by thc lack  of d riv ing

force for C1 prov ided  tha t the an io n  co n d u c tan ce  a t 
the lum enal m em brane  also co n d u c ts  H C O 3 (Fig. 1B). 
W h e th e r CFTR o r an o th er an io n  co n d u c ta n ce  p ro v id es 
such  a pathvvay íor H C O 3 rem ain s to be clarified.

In o th e r  vvords, gi ven a large en o u g h  H C O 3 co n d u c- 
tance at the lum enal m em brane and  a low  in tra ce llu la r  
C l_ co n cen tra tio n , there m ay be no  n eed  to invoke any  
o th e r  m em brane tran sp o rt p ro te in  in  the lum enal m em - 
brane to explain  the high H C O 3 c o n c en tra tio n  o b served  
in p ancreatic  ju ice írom  the g u inea  pig. If so, w h a t is tru e  
for the gu inea pig m ay p resum ab ly  be tru e  of o th e r  
species, in c lu d in g  hum ans, tha i show  a sim ilar p a tte rn  
of H C O 3 secretion .

F inally, vvhy does the ra t n o t achieve su ch  h ig h  
H C O 3 concen tra tions?  The answ er m ay lie in the 
baso laterạl ra th e r  than  the ỉu m en al m em brane. In ra t 
(and  m ouse) d u cts , íluid secretion  can  be in h ib ited  by 
bum etan ide. It th u s  seem s likely  tha t a N a+ —K f —2C1 
co -tran sp o rte r is p resen t on  th e  baso la tera l m em b ran e  
of these species, w h ich  acts to increase  in trace llu la r Cl~ 
co n cen tra tio n . As a resu lt, th e re  are d riv in g  íorces for 
b o th  C1 and  H C O 3 secre tion  via the lum enal an io n  
conductance . T his causes the p ro d u c tio n  of a secre tion  
co n ta in in g  com parab le  c o n c en tra tio n s  of the two an- 
ions. T he absence o r inactiv ity  o f th is  co -tran sp o rte r  
in the gu inea pig (and  o th e r species?) ensures th a t 
ihe secretiọn  is H C 0 3 -rich.

See A lso the FoIlowing Articles

C h olccystok in in  (CC K ) •  Pancreatic E nzym c Sccrction  
(P hysio logy) •  Secre lin  •  V asoactive In testinal Peptide (VIP)
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C A  1 9 - 9  W id e ly  u sed  se ru m  m ark er for p a n crea tic  cancer;  
has limited specificity because it is also expressed in 
oiher malignancies as well as in  pancreatitis, hcpatitis, 
and biỉiary obstruction.

Chemical splanehniccctomy Chcmical b ỉo c k a g e  of the celiac 
nerve pỉexus, períormed either intraoper.ati.velv or 
percutaneously, in order to palliate pain associated with 
pancreatic adenocarcinoma. 

double duct sign Dilation of the disial pancreatic and 
common bile ducts, with proximal stricturing of both 
struciures evident on enđoscopic retrograde cholangio- 
pancreatography and highly suggestive of adenocar- 
cinoma affecting the heacl of the pancreas. 

en d o sco p ic  u ltrasonography lm aging technique w herebv an 
uỉirasound probe atiached to an endoscope is used to 
asscss structures through the gastric and duodenal wall. 

gem citabine Chemotherapeutic agent and poteni 
radiosensitizer thai has recently been adcỉed lo the 
muỈLimodality treatm ent regim en for pancreatic adeno- 
carcinoma.

hereditary pan crea iitis  A utosom al cỉom inant trait, lead ing to 
reeurrem acute pancreatiiis and a 40-íoỉd increased risk 
1)1 pancrcatic adenocarcinoma.

K-ras Oncogene; the mutated íorm is íound in over 90% of 
pancreatic cancers. 

laparoscopic stagỉng Minimally invasive means of cvalua- 
ting the rescctability of pancreatic adenocarcinoma by 
visua]ization through a tube inserted into the abdomen. 

neoadịuvanl therapy Strategy of preoperative administration 
of chemoradiation aimed at increasing the number of 
paiienls ablc to complete multimodality therapy. 

palliation Treatmeni of symptoms such as abdominal pain to 
optimize quality of life, limit morbiđity, and incrẹase 
survival.

pancreatic in traep ithelia l n eo p la sia  Areas o f íocal 
ductal proliíeration adjacent to iníìltraũng pancreatic 
cancers that may be precursor lesions to pancreatic 
adenocarcinoma. 

pancreaticoduodenectomy Surgical excision of the heacl and 
u n c in a te  p r o c e s s  o f  the p a n crea s  b y  en  b lo c  r e se c t io n  o f  
the distal stomach and duodenum  to the ligament of 
Treitz, com mon bile duct, and head of the pancreas. Also 
known as a W hipple procedure.

P ancreatic adenocarcinom a is one of the dead liest know n 
h um an  m alignancies, w ith  an overall 5-year survival rate 
o f less than  5%. Among g as tro in tes tin a l m alignancies,

pancreatic  adenocarcinom a is second to colorectal cancer 
in term s o f incidence in the U nited States, w ith 30 ,300 
estim ated  new  cases in 2002. Pancreatic cancer dea th s in 
the U nited  S tates in 2002 w ere estim ated  to approach 
29 ,700 , m ak ing  pancreatic cancer the fifth m ost com m on 
cause oí cancer-related  m ortality . Delayed diagnosis, rel- 
ative chem otherapy  and radiation  resistance, and an in- 
trinsic  biologic aggressiveness all con tribu te to the 
abysm al p rognosis  associated w ith pancreatic adeno- 
carcinom a. The risk  oí pancreatic adenocarcinom a is 
tw ice as great in  m en com pared to w om en, and A írican 
A m ericans as w ell a s ja p a n e se  A m ericans have a higher 
incidence eom pared  to o ther ethnic groups, suggesting an 
as-yet u n d eterm in ed  speciíìc genetic or environm ental 
associa tìon .

E PID E M IO LO G Y

M any risk  íacto rs for pancrea tic  ad en o ca rc in o m a 
have b cen  iden tified , w ith  cigarette  sm ok ing  having  
the s tro n g cs t overaĩl associa tion  and th o u g h t to 
a c c o u n t for o n e -q u a rte r  of all p a tien ts  d iagnosed . 
T his m ay  also  in  p a r t  exp la in  the g rea ter n u m b e r of 
m en d ia g n o sed  w ith  p an crea tic  adenocarc inom a. T he 
m ech an ism  believed  to be responsib le  for the associa- 
tiọ n  b e tw een  c igarette  sm o k in g  an d  p an c rea tic  
can ce r invo lves the N -n itro so  c o m p o u n d s  p re se n t in 
c igarette  sm oke. E xposure  to these agents leads to 
p an c rea tic  cluctal hỵperp lasia , a possib le p re c u rso r  to 
ad e no  c a r  c ino  m a .

O th e r  íac to rs  associa ted  w ith  inc reased  risk  of p an - 
crea tic  a d e n o ca rc in o m a  inc lude  sa tu ra te d  fat in take, 
ex p o su re  to  n o n c h lo rin a te d  so lven ts, an d  the pestic ide  
d ic h lo ro d ip h e n y l tr ic h lo ro e th an e  (D D T), a lth o u g h  the 
ovcrall c o n tr ib u tio n  of these is likely  sm all. T he risk  of 
p an c rea tic  ad e n o ca rc in o m a in c reases  w ith  age, w ith  
m o st p a tie n ts  d iag n o sed  betvveen 60 and  80 years old. 
S tud ies e x a m in in g  the risk b e tw een  alcohol co n su m p - 
tio n  a n d  p an c rea tic  ad en o ca rc in o m a are equivocal, ex- 
cep t in  th e  case of heavy a lcoho l use lead ing  to ch ro n ic  
p an c rea titis . C h ro n ic  p an c rea titis  clearly  increases the 
risk  o f p a n c re a tic  ad en o ca rc in o m a , a lth o u g h  the  d irec t 
o r in d ire c t ro lc of a lcohoỉ is n o t yet deíìned.



su p p o rtin g  the h v p o lh cs is  th a t they  are  p re c u rso r  le- 
sions. T heré  ap p ears  to  be a step -w ise  ac cu m u la tio n  
of speciíìc  genetic  a l te ra tio n s  in the c o n tin u u m  from  
n o rm a l tissue to  in filtra tin g  ca rc in o m a , w ith  m u ta tio n s  
in  K-ras an d  H er-2 /n eu  o c c u rrin g  in lo w -g rad e  lesions, 
m u ta tio n s  in  p l 6 p rese n t in  in te rm ed ia te -g rad e  lesions, 
a n d  p53 , D PC 4, an d  BRCA2 m u ta tio n s  p re se n t in  h igh- 
g rad e  lesions. A lth o u g h  the P rogressive  ac cu m u la tio n  of 
gen e tic  a lte ra tio n s has been  iclentiíìed, som e co n tro - 
versy  rem ains as to  vvhether these  le sions o rig in a te  
íro m  fullv d iffe ren tia ted  d u c t cells o r m e tap las tic  con- 
versio n  of e ith e r  islet o r ac in a r to d u c ta l cells.

C L IN IC A L  P R E S E N T A T IO N

T h e  early  sy m p to m s asso c ia ted  w ith  p an c re a tic  adeno - 
ca rc in o m a are non sp eciíìc  an d  ih e re ío re  p a tie n ts  ơ íten  
de  lay seek ing  m edical at te n tio n  u n til  the  d isease is ad- 
vanced . A co m m o n  p re se n tin g  sy m p to m , p re se n t in  
o v e r  90% o f p a tien ts  w ith  p an c rea tic  can cer, is cachex ia , 
w h ic h  usually  p reced es  a d iag n o sis  o f p an c rea tic  ade- 
n o ca rc in o m a  by  m any  m o n th s . A m a jo r  c o n tr ib u to r  to 
ev en tu a l m orta lity , cach ex ia  is d u e  to w eigh t loss from  
local o b stru c tiv e  íac to rs  cau sin g  nau sea , v o m itin g , and  
an o rcx ia  as well as to  c lab o ra tio n  o f tu m o r íac to rs  su ch  
as tu m o r necro sis  fac to r ot (TNFcx) an d  cy to k in es  such  
as in te ríe ro n  a  (IF N a).

A bdom inal pa in  is re p o rtcd  at p re se n ta tio n  in 
7 5 —00% o f  p a tien ts  w ith  p an c rea tic  can cer. The pain  
is believed to  be  cau sed  by co m p re ss io n  of, o r  invasion  
in to , p e rin e u ra l and  sp la n ch n ic  n eu ro n a l s lru c tu re s  as 
w elỉ as c o n tig u o u s  o rg an s  an d  the  re tro p e r ito n e u m . 
Because o f  the  p ro x im ity  of the  co m ra o n  bile d u c t 
an d  d u o d e n u m  to the  pancreas , tu m o rs  loca led  in  the 
head  of th e  o rg an  m ay  g row  an d  co m p re ss  these s tru c - 
tu res. Bile d u c t c o m p re ss io n  leads to  o b stru c tiv e  
ịaư nd ice  in  7 0 —85%  o f p a ticn ts  w ith  p an c rea tic  h ead  
lesions. C o m p re ss io n  o f  the  d u o d e n u in  leads to  delayed  
g as tric  em p ty in g  an d  early  sa tie ty , c o n tr ib u tin g  to n au - 
sea and  v om iting , w h ich  is in itia lly  p re se n t in  3 5 —45%  of 
p a tien ts . U p  to  5% o f p a tien ts  p rese n t w ith  ad v an ced  
tu m o rs  cau sin g  co m p le te  d u o d e n a l o b s tru c tio n .

T he o n se t o f d ia b e te s  m e llitu s  is also  asso c ia ted  w ith  
p an c rea tic  a d e n o c a rc in o m a , w ith  10 - 1 5 %  o f p a ù e n ts  
d ev e lo p in g  g lu c o se  in to le ran c e  6 —1 2  m o n th s  p r io r  to 
c a n ce r d iagnosis. T he o n se t o f d iab e te s  ap p ears  to  be 
d u e  to  tu m o r e la b o ra tio n  o f a yet u n d e fm e d  íac to r th a t 
s tim ụ la tes  isle t cells to  secrete  the p ro d iab e tic  po lypep - 
ticle am ylin. A m ylin  levels are  h ig h e r  in  p a tien ts  w ith  
p an c rea tic  ad e n o c a rc in o m a  co m p ared  to p a tie n ts  w ith  
cliabetes an d  o th c r  g as tro in te s tin a l m alignancies, and  
se rum  am ylin  levels an d  in su lin  res is tan ce  aba te  a íte r 
tu m o r  resection .

D IA G N O S IS  A N D  ST A G IN G

A lthough  the co n s te lla tio n  of sym ptom s of abdom inal 
pain , w eigh t loss, nausea , vom iting , and o b stru c tiv e  
ja u n d ic e  is h igh ly  suggestive of pancrea tic  m alignancy , 
o th e r  processes th a t can  m im ic these sym ptom s m u st 
also  be considered . B cnign b iliary  s tric tu res  an d  com - 
m o n  bile d u c t stones as w ell as ca rc inom a of the bile 
d u c ts  o r ga llb lad d er can  cause these sym ptom s, as can 
am p u lla ry  and  d u o d en a l tum ors . The possib le d iagnosis 
o f pan c rea tic  cancer is often  p ro p o sed  d u rin g  thc evai- 
u a tio n  of obstructive  ja u n d ic e  by tran sab d o m ỉn a l u ltra - 
so n o g rap h ic  im aging. Because of m u ltip le  variab les, 
in c lu d in g  skill o f the ex am in e r, p a tien t h ab itu s , and  
overly ing  loops of gas-filled bow el lim iting  com plete  
im aging, the sensitiv ity  o f  transabdom ina l u ltra so u n d  
for d iagnosing  p an c rea tic  cancer has ranged  from  44  to 
94%  in d iffe ren t s tud ies. Even w ith  op tim al resu lts , 
tran sab d o m in a l u ltra so u n d  is n o t able to stage p a ticn ts  
o r d e te rm in e  resectab lity , ihus it m u st alvvays be accom - 
pan ied  by an o th e r  im ag ing  m odality .

O nce a d iagnosis  o f p an c rea tic  cancer is su spec ted , 
th e  m oda lity  o f cho ice For co n íìrm atio n  is a helical com - 
p u te d  to m ography  (C T ) scan  o ĩ the  ab d o m en  w ith  dual- 
ph ase  scan  acqu isition . D ual-phase scans, acq u ired  
d u rin g  b o th  the a rie ria l and  the po rta l phases, a llow  
for p an crea tic  p a ren ch y m al an d  a rte ria l en h a n ce m e n t 
d u r in g  the  íb rm er phase , and  hep a tic  p a renchym al as 
well as p e rip a n c rea tic  ven o u s en h a n ce m e n t d u r in g  the 
la ter ph ase  (Fig. 2). E n h an cem en t o f the pancrea tic  
p a re n ch y m a allovvs for d e tec tio n  of sm all, hypodensc

FIG Ư RE 2  Dual-phase Computer tomography scan of a patient 
with a mass in the head of the pancreas (arrow) representing an 
adenocarci no ma.



carcinom as as w e ll as arterial involvem ent by the lum or, 
w hich  d irectly  affects resectabilily  and possible cure. 
T u m o r invo lvem ent o f venous vcsscỉs and liver m etas- 
tasis are  delinea ted  d u r in g  tho porial phase. The sensi- 
tivity  o f helical CT sc an n in g  to  cìetect lesions greater 
th a n  2 em  in  d ia m ete r  is approx im ate lv  89% , decreasing  
to app rox im ate ly  71% for lesions less than  2 c m  in 
d iam eter, w ith  an  overall diagnostic accuracv of 97% 
fo r pancrcatic  adenocarc inom a.

Besides p rov id ing  a d iagnosis, CT scann ing  is useíu l 
to  de te rm in e  resectab ility  o f the tum or. The criteria  
for resectab ility  in c lu d e  absence of ex trapancrea tic  
disease, the absence of tu m o r cx tension 10 the su p e rio r 
m esen teric  arte ry  and  celiac axis, and a pa ten t su p e rio r  
m e sen te ric—p o rta l vein  coníluence. The accuracy  o f CT 
for p red ic tin g  u n resec tab ility  approaches 1 0 0 %, b u t the 
accu racy  for p red ic tin g  resectahilitv  is only  approx i- 
m ately  30% du e  to  th e  lim ited  ability to detec t sm all 
m etastases to thc su ríace  of the liver. periio n cu m , lvm ph 
nodes , an d  p erip an crea iic  SOÍI tissue.

O th e r  m odalities m ay be used to b e tte r deíine 
resectab ility  p rio r to laparo tom y. H ow cver, m agnetic 
reso n an ce  im aging  (MR1) and  m agnetic resonance 
ch o lan g io p an crea to g rap h y  (MRC.P) offer no  d iagnostic  
advantage over CT, h av ing  an accuracy of 9 0 —100% in 
several sm all series. T he only  role for m agnetic reso- 
nancc  im aging in  eva lua ting  for p o ten ú al pancreatic  
m alignancy  is in p a ticn is  allerg ií 10 ihe iodinatecỉ con- 
trast m aterỉa l used  for CT iniagin#, becau.se the co n tra s t 
agent usecl, g ad o lin iu m , is associated vvith a lesser in- 
c idence  of severc allcrg ic rcactions. P o sitro n  cm ission  
to m o g rap h y  (P E T )sc a n n in g w u h  íluodeoxvglucose F 18 
offers p rom ise  for d e lin ea tin g  in llam m atory  from  neo- 
p lastic  pancrea tic  p rocesses, a lihough  cxperience is lim - 
ite d  an d  data  are unavailab lc for assessing overall 
accuracy.

E ndoscop ic  u ltra so n o g rap ìiv  ( tU S ) is h igh ly  sensi- 
tive for d iagnosing  pan c rea tic  cancer, vvith an  overall 
sensitiv ity  of ap p ro x im ate ly  93% w hen com bin ing  daia 
from  various s tud ies. EUS is particu larly  useful for 
d e tec tin g  sm all ( < 2 cm ) pancreatic  tu m o rs  tha t m ay 
n o t be w ell v isualized  by CT, as vvell as in  assessm ent 
of local vascu lar invo lvem ent. C om bin ing  E ư s  w ith  
fine n eed le  asp ira tio n  (FN A ) of the tu m o r increases 
the speciíicitv  o f E ư s  alone for d iagnosing pancreatic  
cancer.

ERCP allow s lo r v isua lizatum  of thc biliary and pan- 
creatic  ducta l s tru c tu re s  and  m ay hc useiul for diagnos- 
in g  the cause o f b iliary  obstruc tion  \vhen no m ass is 
ev iden t bv CT scan n in g , such  as in am pullary  tum ors 
o r cho lang iocarc inom a, and for diiTerentiating focal 
p an c rea titis  from  neop lasm . D ilaiion 01 the d istal pan - 
creatic  and  co m m o n  bile đucls \vith proxim al

str ic tu rin g  of b o th  s tru c tu re s , the "doub le  d u c t s ig n ,” 
is h igh lv  suggestive of ad e n o ca rc in o m a  affec ting  the  
head  o f the pancreas (Fig. 3). Data  su m m arize d  from  
ló s tu d ie s s u g g e s t tha t ERCP h a sa  sen s itiv ity  o f9 2 % a n d  
a s p e đ ik i ty  o f 96%  for d iag n o sìn g  p an c re a tic  cancer. 
Bile a sp ira tio n  for cy to log ic  ev a lu a tio n  an d  tis su e  sam - 
p lin g  bv  b iopsy  and  d u c ta l b ru sh in g  can  also be per- 
form ed a t the  tim e o f ERCP. Biliary d e c o m p ress io n  can 
also be ach ieved  a t ERCP if  a tu m o r has b een  deem ed  
un resectab le  o r if a p a tien t w ith  sy m p to m atic  b iliary  
o b s tru c tio n  w ill have a delay  p r io r  to  resec tion . M ultip ỉe  
stud ies have failed to sh o w  a b en e íìt from  ro u tin e  pre- 
opera tivc  b iliarv  d eco m p ress io n , an d  som e stu d ies  have 
show n in c reased  o p era tiv e  m o rb id ity  re la ted  to  iníec- 
tio u s com plications.

In ad d itio n  to rad io g rap h ic  an d  e n d o sco p ic  assess- 
m en t, laparoscopy  has been  p ro p o se d  as an  accu ra te  
m eans o f eva lua tion  for resec tab ility  p r io r  to  laparo t- 
om y. E valuation  begins w iih  a th o ro u g h  in sp ec tio n  of 
the  ab d o m en , in c lu d in g  the  liver an d  p e rito n ea l sur- 
faces. Any su sp ic io u s n o d u le s  sh o u ld  be b io p sied  for 
h isto log ical assessm en t. M etastatic  d isease n o i identi- 
fied by sp ira l CT can  be d e tec ted  in  as m an y  as 30% of 
p a tien is  u n d erg o in g  laparoscop ic  s tag in g  o f pancrea tic  
cancer. T he a d d itio n  o flap a ro sco p ic  u ltra so n o g ra p h y  to 
eva lua te for in tra h cp a tic  an d  ly inph  n o d e  m etastasis  as 
well as u n rec o g n ize d  v ascu la r in v asio n  m ay íu r th e r  alter 
the m anagem en t o f ad d itio n a l p a tien ts .

Because o f the  lin iita tio n s  o f d e ie c tin g  very  eariy 
pancrea iic  cancers , d ev e lo p m en t of a b io log ica l m arker 
th a t cou ld  d c tec t these  early  lesions m ay tran s la te  into

FIG ƯRE 3  The “double duct sign.” Hndoscopic retrograce 
choỉangiopancreatography of a paticnt w ith adenocarcinoma )f 
the head o í the pancreas reveals that both ihe com mon bile dirt 
(arrow) and the pancreatic cluci (arrovvhcad) are compressed ty 
the tumor.



decreased  m orta lity . A lth o u g h  tnany  tu m o r m arkers 
have been  investiga ted , c u rre n tly  n o n e  ex is ts  w ũ h  a o  
cep tab le speciR city e ith e r  fo r co n íirm a tio n  o f p ancrea tic  
ad en o ca rc in o m a in  eq u iv o ca l cases o r  for rou tine  
screening .

CA 19-9 is p resen tlv  the  m o st w idely  u sed  serum  
m a rk e r for p an c rea tíc  can ce r. CA 19-9 is a sia ly la ted  
Lewisa an tigen  associatecỉ w ith  c irc u ỉa tin g  m u c in s  and 
is expressed  in  norm al p an c rea tic , b iliary , a n d  gastric 
ep ithelia l cells. A lthough  it ts m o st íreq u e n tly  elevated  
in  pancreatic  ad e n o ca rc in o m a , it m ay  also be exp ressed  
in  biliary, gastric, an d  co lo n ic  m alig n an cies  as w ell as in 
acu te  an d  ch ro n ic  p a n c rea titis , h ep a titis , a n d  biliary  
obstru c tio n . M arked  e lev a tio n s are fo u n d  in  acu te 
cho lang itis a n d  h ep a tic  c irrh o sis . T h e  re p o r te d  sensitiv - 
itie s  and speciB cities o f  CA 19-9 for d ia g n o sin g  pancre- 
a tic  adenocarc inom a are  re la ted  to  the  se ru m  c u to ff  level 
selected . A cu to ff o f 1 5 ư /m l p ro d u c e s  a sensitiv ity  
o f 92%  an d  a spec iíìc ity  o f 60% , w h ereas  a cu to ff of 
1000 ư /m l y ie lds a sensitiv ity  o f 40%  a n d  a speciR city  
o f 99%. W h e n  u s in g  th e  u su a l cu to ff o f 37 u /m l,  com - 
b in ed  s tu d ies  have shovvn a sensitiv ity  o f 8 1 —85%  an d  a 
speciíìcity  o f 8 1 —90%.

C arc ineoem bryon ic  an tig en  (C EA ) is com m only  
u sed  as a se ru m  m a rk e r for co lo n  cancer. It has been  
investiga ted  as a m a rk e r for p an c rea tic  ad e n o ca rc in o m a , 
b u t its sensitiv ity  an d  sp ec iíìc ity  from  co m b in ed  s tud ies  
is 58 and  75% , respectively . A h ig h e r d iag n o stic  accu- 
racy  of 83% is observed  w h e n  m easu rin g  CEA levels in  
p ancreatic  ju ic e  ra th e r  th an  in  sc rum . T he oncogene 
K -ra s is m u ta te d  in  m o re  th an  90%  o f p a n c rea tic  adeno- 
ca rcinom as an d  can  be d e iec ted  in  th e  p an c rea tic  ju ice  
from  55 —77%  of these  p a tien ts . S everal re p o r ts  re tro - 
spectively ex a m in in g  p an c rea tic  ju ic e  sp ec im en s  from  
p atien ts  su b seq u en tly  d iag n o sed  w ith  p an c rea tic  adeno - 
carcinom a have suggested  th a t sc re en in g  for K-ras m u- 
ta tions m ay be e ííec tive  for the  early  d e te c tio n  of 
p ancreatic  can ce r, b u t the  u tility  o f th is  is lim ited  by 
the finding th a t K-ras m u ta tio n s  are also  p re se n t in  som e 
cases of ch ro n ic  p an c rea titis . W h e th e r  K-ras m u ta tio n s  
in  the se ttin g  o f c h ro n ic  p an c rea titis  p re d ic t th o se  vvho 
are at inc reased  risk  ío r d ev e lo p in g  p an c rea tic  adeno- 
carcinom a is cu rre n tly  u n k n o w n .

In som e cases, even  afte r m u ìtip le  d ia g n o stic  m odal- 
ities have been  ap p lied , it is still im p o ssib le  to  differen- 
tia te  p an c rea tic  a d e n o ca rc in o m a  from  sorne o th e r 
inQ am m atory  p ro cess , o ften  c h ro n ic  p an c rea titis , p rio r 
to laparo tom y. In  these  in s tan ces , p a r tic u la r ly  w h en  a 
pancrea tic  m ass is id e n ũ íìe d  in  the  se ttin g  o f an tec ed e n t 
ch ro n ic  p an c rea titis , a tissue d iagnosis  is n o t necessary  
p rio r  to resection . A lth o u g h  th is  a p p ro a c h  risk s  over- 
trca ting  a ben ign  p ro cess , th e  g rea te r c o n c e rn  is u n d er- 
trca ting  a p o te n tia lly  cu ra b le  m alignancy .

SU R G IC A L  T R E A T M E N T

O nly  ap p ro x ím ate ly  20% of p ancrea tic  tu m o rs  are re- 
sectab le at the tim e of d iag n o sis  d u e  to  local vascu lar 
invasion  in 40%  of p a tien ts  an d  m etasta tic  d isease pres- 
en t in  40%. C u rren tly , the on ly  p o ten tia l cure for pan- 
c reatic  a d e n o ca rc in o m a  is su rg ica l resection . Because 
lesions o rig in a tin g  in  the  head  and  u n c in a te  p rocess 
o f the  p ancreas o b s tru c t the bile d u c t and  cause 
ịaund ice , they  te n d  to  p re se n t a t an  ea rlie r  stage an d  
have a h ig h e r resec tab ility  ra te  th a n  do cancers in  the tail 
an d  body. T he u n c o m m o n  lesion  in  the p ancrea tic  body  
o r ta il th a t is resec tab le  m ay be trea ted  by d ista l o r 
su b to ta l p an c rea tec to m y  an d  sp lenec tom y , w hereas 
pancrea tic  head  an d  u n c in a te  lesions are trea ted  by 
p an c rea tico d u o d en ec to m y .

A lthough  surv ival ra tes fo llow ing  p an c rea tico d u o - 
d en ec to m y  are a p p ro x im a te ly  25% a t 5 years w ith  
negative m arg in s o f  resec tio n , given the  low  p o sto p e r- 
ative m o rta lity  of 1 —4% an d  the chance íor cure , m ost 
p a tien ts  w ith  resec tab le  d isease an d  no  p ro h ib itiv e  
co m o rb id itie s  u n d e rg o  th is  opera tion . T he p ro ce d u re  
involves d iv is ion  of e ith e r  the d istal s tom ach , in  the 
classic W h ip p le  o p e ra tio n , o r the  p ro x im al d u o d e n u m
2 —3 cm  d ista l to the  p y lo ru s  in  the py lo ru s-p reserv in g  
m o d iíìca tio n , w ith  en  b loc  resec tio n  of the d istal com - 
m o n  b ile  d u c t an d  invo lved  p o r tio n  of the p an creas 
a long  w ith  the d u o d e n u m  to ihe ligam en t o f T reitz . 
R e co n stru c tio n  co n sis ts  o f  p an c rea tic , biliary, and  
e ith e r  gastro - o r d u o d e n o e n te ric  anastom oses, usually  
in  th a t an a to m ica l o rd er. T ypically , the p rox im al je ju -  
n u m  is used  to ree s tab lish  p a n c re a tic —en teric  co n tin u - 
ity, a l th o u g h  the  s to m ac h  is p re íe rre d  by so m e su rgeons, 
w ith  rough ly  eq u iv a len t resu lts.

Sevcral ìm p o r ta n t co n tro v e rs ies  su rro u n d  the tech- 
n ical aspec ts o f th is  o p era tio n . In W h ip p le ’s o rig ina l 
d esc rip tio n , the s to m ac h  w as tran sec ted  p rox im al to 
the a n tru m , w h ereas in  the p y lo ru s-p rese rv in g  m odiíì- 
ca tion , the d u o d e n u m  is tran sẽc ted  2 —3 cm  d istal to the 
py lo rus. T he m ore  ex tensive  gastric  resec tio n  was p er- 
fo rm ed  n o t on ly  o n  o n co log ic  g ro u n d s , b u t also to re- 
duce the acid  b u rd e n  and  su b se q u en t inc idence  of 
m arg inal u lce ra tio n . P y lo rus p re se rv a tio n  m ain ta in s  
n o rm al g as tro in te s tin a l physio logy , speciR cally in  
te rm s of ac id  p ro d u c tio n , gastric  rese rvo ir an d  em pty ing  
íu n c tio n s , an d  h o rm o n e  secretion . T he rates of early  
p o sto p e ra tiv e  de layed  gastric  em p ty in g  are sim ilar for 
the tvvo p ro c e d u re s , an d  p y lo ric  p rese rv a tio n  sh o rten s  
opera tive  tim e a n d  is asso c ia ted  w ith  no  adverse early  o r 
late sequelae.

T he ex ten t o í  p e rip a n c rea tic  d issec tion  is also 
the so u rce  o f som e co n tro v ersy . T he ex ten d ed  o r rad - 
ical p an c rea tic o d u o d e n e c to m y  en ta ils  en  b loc w ide



rc tro p e r ito n e a l ly m p h ad en ec io n iy  and  o íten  rcsection 
oí th e  su p e rio r  m e sen teric  v c in —portaì vein  coníluence 
a long  w ith  the  tu m o r. A rgum ents that íavor this ap- 
p ro ac h  c laim  im prove resectab ilitv  and  cu re rates, ỵet 
su ffic ien t d a ta  are c u rren tly  lack ing  to  m ake a íinal de- 
te rm in a tio n . A lth o u g h  opera tive  m orta liiy  ra tes associ- 
a ted  w ith  p an c rea tico d u o d en ec to m y  are typically 
1—4% , up  to  ha lf o f the p a tien ts  und erg o in g  th is oper- 
a tion  w ỉll ex p e rien ce  a com plication . A pproxim atelv  
30% o f p a tien ts  u n d e rg o in g  a pancreaticođuodenec- 
tom y w ill ex perience  delayecl gastric em pty ing , though  
to be re la ted  to  d ecreased  m o tilin  levels, rem oval of the 
d u o d e n a l p acem ak er and  d isru p tio n  o f gastroduodenal 
n e u ra l co n n ec tio n s. E ry th rom ycin , a m otilin  agonist, 
has b ee n  ío u n d  to  im prove gastric em p ty ing  of bo th  
so lid s and  liq u id s  w hen  ad m in is te red  in travenously  
d u r in g  the  p o sto p era tiv e  period .

P ancreatic  fistula re su lù n g  Irom  íailure of h e a lin g a t 
the p a n c re a tic —en te ric  anastom osis, w ith  subsequen t 
in tra p e rito n e a l leakage of p an c rea tic  secretions, can 
u su a lly  be m anaged  conservatively  ií there  is no evi- 
d ence o f ab d o m in a l sepsis. Iso lated  lỉuid collections 
sh o u ld  be d ra in e d , p e rcu tan eo u sỉy  if possib le, ancỉ the 
p a tie n t sh o u ld  have n u tr itiọ n  p rov ided  paren tera lly  and 
rem a in  vvithout o ra l in take. In traoperatively , a d ra in  is 
u su a lly  p laced  in the v icin ity  of the p an c rea tic—enteric  
a n a sto m o sis  and  sh o u ld  be m ain ta in ed  as the íistula 
is allowecỉ to heal.

In tra ab d o m in a l abscesses can resuli í rom  lcakage at 
the  p a n c re a tic —en te ric , gas tro en te ric , o r hepatico- 
e n ie ric  anastom oses. P a tien is w itli ev idence ơf system ic 
in ỉe c tio n  sh o u ld  be eva lua teđ  ío r an in traabdom ina l 
abscess and  th e  co llec tio n  sh o u ld  be d ra in ed , preíerab ly  
p e rc u tan e o u sly , w ith  the  in itia tio n  of ap p ro p ria te  anti- 
b io tics. In ad d itio n , h ep a tico en tc ric  anastom otic  leaks 
m ay req u ire  a tran sh ep a tic  c a th e te r  to allow  for ex ternal 
b iliary  d rainage.

P A L L IA T IO N  OF U N R E SE C T A B LE  
P A N C R E A T IC  A D E N O C A R C IN O M A

At the  tim e o f  d iagnosis, 80%  o f pa tien ts are n o t candi- 
dates for p o te n tia lly  cu ra tive  rcsection , n a rro w in g  their 
o p tio n s  to  m ed ica l p a llia tio n  for the p rim arv  disease 
and  tre a tm e n t o f specific com plica tions of pancreatic  
cancer. T he m ạ ịo rity  o í p a tien ỉs  d iagnosed  vviih pancre- 
atic  a d e n o ca rc in o m a  will expericnce onc o r m ore of its 
co m p lica tio n s, in c lu d in g  b ilia rv  o b slru eũ o n , gastric 
o u tìe t o b s tru c tio n , and  se Ví* re abcỉom inal pain. As 
w ell, vvith im p ro v em en ĩs  in d e tc rm in in g  preopera tive 
resectab ilitv  of p an c reá tic  cancer, ỉevver patien ts

u ndergo  cxp lo ra lo ry  lap aro to m y  d u rin g  w h ich  pallia- 
tive. p ro ced u res  are perío rm ed . Palliation  o í the  com pli- 
ca tions oí pancreatic  can ce r m ay be ach ieved  
nonsurg ica llv  in  m ost cases.

U p to 70% of p a tien ts  w ith  pancrea tic  can ce r w ill 
develop  obstructive  ja ụ n d ic e  an d  acco m p an y in g  
p ru ritis  w ith  an increased  risk  o f cholangitis. In  p a tien ts  
deem ed  unresectab le  in iraopera tive ly , a b i l ia ry —en teric  
bypass m ay be p e río rm ed  for deco m p ress io n . T he pre- 
íerrecl p ro ced u res  involve hepa tico - or cho ledo - 
co jejunoslom v; cho lecy sto en tero sto m y  is associa ted  
w ith  a rate of re c u rre n t ja u n d ic e  of 2 0 %. In  p a tien ts  
deem ed  unresectab le  w ho do  n o t u n d erg o  an o p era tio n , 
endoscop ic  or tran sh ep a tic  rad io g rap h ic  p lacem en t oi a 
b ìliary  sten t may be accom plished . R adiographically  
placecl transhepatic  ca th e ters  w ith  exclusive ex ternal 
b iliary  drainage result in  large íluid and e lec tro ly te  
losses and are less desirab le  for p a llia tio n  o f obsiruc tive  
ja u n d ic e  in pa tien ts  w ith  p an crea tic  cancer. This 
p ro ced u re  is reserved fo r p a tien ts  w ho íail in te rn a l 
endoscop ic  drainage. B iliary d eco m p ress io n  p rio r  to 
p lanned  reseciion  sh o u ld  be lim ited  to  cases w ith  severe 
sym ptom s of obstruc live  ja u n d ic e  in w hich  su rg ery  is 
delayeđ.

Gastric ou tle t o b s tru c tio n  from  d u o d en a l com pres- 
sion  will aíĩect up  to 25% of p a tien ts  w ith  pancreatic  
cancer and  may requ ire  su rg ica l gastric  bypass for pal- 
Liation. C on troversy  ex ists  as to  w h e th e r  pa tien ts 
deem ed unresectab le  at ex p lo ra io ry  lap aro to m y  sho u ld  
u n d erg o  a p rophy lac tic  g as tro en te ric  bypass. Propo- 
nen is cite the h ig h e r m o rta lity  rate , ap p ro a ch in g  25%, 
íor pa ticn ts req u irin g  a seco n d  o p era tio n  for p allia lion  
of gastric  ou ile t o b s tru c tio n  fo llow ing ex p lo ra to ry  lap- 
a ro tom v, as well as n o  in c rease  in  m o rta lity  w h en  gastric 
bypass is p e río rm ed  at the  in itia l o p era tion . Increased  
m orb id ity  associated  vvith gastric  bypass, m o st notably 
delayed gastric em pty ing , as w ell as inc rcased  hosp ital 
stay and  overestim ation  o f the need  for gastric bypass 
at the ti m e of ex p lo ra tio n  is c ited  by its o p p o n en ts . A 
co n ío ư n d in g  íac to r in  th e  d iscu ssio n  o f pancreatic  
cancer-re la ted  gastric o u tle t o b s tru c tio n  is vvhether 
com m on  sym ptom s of nausea  and  vom iting  re p re se r t  
gastroparesis  o r tru e  m echan ica l o b s tru c tio n . Clearlv, 
anv pa tien t w ith  rad iog raph ica lly  co n íìrm ed  gastnc 
ou tle t o b stru c tio n  associa ied  w ith  p an c reaũ c  adenocar- 
cinom a w ho is fit for su rgery  shou ld  u n d erg o  gastrc- 
en tero stom v , u sing  e ith e r  an  op en  or Ỉaparoscopỉc 
techn ique . L im ited  data are available regard ing  the 
use of endoscopically  d ep loyed  d u o d en a l s te n ts  i.1 
th is  se Lũng.

Severe. deb ilita tin g  abdom inal pain  and  ba CÁ 
pain  are a ỉreq u en t co m p lica tio n  oí p an c rea ii:



ad en o ca rc in o m a , o ften  re q u ir in g  s ig n iíican t analgesia 
for adequate  pallia tion . C hem ica l sp la n ch n icec to m y  
w ith  50% ethano l, p e río rm e d  e ith e r  at the tim e of 
ex p ỉo ra tio n  o r su b seq u en tly  th ro u g h  th e  p e rc u tan e o u s  
ro u te , has been show n  to  p a llia te  p a in  associa ted  
vvith pancreatic  ad e n o ca rc in o m a , a lth o u g h  its  d u ra tio n  
is lim ited . w h e n  p e ríb rm e d  in tra o p e ra tiv e ly , th is  pro- 
c e d u re  has no t b een  ac co m p an ie d  b y  in c reases  in  m or- 
b id ity , m orta lity , r e tu rn  to  oral in ta k e , o r len g th  of 
h o sp ita l stay.

T horacoscop ic  sp la n ch n e c to m y , u s in g  video- 
assis ted  tho racoscopy , tran sec ts  the  pain  íìbers in the 
p o s te rio r  m ed ias tin u m  as they  co u rse  ce p h a lad  th ro u g h  
th e  sym pathe tic  cha in . T he sh o r t- ie rm  efficacy is clear, 
w ith  99% of pa tien ts  re p o r tin g  ex ce llen t ana lgesia  and  
50%  rep o rtin g  a su s ta in e d  effect at 4 m o n th s . T his pro- 
c e d u re  does involve a g enera l an e s th e tic , a h o sp ita l stay, 
an d  an associa ted  risk  o f c o m p lic a tio n s  th a t o cc u r m ore 
o íle n  an d  are m ore severe co m p a re d  to chem ical 
sp lan ch n icec to m y . T he ro le  o f pa llia tive  rad io th erap y  
fo r pain  co n tro l has  b een  u sed , b u t has several lim ita- 
tio n s , in c lu d in g  ex ten d ed  le n g th  o f tim e for p a in  co n tro l 
to  be ach ieved  and  neecl for rep ea ted  h o sp ita l visits.

For the  80%  o f p a tie n ts  d ee m e d  u n rese c ta b le , pal- 
lia tive ch e m o rad ia tio n  has b ee n  show n  to inc rease  sur- 
v ival and possib ly  to red u ce  severity  o f p a in  com pared  
to  u n tre a te d  pa tien ts . In  1981, the G astro in testin a l 
T u m o r S tudy  G ro u p  (G ITSG ) p u b lish e d  resu lts  o f a 
trial in w h ic h  p a tien ts  su rg ica lly  staged  to  co n íìrm  un- 
rescc tab ility  and  no ev idence  o f  p e riio n e a l o r  liver me- 
tastases w ere ran d o m ized  to  receive  e ith e r  ex terna l 
beatn  rad ia tio n  alone o r ex te rn a l b eam  rad ia tio n  w ith  
5 -flu o ro u rac il (5 -F U ). P atien ts trea ted  w ith  chem ora- 
d ia tion  ía red  b e tte r  in  te rm s o f m ed ian  surv ival (49 
w eeks) th a n  d id  those  rece iv in g  ra d ia tio n  alone (22  
w eeks). O th e r  s tu d ie s  have con firm ed  the  b en e íìt o í 
m u ltim o d a lity  th e rap y  o ver e ith e r  rad io th e ra p y  o r  che- 
m o th e rap y  alone. In  a su b se q u e n t GITSG tria l, p a tien ts  
received  e ith e r  co m b in ed  s tre p to z o to c in , m ito m y cin  c, 
an d  5-FU (SM F) alone o r ra d io th e ra p y  w ith  5-FU 
ío llow ed by SMF. T he m e d ian  su rv iva l in  p a tien ts  re- 
ce iv ing  c h e in o ra d ia tio n  w as 42  w eeks, co m p ared  w ith  
32 vveeks in  those assigned  to  the ch e m o th e ra p y  alone 
g ro u p , and  1-year su rv ival w as 41%  in  the  ch em o rad ia - 
tio n  g roup  and  19% in the  SMF alone g ro u p .

A rec en t advance in  th e  c h e m o th e ra p e u tic  reg im en  
to  treat p an c rea tic  a d e n o ca rc in o m a  is the use of 
g em citab ine , a p o te n t rad io se n sitize r. G em citab ine 
h as  been  show n  to im p ro v e  su rv iva l w h e n  co m p ared  
10 5-FU. w ith  rep o rtc d  1- y ear su rv iva l ra te s  o f 18 and  
2%, respcctively . As w ell, g em citab in e  ap p e a rs  to con íer 
clin ical bene íìi in te rm s o f d ec reased  p a in  in ten sitv  and

analgesic  co n su m p tio n  w ith  im p ro v em en t in overa ll 
íư nc tiona l sta tus.

N E O A D JU V A N T  THERAPY

T he o b serva tion  that 2 5 —30% of p a tien ts  do  n o t receive 
ad ju v an t the rapv  fo llow ing  p an c rea tic  rese c tio n  due 
to  p ro lo n g ed  recovery , p erio p e ra tiv e  co m p lica tio n s, 
o r p a tien t re ĩusa l has led to the investiga tion  o f p reo p - 
era tive  ch e m o rad ia tio n . Besides inc reasing  the n u m b e r 
of p a tien ts  able to com plete  m u ltim o d a lity  th e rap y , neo- 
ad ju v an t th e rap y  has b een  s tu d ied  for its  ab ility  to con- 
veri locallv  un resec tab le  p ancrea tic  can ce r to resectab le  
d isease . O th e r  advan tages of th is  m oda lity  in c lu d e  m orc 
effective rad ia tio n  thẹ rapy  to w ell-oxygenated  cells n o t 
dev ascu larized  by su rgery , red u c in g  tu m o r d issem ina- 
tio n  d u r in g  su rg ica l m an ip u la tio n , an d  ta rge ting  re tro - 
p e rito n ea l m arg ỉns  o í exc ision  th a t m ay n o t be 
ad eq u a te ly  trea ted  surg ically . As w ell, p reo p e ra tiv e  
ch e m o rad ia tio n  w ould  allovv an  in te rval vvindow for 
res tag in g  p rio r  to  su rg ica l resec tio n  so  th a t p rev iously  
o cc u lt m etas ta tic  disease co u ld  be d e tec ted , th u s  sav ing  
p a tien ts  an  unnecessary  laparo tom y. T he u til ity  o f th is  
ap p ro a ch  is cu rren tly  u n d e r  in tense  investiga tion .

A D JU V A N T  THERAPY FO R RESEC TA BLE  
P A N C R E A T IC  A D E N O C A R C IN O M A

T he basis for ad juvan t the rapy  fo llow ing su rg ica l resec- 
tio n  vvith negative m arg ins com es from  a GITSG stu d y  
th a i show ed  a rnedian  surv ival nearly  tw ice as long  for 
p a tie n ts  trca ted  postopera tive ly  w ith  rad ia tio n  an d  
c o n c u rre n t 5-FU  co m p ared  to those  ran d o m ized  to 
o b se rv a tio n  alone (20  vs. 1 1  m o n th s , respectively ). 
S in g le -in s titu tio n  s tu d ies  investiga ting  the b enefit of 
p o s to p e ra tiv e  ch e m o rad ia tio n  co m p ared  to  o b se rv a tio n  
have also sh o w n  a surv ival beneíìt. T hus, the  c u rre n t 
da ta  su p p o rt ihe use of posto p era tiv e  ad ju v an t chem o- 
rad ia tio n  in  p a tien ts  w ho  un d erg o  surg ical resec tion .

F U T U R E  STR ATEG IES

A lthough  m any  recen t advances have b een  m ad e  in  the 
tre a im e n t of p an c rea tic  ad en o ca rc in o m a , in c lu d in g  
lo w er p o sto p e ra tiv e  m orta lity  rates, n eo a d ju v a n t the r- 
apy , an d  a d d itio n  of g en ic itab ine  to the m u ltim o d a lity  
a rm a m en ta riu m , none is expected  to d ram atica lly  a lte r 
the  h ig h  m o rta lity  associa ted  w ith  th is  disease. T he 
sing le advance th a t offers the m o st p rom ise  is elucida- 
t io n  o f the  m o lecu la r events invo lved  in  p an c rea tic  
oncogenesis , m etastasis, an d  resis tance to  rad ia tio n  
a n d  ch em o th e rap y .



ư n d e rs ta n d in g  pan c rea tic  adenocarc inom a on  a 
m o lecu la r level allow s for the developm ent o f targe ted  
th e rap ies  th a t m ay be em p lo y ed  e ith e r alone o r in com - 
b in a tio n  w ith  trad itio n a l chem orad ia tion . T he finding 
th a t the K-ras oncogene is m u ta ted  and  activated in over 
90%  of pan c rea tic  adenocarc inom as, and th a t th is  is 
an  early  even t in the  accu m u la tio n  of genetic dam age, 
h as  p ro m p te d  investiga tion  in to  strategies ih a t vvoulđ 
b lo ck  its ac tiva tion . SCH 66336, a íarnesvl transíerase 
in h ib ito r  th a t ren d e rs  K-ras íunc tionally  inactive, as 
w ell as K-ras an tisense  therapy , are cu rren tly  being  
investiga ted .

The p53  tu m o r su p p resso r is o íten  m uta ted  and  
íu n c tio n a lly  inactive in pancreatic  adenocarc inom a, 
causing  in h ib itio n  of a m aịo r apop to tic  pathw ay in- 
du ced  by m o st ch em o rad ia tio n  therapies. S lrategies to 
co rrec t íu n c tio n a l losses are m ore challenging than  are 
those  tha t in h ib it gene exp ression  o r  íunc tion , b u t One 
p ro m is in g  m e th o d  is to use genetically  m odifìed adeno- 
v iru ses th a t rep licate  only in p53-defìcient cells. An 
a d d itio n a l cha llenge for pancreatic  cancer is de livering  
the v iru s to the tu m o r target, a lthough  in tra tu m o ra l 
in je c tio n  u sin g  endoscop ic  u ltra so u n d  is an area of in- 
vestiga tion . O th er m o lecu lar th e rap eu tic  targets are an- 
g iogenic íac to rs  su ch  as vascu lar endo thelia l g row th  
factor (V EG F), w h ich  is up -reg u la ted  in  pancreatic  aci- 
en o c arc in o m a, g ro w th  s tim u la to ry  íactor recep to rs  
su c h  as the ep id erm al g row th  factor recep to r and  
h u m a n  g ro w th  factor rec ep lo r 2 (HER 2), as well as 
m a trix  m e ta llo p ro te in ases  tha t degrade the ex trace llu la r 
m a trix , a llow ing  cancer cells to m eiasu siie . Slrategies 
to  an tagon ize  these íactors an d  th e ir  íunc tion  have b ee n  
deve loped  an d  are cu rren tly  being  testcd in clinical tri- 
als. A lthough  the p rognosis o f pancreatic  aclenocarci- 
nom a rem a in s abysm al, ihe o u tlo o k  for novel m o lecu lar

strateg ies tha t w ould  sign iScantly  red u ce  the m orta lily  
and  suffering  associated  w ith  th is  d isease is very  p rom - 
ising.

S ee A lso  th e  F o llo w in g  A r t ic le s
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tr a n s la t io n a l c o n tr o l T h e re g u la t io n  o f  p ro te in  sy n th e s is  at 
the lev e l w h ere  the m R N A  se q u e n c e  is tra n sla ted  in  to the 
a m in o  a cid  se q u e n c e  o n  the r ib o so m e . 

z y m o g e n  g r a n u le s  P ancrea tic  a c in a r  ce ll se c r e to r y  gran u les. 
z v m o g e n s  In active  p recu rso rs o f  c e r ta in  p a n crea tic  cligestive  

en z y m e s that are a ctiv a ted  b y  p r o te o lv t ic  c leavage.

The pancreatic digestive enzym es are a m ix tu re  of approx- 
im ately 20  enzym es syn thesized  by pancrea tic  acinar cells 
and secreted  in to  the pancreatic  ducts. These enzym es are 
rcsponsib le for alm ost all o f the activ ity  d u ring  the lu- 
m enal phase of digestion  in the in testine .

IN T R O D U C T IO N

P ancreatic  d igestive enzym es can  be d iv id ed  in to  four 
g ro u p s ac co rd in g  to  the m a jo r  c lass o f m a c ro n u tr ien ts  
u p o n  w h ich  they act (Table I). T h ere  is o n ly  on e  m ajor 
fo rm  of am ylase, D N ase, an d  R N ase, po ssib ly  du c  to  the

TABLE 1 H um an Pancreatic D igestivc Enzym es

E nzym e M olecu lar  w e ig h t (cialtons)

Protcases
T rvpsinogen  1 2 5 ,0 0 0
T rypsinogen  2 2 5 ,0 0 0
T rỵpsinogen  3 2 3 ,4 0 0
C hym otrypsinogen 2 4 ,0 0 0
Proelastase I 3 3 ,0 0 0
P roelasiase 2 2 6 ,6 0 0
K allikreinogen 3 5 ,0 0 0
Procarboxypeptidase AI 4 4 ,5 0 0
Procarboxypeptidase A2 4 7 ,0 0 0
P rocarboxypeptidase Bì 4 7 ,3 0 0
Procarboxypeptidase B2 4 7 ,3 0 0

cĩlycosidase
A m vlase 5 7 ,0 0 0

Lipases
T riglyceride lipase 4 8 ,0 0 0
C olipasc 10,000
C arboxyl ester hydrolase 100,000
P hosp h olip ase A2 14 ,000

N ucleases
D N asc I 3 0 ,0 0 0
RNasc 1 5 ,000

relatively lim ited n u m b e r  of d is tin c t Chemical b o n d s  to 
c leave. T here  is a m uch  m ore d iverse array  o f p ro teases , 
d ư e  to  th e  inc reased  com plex ity  of p ep tid e  b o n d s  as 
a re su lt o f  th e  larger n u m b e r of am in o  acids. M ultip le  
closely  re la ted  ío rm s, te rm ed  isoenzym es, are p resen t 
íb r m an y  p ro teases , such  as tryp sin o g en s 1, 2, an d  3. 
T he b io log ica l sign iS cance of these m u ltip le  gene Prod
ucts is n o t clear. AU o f the p an crea tic  p ro teases , as w ell 
as p h o sp h o lip a se  A2 ancỉ colipase, a re  syn th esized  as 
inac tive  p re c u rso rs  k n o w n  as zym ogens an d  d es ig n ated  
by  e ith e r  the p refix  “prcT o r  the suffix uo g en .v T hese  have 
little  o r  n o  enzym atic  activ ity  in the  pan c rea tic  ju ic e  b u t 
are  ac tiv a te d  in the  in testinal lu m en  bv a eascade in 
w h ich  th e  in te stin a l enzym c en te ro k in ase  cleaves an d  
ac tiva tes try p sin o g en  and  the re leased  try p sin  rap id ly  
ac tiv a tes  the  o th e r  enzym es. T h is artic le  ad d resses  the 
g en era l íe a tu re s  of pancreatic  d igestivc enzym es.

SY N T H E S IS  A N D  PA C K A G 1N G  OF 
D IG E ST IV E  ENZYM ES

All o f  the  d igestive  enzym es co n ta in  a seq u en ce  in  the 
n a s c e n t p e p tid e  tha i induces tran sla tio n  on  ribosom es 
a tta c h e d  to  thc endop lasm ic re ticu lu m  (ER). The 
n asce n t p e p tid e  is in se rted  th ro u g h  a p ro te in  ch an n el 
in to  the lu m e n  of the ER. T here  the p ro te in s  are 
p ro ce ssed  and  íolcled w ith  the  he lp  of in tra lu m en a l 
c h a p e ro n e  p ro tc in s. The p ro en zy m es m ove to the 
G olgi by  v es icu la r tra n sp o rt an d  in  th e  írcm s-Golgi net- 
w o rk  are  so rte d  in to  new ìy ío rm in g  secre to ry  g ranu les, 
te rm e d  co n d e n sin g  vacuoles, w h ich  are  d is tin g u ish ab le  
in e le c tro n  m ic roscop ic  im ages by th e ir  low er density . 
W ith  the  possib le  help  of g ranu le  m em b ran e  p ro te in s , 
su c h  as G P-2 , the co n ten ts  becom e m ore dense ly  pack ed  
and  lose som e of th e ir w ater. M ature zym ogen  g ranu les 
th e n  m ove íro m  the Golgi to the  ap ical reg ion  o f the  cell 
in  a m ic ro tu b u le -d e p e n d e n t m anner, w here they  aw ait 
the  signal for exocvtosis, the p rocess  by w h ich  th e ir  
c o n te n ts  are  re leased  in to  the ac inar lu m en . A lthough  
th e  c o n c ep t vvas som ew hat con trovers ia l in  the  past, all 
th e  d iffe ren t digestive enzym es sv n th esized  in  each  cell 
are  b e liev ed  to be packaged  in  the  sam e g ranu les. W h e n  
g ra n u le s  d iffe r in  enzym e co n ten t, it is believed to be due



to d ifferen t levels of m R N A  being expressed  in d ifferent 
cells. For exam ple, the ac in a r cells surrouncling  the is- 
le ts of Langerhans have la rger am o u n ts  o f ce rta in  en- 
zym es such  as am ylase, possib ly  d u c  to locally  h igh 
co n cen tra tio n s of in su lin . The stim u la tio n  of secre tion  
from  such  d ifferent reg ions o f the glancl can resu lt in the 
p h en o m en o n  of “n o n p ara lle l secre tion ,” in w h ich  the 
com position  o f secreted  digestive enzym es changes in 
response to a physio log ical stim ulus.

R E G U LA TIO N  OF D IG E ST IV E  ENZYM E  
SY N T H ESIS BY D IE T  A N D  H O R M O N ES

T he synthesis of d igestive enzym es is regu la ted  at 
several levels. D ietary ad ap ta tio n  occurs w hen  the pan- 
creas m odiiìes its com position  of d ifferent digestive en- 
zym es in  response to changes in  the level o f  d ietary  
p ro te in , fat, and  carbohydra te . In  general, enzym e levels 
increase in response to an  ab u n d an ce  of the ir speciRc 
d ie tary  substra te . Thus, a h igh-starch  diet in d u ces the 
presence of m ore am ylase and  a h ig h -p ro te in  d ie t in- 
d u ces the p resence of m ore  proteases. This eílect takes 
2  — 1 0  days to occur and  is accom pan ied  hy changes in 
m RNA levels íor the in d iv id u al d igestive enzym es. Sonic 
o f these effects are well estab lished  as being  ho rm onally  
m ed iated . T hus, in su lin , vvhich increases in response 10 
a h igh-carbohydrate  d ie t, increases am ylase mRNA 
levels th ro u g h  en h an ced  gene transc rip tion . C holccys- 
to k in in  (CCK ) has sim ilarly  been  relaied  to a hi.gh.-pro- 
te in  d ie t and secretin  to a high-fat diet. These changes 
have been  stud ied  p rim arilv  in ro đ en ts  and th e ir  rclc 
vance to the hum an  p ancreas is unknovvn.

T he second  type o f reg u la tio n  is the increased  rate of 
p ro te in  syn thesis due to en h an ced  mRNA tran sla tio n

tha t occu rs follow ing a m eal. ỉn th is case, b ecau se  
mRNA levels are relatively un ch an g ed , syn thesis  o f  
aĩl the digestive enzym es increases in para llel an d  th e  
m ain  func.tion is to increase the am o u n t of new  enzym e 
in the cell to be ready for the n ex t m eal. T his effect is  
m ed iateđ  by the pancreatic  secretagogues, CCK a n d  
acety lcho line (the la tter is released  írom  the vagal 
nerve), in su lin , an d  d ie tary  am in o  acids, p a rticu la rly  
b ranched  chain  am ino acids such  as leucine.. T hese  
all ac tivate a b iochem ical pathvvav tha t involves p ro te in  
k inase B (Akt) an d  m TOR (m am m aliạn  target o f  
rapam ycin ) and  leads to the ac tiva tion , by p h o s p h o n  - 
la tion  o r deph o sp h o ry la tio n , o f speciíìc tran s la tio n  fac- 
tors and  ribosom al p ro te ins th a t are involved  in  the 
in itia tio n  an d  e longation  stages of transla tion .
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acute pancreatitis An acute con d ition  due to inílam m atory  
disease o f the pancreas that typ ica lly  presents w ith  
abdom inal pain and elcvated pancreatic enzvm es in the 
blood.

chronic  pancreatitis A persistent in ílam m atory disease o f ihc 
pancreas characterized by irreversibỉe m orphological 
change thai oíten causes pain  or loss o f  exocrinc  
íun ction  or bơth. 

exocrin e  pancrcas The portion o f the pancreas that 
syn thesizes and secretes the com p o n en ts o f  pancreatic 
ju ice. The ju ice  conta ins d igestive  enzym es, vvater, and 
bicarbonate. The pancreaiic acinar and duclal ceỉls  
con slitu ie  the cellular c o m p o n en ls  o f  the exocrine  
panereas.

pancreatic insulT iciency D ecreased secretion  o f  d igestive  
enzym es or insu lin  to the ex len t that m alabsorption or 
diabetes m elliiu s appears. M alabsorption typically m an- 
ííesls w ith  sieatorrhea, the presence o f m ore than 7% of 
dietary fat in the stool.

D isorders o f the  exocrine pancreas rep resen t a sm all seg- 
m cni of ped ia tric  disease, bu t are com m on enough that all 
physic ians caring  for ch ild ren  shoulci have a w orking 
know ledge of the pancreatic d iseases tha t aífect children. 
C vstic íibrosis is the m ost com m on a ỉlm en t of the exo- 
crine pancreas in  ch ild ren , b u t the re  are m any o ther 
causes of pancrcatic  dysỉim ction  and in ílam m ation  in pc- 
d ia trics that p resen t diffìcult d iagnostic  challenges. This 
articlc íocuses on thc d iso rders  o f the exocrine pancreas 
tha t affect ch ild ren  except fo r the pancreatic  dysíunction  
associated  w ith  cystic íìbrosis.

Pancreas divisum

c

FIG U R E  1 Three variationsinductalanatom y. (A ) ln 4 0 —50% 
of people, the main pancreatic duct enters the duodcnum vvith the 
com mon hile duct and the accessory duct regresses. (B) Five lo 
10% of people have pancreas divisum. The main and accessory 
pancreatic ducts do not connect and each duct drains into the 
duodenum  through its own papilla. (C) The main pancreatic duct 
enters the com m on bile duct approximately 5 to 15 ram before the 
ampulla of Vater in approximately 5 to 10% of individuals.

C O N G E N IT A L  A N O M A L IE S  

Pancreas D ivisum

In co m p le te  fusion of the do rsa l an d  v en tra l p an creas 
m ay re su lt in  the  su b s titu tio n  o f  the  d o rsa l p ancrea tic  
d u c t, w h ich  em p ties th ro u g h  th e  re la tive ly  sm all acces- 
sory pap illa , fo r th e  ven  trai d u c t as th e  m a in  c o n d u it for 
pancreatic  ílu id s (Fig. 1). T h is  an a to m ica l v arian t, pan- 
creas d iv isum , is the m ost co m m o n  co n g e n ita l anom aly  
of th e  p an c reas  and  the  m ost co n tro v e rs ia l. S.0 m e believe 
tliat an  an a to m ic  or fu n ctio n al s te n o sis  a t the  accessory  
pap illa  p ro d u c e s  in c reased  d u c ta l p re ssu re , w h ich , in

tu rn , causes b o u ts  o f acu te  an d  re c u rre n t pancrea titis . 
O th e rs  p o in t o u t tha t the re  is no  causa l re la tio n sh ip  
betvveen p an c reas d iv isum  and  pancrea titis  an d  tha t 
th e re  is d isag reem en t am ong  clin ical s tu d ies  ab o u t 
the  in c id en ce  of p an c rca titis  in p a tìen ts  vvith p an c reas  
d iv isum . Som e s tu d ies  have fo und  an  incrcased  inci- 
d en ce , w hereas o th e r  s tu d ies  have failed to co n íìrm  
th o se  findings.

T he d iạgnosis  o f pan c reas d iv isum  is bes t m ade 
by en d o sco p ic  re tro g rad e  ch o lan g ío p an crea to g rap h y  
(E R C P ). The role o f m agnetic  reso n an ce  ch o lan g io p an - 
c re a to g rap h y  (M RCP) has n o t been  estab lished  in  pe- 
d ia tr ic  p a tien ts . O nce p an creas d iv isum  is cliagnosed,

Accessory

Pancreatic
Duct
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the d ec is io n  to treat, an d  how  lo treat, is no t straigh t- 
íorvvard. If the p a tien t has had  recu rren t ep isodes of 
pan crca titis , m ost g as troen te ro log is is  op t for ERCP 
therap ies , such  as sp h in c te ro to m v  w ith  or w ith o u t 
s ten tin g , p a rticu la rly  if ob jective evidence oí pap illary  
stenosis exists. Rarely, a surgical d rainage p ro ccd u re  is 
offered.

Com m on Channel Syndrom e

A bnorm al ịunc tions o f ihc com m on  bile d u c t and  
the m a in  pan c rea tic  d u c t rep resen t an o th er írequen tlv  
en c o u n te re d  cluctal anom aly . In these cases, the com - 
m on  b ile  d u c t jo in s  the m ain  pancrea tìc  d u c t 5 to 15 m m  
b eío re  the  am pu lla  o íV a te r  to crcate a com inon  channel, 
w h ich  has been  associa ted  vviíh pancreatitis , 
ch o led o ch al cysts, and , in adu lts , bile d u c t o r gallblad- 
de r cancer. Because the ịu n c tu re  occurs beíore the 
sp h in c ie r  of O dd i, bi le can  reílux  into the ìnain  pancre- 
atic d u c t and  cause pancrea titis . Sim ilarly, pancreatic  
ịu ice  can  re ílu x  in to  the com m on  bile cluci, a s ituation  
tha t m ay cause  som e cho ledochal cysts. A nim al m odels 
su p p o rt b o th  re la tionsh ips. T he p resem atio n  of these 
p a tien ts  re la tes to the sym ptom s o f p an c rea titis  o r  of 
ch o ledochal cysts. T he la tte r p rescn ls vvith righ t u p p er 
q u a d ra n t pain , ja u n d ic t \  and , som etim es, a paipable 
m ass below  ihe liver. T he d iagnosis can be m ade hy 
ERCP, M RCP, o r in trao p era tiv e  cholangiogram . T reat- 
m e n t fo r cho ledochal cysts is excision  of ihe cysts vvith a 
R oux-cn-Y  h ep a to ịe ịu n o sto m y . T herapy  for an iso lated  
co ram o n  ch an n el has irad itiona llv  been surg ical, but, 
recen tly , ERCP trea tm en ts  havc been  advocated  al- 
tho u g h  long -te rm  stu d ies  of ou tcọm e after ERCP ther- 
apy  are lacking.

Annular Pancreas

A n n u la r  p an creas is an  uncom m on  developm enia l 
anom aly  th a t is generally  associa tcd  w ith  o th e r congen- 
ital m a lĩo rm atio n s  an d  has a p arù cu la rly  h igh  inc idence 
in  p a tien ts  w ith  trisom y 21. T he exact pathogenesis of 
an n u la r  p ancreas rem ains u n c lea r a lthough  inost theo- 
ries invoke a ía ilu re in one of thc steps leading 10 fusion 
of the v en tra l an d  dorsal pancrea tic  bucls. Svm ptom s of 
pariial o r  com pỉete  u p p e r gas tro in ĩesiinal o b stru c tio n  
p resen t a t anv  age, b u t nevvborns rcp resen t the largesl 
g roup . R ad iograph ic stud ies, sucb  as up p er gastro in tes- 
tina l series, u ltra so u n d , and  ERCP, can suggest the di- 
agnosis o f an n u la r  pạncreas, b iu  dcíin itive d iagnosis 
occu rs a t surgerv . D u rin g  su rgery , the o b stru c tio n  is 
bypassed by a d u o d en o d u o d e n o slo m v  or d u o d en o - 
jẹ ju n o sto m v .

Pancreatic Agenesis and Aplasia

D isorders of pancreatic  deve lopm en t are rare a n d  
range from  com plete to partia l agenesis o f the pancreas . 
Only two cascs of p an crea tic  agenesis and  five cạses of 
partial agencsis vvere d escrib ed  in an  au topsy  series of 
2000 ĩetuses. These d iso rd e rs  alm ost ce rta in lỵ  arise  
írom  m uta tions in the gene tic  or signaling  pathw ays 
responsib le for the earlv dev e lo p m en t o f the íetal pan - 
creas. [n one patien t w ith  pancrea tic  agenesis, a h o m o - 
zygous m u ta tio n  in the PDX1 gene was identified . PDX1 
is a tran sc rip tio n  íactor tha t is requ ired  for p an crea tic  
developm ent in  ro d en ts  an d  alm ost ce rta in lv  co n trib - 
uted to the lack of p an crea tic  deve lopm en t in th is  
patien t.

C om plete absence o f the pancreas is in co m p atib le  
vvith life and is usually  d iagnosed  a t au topsy. Nevvborns 
w ith th is d iso rd er have s ign iíìcan t in trau te rin e  g row th  
re ta rda tion  and  in su lin -d e p en d e n t hyperglycem ia. In 
con trast, m ost cases of p a rtia l pancreatic  agenesis re- 
m ain  asy rap tom atic  and  m ay be d iagnosed  at su rgery  o r 
autopsy. Only thosc w ith less than  app rox im ate ly  5% of 
norm al tissue w ill m anifest ev idence of exocrine dys- 
íunc tion  w ith  p o o r g row th  and  fat m alab so rp tio n  o r 
evidcnce of endocrinc  cỉysfunction w ith  hyperg lycem ia 
and  low glucạgon  lcvels and  response. W ith  trea tm en t of 
thc endocrine  insufficiency w i(h pancreatic  enzym cs 
and  la i-soluble d ie ts an d  in su lin  if required., these 
patien ts mav do well.

HEREDITARY DISORDERS 

Shvvachm an-Diam ond Syndrome

S hw achm an—D iam ond  synd rom e (SDS) is the sec- 
ond  Iiìost com m only  recogn ized  causc of pancreatic  
insuííìcicncv in ch ild ren . E stim ates o f incidence for 
this ạu tosom al recessive disease range from  1  in 
10,000 to 1 in 50 ,000 live b irth s . A lthough  the constel- 
laúon  of pancreatic  insufficiency and hem ato log ical ab- 
norm alities in the face of n o rm al sw eat electro ly tes 
typifies th is đ iso rđer, m anv  o th e r o rgan  system s m ay 
be affected (Table I). A m ong these, the p ro m in en t fea- 
tu res inc lude sh o rt s ta tu re , skeletal abnorm alities, and 
learn ing  01' behav io ral abnorm alities.

The pancreas varies in  size from  n o rm al to sm all and 
has a p ro m in en t fatty iiiíìltra tion , w hich  replaces acinar 
rissue and  can be ap p rec ia ted  in co m p u ted  tom ographv 
of the ahdom cn. T he d u c ts  appcar no rm al and  pancre- 
atic sccretions have relatively  no rm al volum e w ith  nor- 
mal levels of b icarbonate  and  ch loride. T he prim arv  
deíect is in the ac inar cells an d  m av involve a deíective 
transcrip tion  íactor or g row th  íactor, w hiclì vvoulcỉ also 
accoun t for ihe vviđe range o f organ ínvolvem ent in SDS



TABLE I Fealures of S hw achm an—D iam ond Syndrom e

Pancreatic exocrin e  in su fíic ien cv  
S h ori stature  
H em atolog ica l ch an gcs  

N eutropenia  
'í' hrom b oc vt ope ni a 
Ancm ia
M yclo lym phoproliíerative disorcỉers 

S k eleta l ch an ges
M etaph ysea 1 c h on d  rodysp  lasia 
sh ort or flared ribs 
C linodactyly  
O elaycd bo ne age 

R ecurrent in íec tio n s  
Liver ch an ges

ỉĩlevaied  serum  am inoiransíerases  
Periportal fibrosis 

M isce lla n co u s
P sychom otor retardation  
ỉc ih yosis
Dental abriorvnalities

L inkage s tu d ies  suggest th a i the defeciive g en e  o r genes 
loca te  in  th e  p e r i-ce n tro m etric  reg io n  of ch ro m o so m e  7. 
Aí p resen t, a speciíic  gene has n o t b ee n  iden tiíìed .

M ost p a tie n ts  p re se n t in  in ían cy  w ith  sy m p to m s of 
p an c rea tic  insu ííìc iency . ln te res tin g ly , p an c rea tic  exo- 
c rin c  íu n c tio n  im proves w ith  age an d  as m any  as 50% of 
pa tien ts have norm al íecal fat ex c re tio n  bv 4 years of age. 
Even so, th ese  p a tien ts  still have d ec reased  sec re tio n  oí 
p an c rea tic  enzym es in  p an c rea tic  s tim u la tio n  tests. 
T h is is aỉso  true  o f  the  p a tie n ts  w ho  d o  n o t have s tea io r- 
rbea . A nalysis o f p an c rea tic  se c re tio n s  in  th is  g roup  
sti.ll reveals d e íìc ien t se c re tio n  o f p a n c re a tic  enzym es 
b u t at levels th a t p e rm it e ííìc ien t d igestion  o f d ie ta ry  
fats. T h u s , n o rm aỉ íecal fat ex c re tio n  d o es n o t exc lude  
th e  d iag n o sis  of SDS.

Likew ise, the b o n e  m arro w  d y síu n c tio n , generally  
n e u tro p e n ia , anem ia , o r th ro m b o c y to p en ia , is no t al- 
w ays fo u n d  in itialìy . Both the  n e u tro p e n ia  an d  th ro m - 
b o c y to p en ia  can  be in te rm itte n t an d  m u ltip le  bloocl 
co u n is  sh o u ld  be p e río rm e d  to  aid d iagnosis. T he ane- 
m ia is le ss com m on  than  the  o th e r  tvvo ab n o rm a litie s  
an d  is o íle n  m ild. Bone m arro w  b iopsies in  p a lien ts  w ith  
SDS vary co n sid erab ly  and  m ay be n o rm al o r  show  de- 
creased cc llu la rity , fat in íìltra tio n , an d  m y e lo id  m atu - 
ra tio n  arrest.

T h crap v  is sy m p to m atic  an d  in c lu d es  o p tim al p an - 
c reatic  en.zvm e rep la ce m en t, fa t-so lub le  v ita m in  su p p le - 
m e n ta tio n , and  aggressive trea tm e n t o f íeb rile  ep isodes, 
p a rticu la rlv  d u r in g  p erio d s  of n e u tro p e n ia . Even w ith  
op tim al tre a tm e n t, SDS p atien ts  m av n o t rea ch  norm al

ad u lt height. G ro w th  h o rm o n e  the rapy  does n o t ap p e ar 
to a lte r th is  ou tcom e. C o m p licaú o n s o f bone  m arro w  
ỉa ilu re  p ro d u ce  the  m ost m orb id ity  and  m o rta lity  in  
SDS. In íec tio n s m ay be u re -th rea ten in g  in p a tien ts  
w ith  n eu tro p e n ia , an d  m yclodvsp lasia , ap lastic  anem ia , 
an d  acu te  m ye lo id  leukem ia  m ay be sign iR cantly  
increased  in  SDS patien ts.

Johansson Blizzard Syndrom e

T his sy n d ro m e also causes p ancrea tic  lipom aiosis , 
hư t it is considerab ly  less eo m m o n  than  SDS, w ith  fcw er 
th a n  th ree  d o zen  cases described . Like SDS, the  ex o c rin e  
p ancrca tic  insu fficiency  in  th is  sy nd rom e m ost likely  
resu lts  from  a defect in ac inar cell d ev e lo p m en t, w hereas 
d u c t íu n c tio n  rem a in s  in tacl. In  a d d itio n  to exocrine  
pan c rea tic  insufficiency , the sy n d ro m e in c lu d es  im - 
perío ra te  anus, hy p o p lastic  alae nasi, h y p o th y ro id ism , 
ec to d e rm a l scalp  de ĩec ts , dea íness, and  m en ta l retarcla- 
tion. O th er en d o c rin e  ab n o rm alities  and  g en ito u rin a ry  
de íẹc ts  have also  been  described . U n like  SDS, th is  
sy n d ro m e does n o t inc lude  hem ato log ica l o r ske letal 
abno rtna lities.

Pearson’s M arrow—Pancreas Syndrom e

D escribed  in  1979, th is  sy nd rom e consists  o f r e f ra o  
tory  sid e ro b lastic  anem ia w ith  v acuo liza tion  o f ery- 
th ro id  an d  m yelo id  p recu rso rs . T he d escrib ed  
p a tỉen ts  all req u ired  repea ted  b lo o d  tran s íu s io n s  and  
all had  ía ilu rc  to  ihrive. W ith  increascd  age, m any 
o rgans, su c h  as ihe  liver, k idney , in te s tin e , sk in , an d  
nervous system , sh o w  abnorm alities. The p a tien ts  w ho  
su rv ivcd  in ỉancy  u n d e rw e n t p an c rea tic  s tim u la tio n  test- 
ing, vvhich sh o w ed  deíìc ien t sec re tio n  of d igestive en- 
zym es, d ecreased  vo lum e, an d  low  b ica rb o n a te  
co n c en tra tio n s , inclicating de ỉec ts  in bo tlì ac in a r and  
d u c t cell íụ n c tio n  in  d is iin c tio n  írom  SDS. At au topsy , 
íìb rosis an d  ac in a r  cell a tro p h y  w ere found . F a tty  iníìl- 
tra tio n  w as n o t p resen t. M u ta tio n s, o íte n  d e le tio n s, in 
m ito ch o n d ria l DNA have b een  con sis ten tly  found  in 
p a tien ts  w ith  th is  synd rom e. T he co n n e c tio n  betw een  
m u ta tio n s  in  m ito ch o n d ria l DNA an d  p an c rea tic  dys- 
íu n c tio n  has n o t been  estab lished , b u t m ay rela te  to 
im p a ired  energy  p ro d u c tio n  in  the pancreas , vvhich 
m u st m eet the h ig h  energy req u irem en ts  req u ire d  to 
p ro d u ce  large a m o u n ts  o f p ro te in s.

Jeune Syndrom e

P an crea tic  insuffìciency , ab n o rm a litie s  o f the  tho - 
rax, sh o r t- lim b e d  dw arfism , cystic dysp lasia  of the  k id- 
neys, a n d  h ep a tic  p o rta l lesions ch arac terize  th is  rare  
sy n d ro m e. T he ske letal ab n o rm a litie s  in  the th o rax  m ay



p ro d u c e  re sp ira to rv  d istress in neonates. F ibrosis and 
cystic le s io n s are found  in the pancreas.

Isolated  Enzyme D eíìciencies

A sm all n u m b e r  o f papers rep o rt pa tien ts w ith  cle- 
íìc iencies o f in d iv idual pancreatic  digestive enzym es 
an d  o f en te ro k in ase , an in testinal b ru sh -b o rd e r  enzym e 
th a t is req u ired  for ac tiva tion  of pancreatic  zym ogens. 
T he p a tie n ts  w ith  d ecreased  levels of trig lyceride lipase 
o r  o f co lipase , an  essen tial co íac to r for trig lyceride li- 
pase, all h a d  ev idence of fat m alabso rp tion  ih a t was 
im p ro v e d  by  pancrea tic  enzym e su p p lem en ta tio n . 
T hese p a tien ts  p resen ted  w ith  oily bow el m ovem ents, 
b u t o th e rw ise  had  no  o th er svm ptorns an d  w ere well 
g row n. In  co n tra st, the  tw o rep o rted  p a tien ts  w ith de- 
creased  irypsm  activ ity  p resen ted  w ith  severe g row th  
ía ilu re , h y p o p ro te in em ia , and  edem a. A lthough  the au- 
th o rs  sp e cư ỉa te d  th a t the p atien ts hacl trypsin  deíiciency, 
the re p o r t lack ed  any  su p p o rtin g  evidence ío r a d eíec t in  
trypsin . A la te r  rep o rt o f patien ts vvith iden tical clin ical 
sy m p to m s a n d  s im ilarly  decreased p ro tease  levels raised  
ad d itio n a l q u es tio n s  abou t the ex istence oí iso lated  
trypsin  deíiciency . In these patien ts, en terok inase  vvas 
d e íìc ien t in  sm all bow ei biopsies, en d o g en o u s en tero - 
k inase co rrec ted  ihe  p ro tease deíìciencies, and  the 
sym p to m s reso lved  w ith  pancreatic  enzym e su p p lem en - 
ta tion . N o  gene  deíec ts  have been described  in  pa tien ts 
w iih  any  o f ihese p u rp o rte d  deíìciencies and  u n til th a i 
tim e the  ex is ien ce  o í these isolated enzym e deíìcienc ies 
is u n ce rta in .

Hereditary Pancreatitis

F irs t d esc rib ed  in  1952, hered itary  p ancrea titis  is a 
rare d iso rd e r  causing  recu rrem  cpisodes o f acu te p an - 
c rea titis  an d , in  app ro x im atc lv  75% o f pa tien ts , ch ro n ic  
p an c rea titis . M u ltip le  pedigrees have been  vvell de- 
sc ribed  an d  it is clear tha t hered itary  pan c rea titis  has 
an au to so m a l d o m in a n t inheritance p a tte rn  vvith ap- 
p ro x im ate ly  80%  p en e tran ce  and a variable clin ical 
cou rse  ev en  am o n g  íam ilv m em bers.

R ecently , m u ta tio n s  in  the cationic trvpsinogen  gene 
w ere lin k e d  to  the  deve lopm en t of h e red ita rv  pancrea- 
t i t is in  m o st k in d red s . Tw o m uta tions, R122H  an d  N 29I, 
are the m o st p rev a len t and  have been described  in  
íam iiies from  N o rth  A m erica, E urope, and Japan . A 
ĩcw p a tien ts  have o th e r  su b stitu tio n s at these sam e 
am ino  ac id  positions. A dditional rnu tations in  the 
sam e gene , A16V, D 22G , and K23R, have heen de- 
sc rib ed  in a sm all n u m b e r of paũcn ts. bu t íhese are 
vveakly asso c ia ted  w ith  pancreatitis.

T he m ech an ism  beh ind  the increased inciclence o í 
p an c rea litis  in p a tien ts  w ith  Iiìu taũons in the  ca tion ic

trypsinogen  gene rem ains speculalive. A íter the  d esc rip - 
tion  of the R122H m uta tion , il was sp ecu la ted  th a t the 
rnu ta tion  in te ríe red  w ith  the n o rm al p ro tec tive  m eclì- 
an ism s o f the ac inar cells ag a in s tp re m atu re  ac tiv a tio n  of 
try psinogen  (Fig. 2). In trace llu lar ac tiva tion  o f try p sin - 
ogen w ould  p erm it the activation  o f o th e r zym ogens,

Zymogen activation

▼

Pancreatitis-<---------Autodigestion

FIG URE 2 Mcchanisms that protect the pancreas ĩrom prema- 
ture trypsinogen activation. Acinar cclls synthesize and packagt 
trypsinogen and SP1NK1 orpancreatic secrctory trypsin inhibitor 
at a 5 to 1 ratio. vvhen irypsinogen  is aciivated to trvpsin, the firs: 
line o f clcíense ỉs inhibỉtion  bv SPINK1. IĨ there is cn o u g h  trvp- 
sin ogen  activation Lo overw helm  the capacity oí SPINK 1, ther. 
trvpsin auioivsis provicles a second line of deíense. Autolysis be- 
gins vviih clcavage oi the bond after arginine 122. In hereditan  
pancreaiiiis, the RI 22H muiation slo\vs aulolysis and allows tryp- 
sin to aciivaic other ivm ogens. Once ỉ he syraogcn activaũon cas- 
Ciide begins, auiodigcstion of ihc pancreatitis can occur and 
procỉ 11 ce pancreaiitis
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re su ltin g  in dam age to the ac inar cells. To p ro tec t 
aga in st p rem atu re  try p sin o g en  ac tiva tion , the ac inar 
ce ll con tains an  in h ib itọ r  o f trypsin . T his first line of 
deíense  is lim ited  a n d  can be ovenvhe lm ed  by excessive 
trypsin  activation . In  tha t case, the ac in a r cell has a 
seco n d  line of defense, trypsin  autolysis. D eg radation  
beg ins w ith  hyd ro ly sis  ai A rg-122. In  h e re d ita rv  pan- 
creatitis, the histicline su b stitu tio n  at p o s itio n  1 2 2  pre- 
ven ts  autolysis. ỉn  vitro  s tu d ies  on h u m a n  ca tion ic 
trypsinogen  co n íìrm  the increased  au tỏ ly tic  resistance 
o f the R117H m u ta n t and  also d em o n stra te  tha t the 
m u ta tio n  in te rfe res w ith  m u ltip le  p ro tec tiv e  m echa- 
nism s. F o rin s ta n c e , the  m u ta tio n  increases trypsinogen  
aư toac tiva tion . S im ilar s tu d ies  on  the R29I h u m a n  cat- 
io n ic  trypsinogen  reveal th a t the  m u ta tio n  resu lts  in 
faster au to ac tiv a tio n  and increased  try p sin  stability . 
T h u s , bo th  m u ta n ts  can  increase  thc try p s in  levels in  
the  acinar cells and  cause inc reased  ac tiva tion  o ĩ o th e r 
zym ogens.

Episodes of p an c rea titis  begin beíbre thc age of 20 in 
app rox im ate lv  80%  o f patien ts . Pain is generallv  the pre- 
sen tin g  svm ptom  an d  m ay be acco m p an ied  bv nausea 
an d  vom iting . A lthough  som e au th o rs  suggest that 
íasting , fatty m eals, alcoho l, and  stress m ay p rec ip ita te  
p an c rea tù is , the tr iggers for ind iv idual ep iso d es rem ain  
am biguous, desp ite  the considerab le  p ro g ress  macle 
in u n d e rs ta n d in g  th e  pathophysio logy  o f h e re d ita ry  pan- 
c reatitis  in the p as t 5 years. T he a ttacks o cc u r w ith  var- 
iable írequency  a n d  may becom e less íre q u e n t an d  less 
severe w ith age, b u t th is p rog ression  is n o t un iversal.

VViih tinic, the p an c rcas  a tro p h ies  and  ca lc iíica tions 
develop  in ap p ro x im a te lv  50% o f patien ts. P ancreatic  
insuffìciency d ev e lo p s in a sizable p ro p o rtio n  o f pa- 
tien ts , perh ap s as m any  as 75%. D iabetes m ellitu s  is 
also  relatively  co m m o n . In som e, g lucosc in to leran ce  
m ay be niore tro u b le so m e d u rin g  ep isodcs o f pancrea- 
titis. As 111 o th e r  causes of p an crea titis , p seu d o cy sts  an d  
h em o rrh ag e  can co m p lica te  the clin ical course . Im por- 
tan tly , the r isk  o f  p an c rea tic  cancer is in c reased  abovc 
th a t for the general p o p u la tio n  and  the cum ula tive  risk  
m ay be 40% hy age 70. T he inc idences o í these  com pli- 
ca tio n s  havc n o t b ee n  clearly  es tab lished , in  part be- 
cause , u n til recen tly , iden tifica tion  of p a tien ts  was 
lim ited  to clin ical d iagnoses.

T rea tm en t o f ac u te  ep isodes is su p p o riiv e , as d iscus- 
sed  la ter. L ittle can  be done to p reven t episodes. If trig- 
gers for acu te p an c rea titis  are  identiR ed, they sh o u ld  be 
avoided . In m ost p a tien ts , the triggers are elusive. E ven 
so, p a tien ts  sh o u ld  b e  advised  to avoid a lcoho l an d  m ed- 
ica tio n s kno \vn  to  cause  pancreatitis . A n tio x id an t cock- 
ta ils have been  su g g ested  as a w ay to p rev en t a ttacks, bư t 
no  s tu d y  has d e m o n s tra te d  clear benefit. R cgular m on- 
ito rin g  for co m p lic a tio n s  is an  im p o rta n t íacet of p a tien t

FIG U R E  3 Pancreatic pseudocysts. Flukl coỉlections are com- 
mon coniplications of acute and chronic pancreatitis. Larger col- 
lections may persisi and dcvelop a pseudomembrane. These 
collections can becom e iníected, obstruci other organs, and be 
a source of hcmorrhagc.

m anagem en t. P aú en ts  w ho  develop  pan c rea tic  insuffi- 
c iency  sh o u ld  receive p an c rea tic  enzym e and  fa t-so lub le  
v itam ỉn  su p p lem en ta tio n . Som e m ay req u ire  in su lin . 
C h ro n ic  pa in  develops in  m any  p a tien ts  and  p rese n ts  
d i í ík u l t  m an ag em en t dec isions. N arcotic  ana lgesia  m ay 
be req u ired  ío r long p e rio d s  of lim e. T rea tin g  s tru c tu ra l 
co m p lica tio n s m ay relicve pain  in  som e p aũ e n ts . 
P seudocysts can he observed  over tim e for sp o n ta n eo u s  
reso rp tio n  OT they  m ay re q u ire  d ra inagc (Fig. 3). C ur- 
ren tly , endoscop ic  in ie rn a l d ra inage an d  ex tern a l clrain- 
agc hy  in te rv en tio n a l rad io lo g is ts  offer viahle o p iio n s  to 
surger)'. T he ch ro n ic ity , sizc, loca tion , and co m p lex ity  
o f the  pscudocỵst all co n trib u te  to  clecisions a b o u t the 
best trea tm en t. G enerally , p an c rea tic  d u ct s tr ic tu re s  and  
pan crea tic  stones can be trea ted  b y  b a llo o n  d ila tio n  and  
s te n t p lacem ent d u rin g E R C P . In som e p a tien ts , su rg ica l 
d ra inage  p ro ced u res , su ch  as a m o d iíìed  P uestow  (lon- 
gitucỉinal p an c rea tico je ju n o sto m y ), are p erfo rm ed  in an 
a ttem p t to relieve c h ro n ic  pa in . The success o f  these  
p ro ced u res  is d iííicu lt to assess because available rep o rts  
g ro u p  h ere d ita ry  p an c re a titis  w ith  o th e r  fo rm s of 
ch ro n ic  pancreatitis .

A C U T E  PA N  c RE ATI TIS

P ancrea titis  in  ch ild ren  is no t com m on , a l th o u g h  the 
tru e  inc idence has never b ee n  reliab ly  d e te rm in e d . Ear- 
lie r p u b lish ed  series reportecl 2 to 9 cases p e r  year in  
each  in stitu tio n . A m ore re c e n t series from  a la rge  ch il- 
d r e n s  hosp ita l show s a steady  increase in in c id en c e  
from  5 cases p er year to  113 cases p e r  year 5 years 
la ter. W h e th e r  th is  change rep resen ts  an  actual in c rease  
in  in c id en ce  o r  in  d iag n o sis  is un certa in .



TABLE IV C oiĩiplications o f Acute Pancreatitis

Local
lidcm a
Inílammaũon
ỉ‘ai necrosis
Phlegm on
Hemorrhagc
Abscess
Hluid collections 
Iĩxiension to nearbv organs

Systemic
Shoek
Pulmonary cdema 
Pìeural eíTusions 
Acuie renal íailure 
Coagulopathv 
Hypocalcemia 
Hvperglycemia 
Disiam fai nccrosis

ex cep t tha t ab n o rm a l a tten ụ a tio n , ra th e r  than  altered  
echogenicity , is seen. lf  the p ancreas  does no t períuse  
w ith  in travenous c o n tra s t d u r in g  the  CT scan, pancre- 
atic  necrosis is likely. MRCP m ay be he lp íu l in  defm ing 
abno rm alities o f  the  ducta l System, b u t its u tility  in pe- 
d ia tric  pa ticn ts has n o t becn careíu lly  stud ied . ERCP 
sh o u ld  be rcserved  for p a tien ts  w ith  u n ex p la in ed  recur- 
re n t episodes o f p an c rea titis , a p ro longed  ep isode of 
pancreatitis , o r gallsione pancreatitis .

M edical m anagerrient o f acu te  p an crea titis  is sup- 
po rtive  and consists  oí p ro v id in g  adequatè  íluicls and  
analgesia and  o f m o n iio rin g  for m etabolic com plica- 
tions (Table IV). N u tritio n a l therapy  shou ỉd  be s ta rted  
earlỵ in the  h o sp ita liza tio n . ư n t i l  recen tly , paren iera l 
nu  tri ti on  was co n s id eređ  the  on ly  o p tio n , b u t several 
stuclies show  th a t ad u lt p a tien ts  w ith  acu te  p an c rea titis  
to ỉeraie  je ju n a l íeed ing  vvith íew er com plica tions than  
thosẹ  given p aren tera l n u iritio n .

P ortunate ly , p an c rea titis  is generally  not severc in 
ch ild ren . H em orrhag ic  p an c rea titis  and  in lected  pan- 
creatic  necrosis can  occu r, bu t the inc idence has no t 
b een  adequate ly  estab lished . H ypovolem ic sh o ck  and  
severe u n d erly in g  system ic illness are risk íacto rs for 
severe p an c rea titis  in ch ild ren . Typically , pa tien ts w ith  
severe p an c rea titis  develop  o m in o u s clin ical R ndings 
such  as peritonea l signs, resp ira to ry  d istress, or c ircu- 
la to ry  collapse. T he u tility  o f e ith e r the R anson  or 
APACHE II s c o r i n g  S y s t e m  f o r  t h e  s e v e r i t y  o f  p a n c r e a -  

titis  has n o t been  tested  in p ed ia tric s . T he p ro p h y lac tic  
use of b ro ad -sp ec tru m  an tib io tics  in  severe p ancrea titis  
rem a in s  an  u n se ttled  issue because  c u rre n t evidence 
su p p o rtin g  th is ap p ro ach  has m any u n ce rta in ù e s  and  
leaves u nansw ered  a n u m b e r o f q u es tio n s ab o u t deiails 
oí therapy . Still, m any  c lin ic ians w ou ld  com m ence a 
co u rse  o f b ro ad -sp e c tru m  an tib io tics  in critica lly  ill pa- 
tien ts. Surgical d e b rid e m en t is rarely  reqư ired  in  chil- 
d re n , b u ts h o u ld  b e  co n sid ered  in  p a tien ts  vvith necrosis 
w ho  are d e te rio ra tin g  o r  ía iling  to p rog ress  desp ite  m ax- 
im al su p p o rtiv e  care.

O th er co m p lica tio n s o f p an c rea titis  m ay requ ire  
spcciíìc  trea tm en t. P ancrea tic  pseudocysts o ccu r fre- 
q u en tlv  in ch ild rcn  and  are  m anaged as d iscussed

carlic r. A bscesses can o íten  be trea ted  w ith  ex te rn a l 
d ra in ag e  and  in trav en o u s an tib io tìcs  and  su rg ica l d ra in - 
age is rare ly  necessary . Surgerv  m ay be necessar)7 for 
tra u m a tic  ru p tu re  o f th e  d u c t a lth o u g h  en d o sco p ic  
s te n tin g  across the d is ru p te d  d u c t is  an o th e r  o p tio n .

C H R O N IC  PA N C R E A T IT IS

T he d is tin c tio n  betvveen acu te  and  ch ro n ic  p an c rea titis  
m ay p re se n t d iagnostic  p rob lem s, p a rticu la rly  in  the 
earlv  stages o í  ch ro n ic  pancrea titis . T o  m ake a d iagnosis 
o f ch ro n ic  p an c reaú tis , irreversib le  m orp h o lo g ica l 
ch an g es in  th e  pan c reas m u st be p resen t. T hese changes 
a re  m o s t o íten  d e te rm in e d  by rad iog raph ic  stucỉies o r by 
ERC P (Fig. 4). T he p resen ce  of p e rm a n e n t exocrine  
in su ííìc ien cy  and  d iab e te s  m ellitus in  asso c ia tio n  w ith  
the  m o rp h o lo g ica l changes greatly  aids the d iagnosis. 
P a tie n ts  w ith  re c u rre n t p an c rea titis  th a t is seco n d a ry  to 
d u c ta l o b s tru c tio n  m ay show  rad io g rap h ic  changes sim - 
ila r to  those  seen  in ch ro n ic  p an c rea titis  and  m ay even 
have ev idence of d ec reased  ĩu n c tio n , b u t these can ira- 
p rove  o n  co rrec tio n  o f th e  o b stru c tio n .

In p ed ia tric s , cystic Rbrosis is by far the com m onest 
cause  o f  ch ro n ic  p ancrea titis . O th e r  causes, h e re d ita ry  
p a n c rea titis  a n d  SDS, have been d iscussed . T he ren ia in - 
ing  causes o ccu r q u ite  in írequen tly . M any cases rem ain  
id io p a th ic  desp ite  advances in the d iagnosis  o f genetic  
an d  s tru c tu ra l defects. In a few affected  p a tien ts , b iopsy  
o f  ihe  p an c reas  reveals m arked  R brosis oí the  paren - 
chym a w ith  rela tive sp a rin g  of islets. This en tity  has 
b ee n  called  ju v e n ile  id io p a th ic  íib ro sin g  p an c rea titis  
an d  m av lead  to p an c rea tic  o r b ile  d u c t o b s tru c tio n  
by  fib ro tic  tissue. O th c r  iden tiíìab le  causes o f ch ro n ic  
p a n c rea titis  in c ìu d c  h y p e rp a ra th y ro id ism  (in  w h ich  the 
h y p erca lcem ia  is th o u g h t to  cause rep ea ied  ep isodes of 
p an c rea titis )  and  h y perlip idem ias , in  p a rticu la r  types I, 
IV, an d  V. T rop ica l p an c rea titis  is fo u n d  on ly  in  tro p ica l 
areas in c lu d in g  South Ind ia and A ữ ica  and  its etio logy 
rem a in s  u n k n o w n . A u to im m u n e  p an crea titis  causes 
c h ro n ic  p an c rea titis  associa ted  vvith inc reased  se ru m  
g am m a g lobu lin , au to an tib o d ies , en largem en t o f the

F IG U R E  4  ERCP in chronic pancreatitis. (A) Normal ductal 
anatomy is visualized by cơntrast injection. (B) The dilated and 
tortuous main pancreatic cluct in a patiení with chronic pancre- 
atitis. A stricture is present near the rail (arrow).



pancreas, w hich may be diffu.se 01 localized, and a nar- 
row  m ain  pancreatic  duct. A lthough  rare, the dìagnosis 
is im p o rtan t because these patien ts respond  to slero id  
therapy. To date, th e re  have been no reports of autoim - 
m u n e pancrea titis  in ch ild ren . The diagnosis and treat- 
m en t of ch ildhood  ch ro n ic  p ancrea titis  are the same as 
d iscussed  for h ered ita ry  pancreatitis .

S e e  A lso  th e  F o l lo w in g  A rt ic le s
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Pancreatic Ductal Adenocarcinoma
M ic h a ih . B o u v i  t ,  J e a n n ie  S h e n , a n d  A . R . M o o s s a  

ư m v m ily  o f  C a lịío rn ia , San D icgo

a d e n o ca rc in o m a  M alignant n eo p la sm  o f  ep ithc lia l or ig in  ihat 
is p red om in an tly  g la n d u la r  or d u cia l. 

a s c ite s  the a ccu m u la tio n  o f  free fluid in the p eriton ea l cavity. 
B lu m er’s s h e l f  P alpable rectovag in a l or reclovesica l nod u -  

larity that m ay rep resen t m etastatic  d isease ừ o m  an 
in tra -ab d om in a l or re trop eriton ea l m alignancy . 

ca r c in o m a to s is  T h e p r e se n c e  o f  w id esp read  peritoneal 
im p la n ts from  tum or. 

c h o la n g itis  In fectio n  o f  the b iliarv  tract.
C o u r v o is ie r s  s ig n  A n o n te n d e r , pa lp ab le gallb laddcr, often  

a sso c ia ted  w ith  a m alig n a n t o b stru c lio n  o f the co m m o n  
bile duct.

double d u ct s ig n  A radiographic sig n  se en  on computed 
to m ograp h y  sca n  or e n d o sc o p ic  relrograde ch o la n g io -  
p an creatograp h y that re su lts  from  the s im u lla n eo u s  
o b stru c tio n  o f  the c o m m o n  b ile d u c i and p ancreatit 
d u ct by a m ass from  the h ea d  of the pancreas. 

e n d o sc o p ic  rctrograd e c h o la n g io p a n c r e a lo g r a p h y  A m eih o d  
o f  ch o lan g iograp h )' ih at in v o lv cs  ca n n u la lin g  the 
sp h in c ter  o f  O ddi u n d er  d ir e c i V ision ulirough a íiber- 
o p iic  e n d o sc o p e .  

e n d ơ s c o p ic  u ltra so u n d  A m e th o d  of u ltrasou n d  p erĩorm ed  
vía an e n d o sc o p e  that can  be tiselu l in cva lu atín g  the

p resen ce  and  character o f  a gastric , d u o d e n a l, b iliary , or 
pan creatic  m ass. 

gasLric o u tle t  o b str u c t io n  A c lin ica l c o n d itio n  that co n sists  
o f  ep igastr ic  abdom inal p a in , early sa tie ty , an d  post-  
prandial e m e s ĩs  that can be a sso c ia ted  w ith , b u t is  not 
sp e c iíìc  to , p an creatic  m a lig n a n cy . 

g a str ic  v a r ic e s  D ila led  gastric v e in s  that o c c u r  as a resu lt of 
portal h yp erten sio n ; m ay a lso  o ccu r  as a resu lt o f  sp len ic  
vein  th ro in b osis. 

ja u n d ic e  Y ello w ish  d isco lo ra tio n  o f  the sk in . 
o n c o g e n e  T he a ltered  lorm  o f  a p r o to -o n c o g e n e  that 

p ro m o tcs u n co m r o lle d  cell p ro liíera tion . 
p r o to -o n c o g e n e  C ellu lar g en es  thai are in v o lv ed  in  the regula- 

tion  o f  p ro lifera (ion , d e v e lo p m e n t, and  d ifferen tia tio n . 
S iste r  M ary J o s e p h ’s n o d u le  P eriu m b ilica l m ass that may 

co n ta in  ly m p h  n o d e  m etastases [rom  a p eriton ea l source  
o f  m a lign an cy .

stca to rrh ea  E x c e ss  íecal lai, w h ic h  m ay b e  a m a n iĩe s ta tio i
o l p a n creaú c ex o cr in e  in su ffìc ien cv  a n d  fat m alabsorp-
Lion.

T r o u ssca u  s  s ig n  R ecurrenl or m igratory su p er íìc ia l th r o n -
b o p h le b ilis  thai mav be an earlv m a n iĩe s ta tio n  cf 
a b d om in a l can cer  or o ih ér  sỹ s te m ic  illn e sse s .



tumor suppressor gene Altered fơrm of anti-oncogene vvhose 
loss-of-function or deactivaLion has a permissive role in 
the development of a neoplasm.

Virchow’s node Lymph node located at the terminus of the 
thoracic duct in the lefi supraclavicular region that may 
contain lymph node mciastases from đistant primary 
sites via the re-troperitoneal and posimedỉastinal lymph 
channcls.

Pancreatic ductal adenocarcinom a is a m alignancy of the 
exocrine pancreas that is the fifth leading cause of cancer- 
rclated  deaths. A lthough the exact cause of th is disease is 
unknow n, factors thought to  con tribu te  its etiology in- 
clude cigarette sm oking and  o th er environm ental risks. 
The m olecular m echanism s involved in the pathogenesis 
o íth e se  tum ors include m u ta tio n s in the K-ras oncogene, 
p53 and DPC4 tum or su p p resso r genes, and the p l 6 cell 
cycle regulatory  protein. T he clinical sym ptom s of pan- 
creatic cancer include jau n d ice , abdom inal pain , and 
weighi loss. T here is often a delay in diagnosis th a t con- 
tribu tes to the high rate of m orta lity  resu lting  from  the 
disease. N ew er diagnostic and  staging m odalities involve 
the use of tum or m arkers, helical com puted tom ography 
scanning, iĩiagnetic resonance im aging, endoscopic ullra- 
sound, and ỉaparoscopy. If the tum or is localized to thc 
pancreas, surgical reseclion  oíTers the only chance o ílong- 
trrm  cure. A djuvant chem orad ia tion  strategies can im- 
prove survival and decrease local recurrence. In advanced 
diseasc, palliation o f obstructive  jaund ice , gastric outlet 
obstruction , and pain is im portan t.

IN T R O D U C T IO N

In the U nited  States, p a n c rea tic  cancer (ducta l adeno - 
carcinom a) acco u n ts  for ap p ro x im ate ly  30 ,000  dea th s  
p e r  year. T he m ạịo rity  o f p a tien ts  p rcsen t in  the  ỉate 
stages of the d isease w ith  locally  advanced  o r m etasta tic  
tum ors. O n ly  10—20% of p a tien ts  arc cand ida tes for 
resection  and  hence have any  p o ten tia l for cu re . The 
signs and sym ptom s o f p an c rea tic  cancer vary  from  
vague nonspeciíìc  ab d o m in a l com pla in ts  to  severe 
ja u n d ic e  an d  o ften  the d iag n o sis  can be d ifficult, espe- 
cially in the early  stages. ư n t i l  the  past decade o r  so, the  
trad itiona l a p p ro a ch  w as su rg ica l e x p lo ra ú o n  for tissue 
đ iagnosis, stag ing , an d  assessm en t of resectab ility . 
M ore recen tly , so p h is tica te d  tests, in c lu d in g  th in -cu t 
helical co m p u ted  to m o g rap h y  (C T ) scan, m agnetic  res- 
onan.ce im ag ing  (M RI), en d o sco p ic  u ltra so u n d  (EƯS), 
b iochem ica l tu m o r m ark e rs , íìne-needle asp ira tio n  
(FN A ) cytologv, and  lap aro sco p y , have added  a new  
d im ension  to  the  d iagnosis  an d  stag ing  of pancrea tic  
carc inom a. T he trea tm en t o f p an c rea tic  cancer is su rg i- 
c:al resection , w hen  possib le . A d ịuvan t ch em o rad ia tio n

h a s  been  sh o w n  by several, b u i n o i all, s tu d ies  to  im - 
p rove  sưrvival. T he overalỉ p rognosis for these p a tien ts  
d ep e n d s  o n  p a tho log ic  variab les o f the tum or. P u tu re  
s tra teg ies for ea rlie r d iagnosis and  tre a tm e n t are íocused  
o n  the cvolv ing  know ledge of thc genetic  m u ta tio n s  th a t 
ch a rac te rize  p an creas cancer.

EPID E M IO LO G Y  A N D  ETIO LO GY

C an ce r o f the  p an creas  is d is tin c tly  m ore com m on  in 
o ld er peop le  w ith  m o st p a tien ts  betw een  the  ages of 65 
an d  80  at d iagnosis. T here  is a sligh t m ale p red ilec tio n  
for the d isease w ith  th e  m ale to íem ale ra tio  be in g  1.3 to 
1.0. T he s tro n g es t associa tion  is betw een  p an c rea tic  
can ce r and  c ígarette  sm oking . C u rren t estim ates suggest 
th a t 30% o f p an c rea tic  cancer cases are due to c igarette  
sm oking . A h ig h -p ro ie in  an d  high-fat d ie t, charac teris- 
tic of the W e ste rn  p o p u la tio n , has been  p ro p o sed  as a 
possib le factor. E xposure  to in d u siria l carc inogens, es- 
pecia lly  b e tan a p h th y la m in e  an d  ben z id in e , has been 
d o cu m en te d  in  pancrea tic  cancer patien ts. A h igher 
th a t n o rm al in c id en ce  raie  o f the neop lasm  h as  also 
been reported in ehem ists, workers in m eial Industries, 
a n d  coal an d  gas p lan t em ployees.

D iabetes m ellitu s  has been  p ro p o sed  as a risk  íacto r 
for p an c rea tic  cancer. H ow ever, a large c o h o rt s tu d y  
ex am in in g  th is  issue sbow ed  tha t the d iabetes w as typ- 
ically o f new  onse t, in d ic a tin g  tha t i t  w as b rơ u g h t on  by 
the lu m o r. A n o th er knovvn risk  factor is longstand ing  
ch ro n ic  p an c rea titis . Such p a tien ts  havc a 1.8 and  4.0%  
chance of d ev e lo p in g  p ancrea iic  c an ce r 1 0  and  20  years, 
respectively , a ĩte r  th e ir  in itia l đ iagnosis o f ch ro n ic  pan- 
c reatitis . F:ina lly , pancrea tic  cancer is associa ted  w ith  
cc rta in  in h e rited  diseascs, su ch  as the atypical m ole 
m elanom a sy n d ro m e an d  h ered ita ry  pancreatitis .

PA T H O LO G Y  A N D  
M O L E C U L A R  BIOLOGY

M ost (95% ) m alig n an t neop lasm s o í pancrea tic  o rig in  
arise írom  the  ex o crin e  p o rtio n  o f the gland, w ith  ducta l 
a d e n o ca rc in o m a s b eing  the  m ost co m m o n  subtype. The 
p re d o m in an t h isto log ic  íeatu re  o f these tu m o rs is a 
dense  co llag en o u s strom a w ith  a tro p h ic  acini, rem ark - 
ably p rese rv ed  isle t cell c lusters, a n d  a sỉigh t to m o d era te  
increase  in  the  n u m b e r oi clucts, b o th  n o rm al-ap p ea rin g  
and  ca n ce ro u s  (Fig. 1). T he d iagnosis o f d u c ta l adeno- 
ca rc inom a res ts  on  the id en tiíica tio n  of m itoses, nuclear 
and  ce llu la r p le o m o rp h ism , d isco n tin u ity  o f ductal 
ep ith e liu m , an d  ev idence of p e rin eu ra l, vascular, or 
lym pha tic  invasion . M uch m ore in íre q u e n t are  tu m o rs  
arising  from  th e  islets o f L angerhans (en d o crin e  cells



FIGURE 1 Hematoxvlin and eosin section of pancreaiic ductal 
adcnocarcinoma. Notc extensive Rbrosis and perineural invasion.

o f the pancreas). P rim ary nonep ithelia l tum ors of 
the pancreas (e.g., lvm phom as or sarcom as) are 
ex trem ely  rare.

Sporađic cancers of the pancreas are írequently  ạs- 
soc ia ted  w ith the activation  of an oncogene, K-ras, and 
the inactivation  of m ultip le  tu m o r su p p resso r genes, 
in c lu d in g  p53, DPCA (dele ted  in pancreatic  carcinom a, 
locus 4), p l 6 , and  Rb. U p to 90% of hum an pancreatic 
cancers have ras gene m u la tions, niost of w hich  are 
K -ras m u taú o n s , and K-ras m u ta tions seem  to be an 
early event in pancreaiic  carcinogenesis. A n u m b e r of 
s tu d ies  have ind icated  that p53 m uuuions arc rc la ú v đ y  
com m on  in adenocarc inom a of thc pancreas, occu rring  
in 70% of patien ts. In add ition , p53  m u ta tion  m ay be an 
in d e p en d e n t p rognostic  íactor in patien ts w ith  pancre- 
atic ducta l adenocarc inom a. M utations in the p l 6 gene 
are found in app rox im ate lỵ  60% of pancreatic  adeno- 
carcinom as and  may be associated  vvith sh o rt patien t 
survival. DPC4 is inactivaied  in  approx im aie ly  ha lf of 
all pancreatic  cancers and , in co n trast to p53 and p ló ,  
appears to be relativelv specilĩc to pancreatic  cancer.

CLIN IC A L PR E SEN TA TIO N

T h e  c l i n i c a l  f e a t u r e s  o f  p a n c r e a t i c  c a n c e r  v a r y  f r o m  

vague sym ptom s of abdom inal d iscom íort to anorexia, 
w e i g h t  l o s s ,  a n d  o b s t r u c t i v e  j a u n d i c e  ( T a b le  I ) . T h e  

in itia l sy m p to m san d  s ig n sd ep en d  OĨ1 the site and  extern 
o f  t h e  p a n c r e a t i c  c a n c e r .  N o t  s u r p r i s i n g l v ,  l u m o r s  o f  t h e  

pancreatìc  body  and tail can grov. to a verv large sizc 
b c ĩ o r e  o b v i o u s  s y m p t o m s  a le r t  t h e  p a t ie n t  o r  p h y s i c i a n  

to the diagnosis. O n the o th e r  h an d .s in a ll lum ors, vvhen 
l o c a t e d  in  t h e  p a n c r e a t i c  h e a d ,  c a n  c a u s c  o b s i r u c t i v e

jau n d ice  o r "pancreatitis," a len in g  the c lin ic ian  to su s- 
p e c t  p a n c r e a t i c  c a n c e r .

Progressive jau n d ice  occurs in over 75% of p a tien ts  
w ith  carcinom a of [he head  of the pancreas and the  
incidence of jau n d ice  decreases as the location  of the 
lesion progresses to the left tow ard  the tail o f the p an - 
creas. O ccasionally , a tum or may invade and com press 
the th ird  or fourth  p a rt of the d u o d en u m  w ith o u t ac tu - 
ally obsLrucúng the com m on  bile duct. This is often seen  
in  cancer o rig ina ting  in the low er p a rt o f the u n c in a te  
process that tends to ex tend  inferiorly  in to  the ro o t o f 
the superìo r m esenteric  vessels. Pain is ex trem ely  fre- 
q uem  and  the classic d esc rip tio n  of pain less ja u n d ice  is 
rarely  encoun tered . W eight loss and ano rex ia  are also 
com m on sym pto tns even in early stages. N ausea, epi- 
gastric b loating , change in bovvel habits, and vom itíng  
are occasionally  p resen i. H em atem esis and m elena m ay 
som etim es occur in  late cases as a resu lt ol d irect inva- 
sion in to  the duodena l o r gastric m ucosa by tu m o r o r 
portal v e in —splenic vein com pression  by the tum or, 
le ad in g to g astr ic  varices. C hillsancỉ feverdue  to ascend- 
in g  c h o l a n g i ú s  r a r e ly  o c c u r  e v e n  in  l o n g s t a n d i n g b i l i a r y  

obsiruction  unless the bìliary tree is con tam ìnated  
by ca th e te rizaú o n  at endoscop ic  re trog rade  cholangio- 
pancreatog ram  (ERCP).

Physical exam ina tion  m ay n o t be pathognom on ic  
bu t m ay aid in the diagnosis. A pproxim ately  75% of 
paiien ts w ith  carcinom a of ihe head of the pancreas 
are jau n d iced . The palpab le gallb ladder (C ourvo is ie r’s 
sign) may be p resen t in 25% of patien ts w ith  a m alignant 
obstructiư n  oí the com m on  bile duct. P alien ts w ith 
advanced  disease m ay p resen t wit.h ascites, palpable 
suprac lav icu lar ly m p h ad en o p a th y  (V irchow ’s node), a 
perium bilical m ass (S ister M ary Jo se p h ’s n o d u le ), or 
a palpab le  rectovaginal or rectovesical nodu larity  
(B lum er’s sh e io . D iabetes of recen t onse l in  elderly

TABLE I Signs and Sym ptom s of Pancreatic Cancer

Ịauntiíce
Pain
VVeight loss
Anorcxia
Nausea
Bloating
Hmesis
Courvoisiers gallbladder 
Diabctes ol recent onset 
Advanced disease

Ascites
Virchow's node
Sister Mary ]oseph's nodult'
B lum ors sheir
Trousscaus s sign (migraiory thrombophlebitis)



patien ts w ỉth  vaguc g as tro in te s tin a l sym pto ins shoulcl 
a lert the physic ian  to a possib le u n d e rlv in g  pancreatic  
carcinom a. M igratory  th ro m b o p h le b itis  (T rousseau ’s 
sign) can be p resen t in  any  p a tie n t vvith advanced 
cancer, is no t speciíìca llv  ind icative  of pancrea tic  car- 
cinom a, and, by itselí, d o es  n o t m erit d iagnostic  
laparo tom y  o r laparoscopy .

D IA G N O SIS  A N D  S T A G IN G

ít is clear th a t no c lin ical íe a tu re  by  itself is  sufficiently 
accu rate  to m ake a d efin ite  d iagnosis  of, o r to exc lude , a 
p ancreatic  cancer. T he fo llow ing  list sh o u ld  serve as a 
g u ide line  to choose those  p a tien ts  w ho  m ay w arran t 
fư rther investiga tion  of the  pancreas. T he clin ical 5US- 
p icion  sh o u ld  be in c reased  in  p a tien ts  w ho are over 40 
ycars o f age, w ho are heavy  c igarette  sm okers , and  w ho 
p resen t vvith any  o f th e  fo llow ing sym ptom s: ( 1 ) ob- 
siruc tive  ịaund ice ; (2 ) u n e x p la in e d  rec en t w eight loss 
g rea ter ihan 10% o f b o d y  w eigh t; (3) u n ex p la in e d  u p p er 
abdom inal o r lu m b a r b ack  pain ; (4) u n ex p la in ed  dys- 
pepsia; (5) su d d en  o n se t o f d iab c te s  m ellitu s w ith o u t 
any p red isp o sin g  ĩac to rs , such  as a íam ily h istory  of 
d iabetes m ellitu s o r  obesity ; (6 ) one  or m ore a ttacks 
of “id io p a th ic ' p an c rea titis ; and  (7) u n ex p la in ed  steat- 
o rrhea. Ít sh o u ld  be rem em b ered  tha t the earlier the 
cancer, the m o re  d ifficu lt it is to ach icve a positive 
cliagnosis, even a t o p era tio n .

CA 19-9 and O ther Tum or Markers

CA 19-9 w as fìrst d esc rib ed  in  1979 as a tum or- 
associa ted  an tigen  a n d  la te r identiR cd as a Lewis 
b lood  g ro u p -re la ted  m u c in . A lthough  in itially  CA 
19-9 w as th o u g h t to be u se íu l in  the  m anagem en t of 
p a tien ts  w ith  co lo rec ta l ca rc in o m a , its ro le in  pancrea tic  
can cer becarne m o re  ev iden t. O ver the p ast 10 years, 
several hunclred p ap e rs  have su b se q u en tly  d o cu m en ted  
the u tility  o f CA 19-9 in  the  d iagnosis , p rognosis, and  
m o n ito rin g  o f p a n c rea tic  cancer. H ow ever, as is the case 
w ith  m o st tu m o r m ark e rs , the  sensitiv ity  of CA 19-9 is 
n o t perĩect. T h ere ỉo re , the  p ro p e r  ro le  for CA 19-9 is as a 
d iagnostic  acljunct o r  sim p ly  as a n o th e r  p iece of critical 
cliagnostic in fo rm atio n  to  be in teg ra ted  in to  the 
d iagnostic  d ec is io n -m ak in g  process.

W h e n  CA 19-9 re íe re n ce  values of > 9 0  or 
> 2 0 0  u /m l are used , the  d iagnostic  accuracy  for pan- 
crea tic  cancer is 85 o r 95% , respectively . H ow ever, there  
are several íacto rs th a tin f lu e n c e  CA 19-9 in te rp re ta tio n , 
inost im p o rtan tly  the  d eg ree  o f ịaund ice . The false in- 
crease  is likely because  o f  h ep a tic  insufficiency to de- 
g rade and  excrctc  CA 19-9 m etabolically . A dditionally , 
CA 19-9 levels can  be e lev a ted  in o th e r  tu m o r types,

su ch  as lung  and ovarian  cancers. E ven in severe cases oí 
p an c rea titis , h igh CA 19-9 levels are  no ted . In te ríc ro n  
sign ifican tly  elevates CA 19-9. F inallv , patien ts w ith  the 
Lew is b lo o d  p h en o ty p e  (-a, -b) and  pancreatic  cancer 
m ay n o t have eỉevated levels o f CA 19-9. The co m b in ed  
use  of CT an d  CA 19-9 in  n o n ic teric  p a tien ts  p ro v id es a 
positive p red ic tive  value of 99 to 100% in  the d iagnosis 
o f p an c rea tic  cancer w h en  a re íe ren ce  value of 10 0  ư /m l 
is used . L ikew ise, b e tte r  resu lts  are ob ta ined  if CA 19-9 
is u sed  in  co rỹ u n c tio n  w ith  u ỉtra so u n d  or ERCP. A host 
o f o th e r tu m o r m ark e rs , such  as CA 125, CEA, CA 494 , 
CA 242, CA 50 SPAN-1, DU-PAN 2, and  CA 1 2 - 5 ,  have 
been  described  for d e tec tio n  of pancreatic  adenocarc i- 
nom a. A lthough  som e o f these m ark e rs  appear p rom is- 
ing, m ost of them  are n o t w idely  available an d  have noi 
been  tested  to  sarne degree as CA 19-9.

Ultrasonography

Real-tim e u ltra so n o g rap h y  is an  excellen t m odality  
for the in itia l ev a lu a tio n  o f u p p e r abdom inal pain  or 
obstru c tiv e  ja u n d ice . It cloes noi en ta il ex p o su re  to ion- 
iz in g  rad ia tio n  and  is less costly  an d  lim e co n su m in g  
th an  CT scan. H ow ever, 15 to 20% of u ltra so u n d  exam - 
in a tio n s  are techn ically  su bop tim al, as a resu lt o f bow el 
gas in te rfe ren ce , obesity , o r p rev io u s opera tions. F ur- 
th e rm o re , v isu a liza tio n  of the  body , tail, and  u n c in a te  
p rocess is o íte n  m arg inal. Bile d u c t d ila tio n  d e íìn ed  as 
g rea ter than  7 m m  is com m o n ly  seen  w ith  carc inom a of 
the  p ạn c rea tic  head . H ow ever, bile d u c l d ila tio n  is not 
specific ío r ca rc in o m a and  m ay be ind icative  of 
advancing  age, p rio r cho lecysiec iom y, co m m o n  duct 
stones, a m p u lla ry  s tenosis, and  pancreatitis . P ancreatic  
ducta l d ila tio n , defined  as ductal d iam eter exceed ing
2 to 3 m m , is one of the m o st írequen t secondary  
signs, seen  in 20  to 60%  o f cases of p an c rea tic  cancer. 
M ost p an c rea tic  cancers are hypoecho ic  rela tivc to  the 
n o rm ạ l p a re n ch y m a , w hereas an  increase  in  echo- 
genicity  m ay be found  in focal pancreatitis . ư ltra so n o g - 
rap h y  is also  u se íu l in  the d e tec tio n  o f ascites a n d  liver 
m etastases. T h e  y ie ld  of u ltra so n o g rap h y  depends 
m ostlv  on  the sk ill of the u ltra so n o g ra p h er an d  th u s 
m ay vary  from  in s titu tio n  to in stitu tio n .

Com puted Tom ography Scanning

T h in -sec tio ĩi he lica l CT scan n in g  th ro u g h  the 
p ancreas vvith an  in trav en ơ u s bo lus in jec tio n  o f co n trast 
rem ain s the  test of cho ice  to  evaluate the ex tcn t of dis- 
ease in  p an c rea tic  can ce r and  to assess tu m o r resect- 
ab ility  (Fig. 2). T ypical CT íind ings of pancrea tic  
cancer are th o se  of a m ass th a t de ĩo rm s the size and  
co n to u r  o f th e  g land . M ost tu m o rs have a Central area 
of d ec reased  a t te n u a tio n  (h v podense  co m p ared  to



FIG L'RE 2 (A) CT scan shovving both com m on bile duct and pancreatic duct d ilation  (doub le duct sign) in a patient
with adcnocarcinom a o f  the pancreaùc head. (B) N ote the m assively enlarged, casilv palpable gallbladdcT (C ou rvo isiers  
gallbladder).

norm al pancreas). D ilation  of the pancrealic d u c t p rox- 
imal to the tum or is p resen t in 7 0 -8 0 %  of cases. O ther 
com m on Rndings in c lu d e  pancreatic a irophy  proxim al 
to the tu m o r and a doub le duct sign if the tum or is 
located  in the pancreaiic  head  (Fig. 2).

The radiologic c riteria  for potentially  resectable dis- 
ease are defined as ( 1 ) the absence of ex trapancreatic  
disease; (2 ) the absence of d irec t tum or ex tension  to the 
su p e rio r m esen teric  a rie ry  and  celiac axis as deíìned  by 
ihe p resence of a fat p lane betvveen the low-den.sity 
tum or and  ihese arte ria l s tructu res; and (3) a pateni 
su p e rio r m esen teric—porta l vein coníluence (Fig. 3). 
In add ition , CT is useíul in delerin in íng  the d istan t 
spread of pancreatic  cancer. Liver m etastases from

pancreatic  ductal carc inom a are hypovascu lar and are 
hy p o atten u a tin g  to ihe liver on  p o rta l-phase  scans 
(Fig. 3). O ther com m on sites of m etastases inc lude 
the m esenterv , the o m en tum , and the lungs. T he pres- 
ence ol ascites usually  ind icates carc inom atosis  and  un- 
resectability . Palse-negative CT scan n in g  can be caused  
by sm all (less than  1 cm ) m etastasis to the liver and 
sm all peritoneal seedings.

M a g n e tic  R e s o n a n c e  Im a g in g

A lthough CT scan is typically the íìrst cho ice in 
p ancreatic  im aging, MR1 is rap id ly  evolving an d  m ay 
play an  increasing  role in  the evaluation  of the patien t

FIC iU R E 3  (A) CT scan o f an unrcscctablc adcnocarcinom a ó f the pancreatic head with tum or encasem ent of thc
celiac artery. N ote the ex ten sive vcnouscoílaiera] secondarv to occiu sion  o f ihe superior m esenteric—portal vein  con lluence. 
(B) Largc h ypodense liver tnetastascs in siage IV pancreatic adenocarcỉnom a.



w ith  pancrcatic  cancer. o p tim a l MRI of the  pancreas 
uses phased-arrav  su rĩace  coils p laced  an te rio rly  Oĩì 
the p a tien t’s ab d o m en  and  p osle rio rlv  against the 
spine. Axial T I-  and  T 2-w eigh ted  im ages are then  
ob ta ined  th rough  the p an c reas using  a section  th ick- 
ness o í 6  to 8 m m , w ith  a 1  to 2 m m  gap, respectively . 
O n axial T l-w e ig h te d  im ages, p an c rea tic  abno rm alities 
generally  show  d ec reased  signal com pared  w ith  the 
relatively  h igh  signal o í the  n o rm al pancreas. Axial 
T 2-w eighted  im ages a re  p a rticu la rly  ưseful in asses- 
sing  the ex tern  of in ílam m ato ry  o r  cystic disease 
invo lv ing  the pancreas . D uct d ila tio n  is d em o n stra te d  
best on T 2-w eighted  o r m agnelic  reso n an ce  cholangio- 
p ancrea tog raphy  (M R C P) itnages.

E n d o s c o p ic  R e tr o g ra d e  
C h o la n g io p a n c r e a to g r a p h y

U ntil recen tly , ERCP played a m a jo r role in  the 
d iagnosis of p an c rea tic  cancer. H ow ever, rapicl techno - 
loiỊÌc aclvances in n ew e r im ag ing  m odalities, su c h  as 
M RCP and  en d o sco p ic  u ltra so n o g rap h y , are redefin ing  
the in d ica tio n s for ERCP. P u rth c rm o re , ERCP is an 
invasive test th a t carries a m o rb id ity  of 2 lo 3%, m ost 
com m onỉy  from  p an c re a titis  and  cho lang itis . T hereíb re , 
the ro lc of ERCP in  th e  d iagnosis o f p an c rea tic  cancer 
is rap id ly  d im in ish ing .

The u tility  of p reo p e ra tiv e  endoscop ic  s te n t d ra in - 
agé in  the ịau n d iced  p a tien t has been  con troversia l. 
Rccent data suggest th a t p reo p era tiv e  b iliary  drainage 
is associaled  w ith  inc reased  m orb id ity  a n d  n io rta lity  
rates in pa tien ts u n d e rg o in g  p an c rea tico d u o đ en ec to m y . 
At the M em orial S loan K ettering  C ancer C en te r, over 
half o f  p a tien ts  u n d e rg o in g  a W h ip p le  resection  u n d er- 
w ent p reo p e ra tiv e  b iliarv  d rainage (endoscop ic  sten ts, 
p e rc u tan e o u s  d ra in s /s te n ts , o r  su rg ica l d ra inage). Pre- 
opera tive  b iliary  d ra in ag e  w as d e te rm in e d  to  be th e  only 
sta tistica lỉy  s ign ifican t v ariab le  associa tcd  w ith  infec- 
tio u s com plica tions, in tra -a b d o m in a l abscess, and  post- 
opera iive  đea th . T hese  inv estig a to rs  co n c lu d ed  tha t 
s te n t d ra inage sh o u ld  be avo ided  w henever possib le 
in p a tie n ts  w ith  p o te n tia lly  resectab le p an c rea tic  and  
p erip a n crea tic  lesions.

ERCP w ill co n tin u e  to be ind ica ted  in  the p a tien t 
w ho is n o t a surg ical ca n d id a te . S tent d ra inage  is w idcly  
co n s id ered  a reaso n ab ỉe  w ay of p a llia ting  m alignan t 
o b stru c tiv e  jaund ice  in  p a tie n ts  w ho are n o t can d id a tes  
for o p era tiv e  pallia tion . O th e r  in d ica tio n s for ERCP 
in c ỉu d e  biliarv o b s tru c tio n  tha t is n o t associa ted  w ith  
a p an c rea tic  m ass. In  su c h  cases, d iagnostic  ERCP m ay 
reveal a n o n m alig n an t cause  of b iliary  o b stru c tio n  such  
as ch o led o ch o lith ias is , w h ich  can be effectively trea ted  
b \  sp h in c tc ro to m y  a n d  s to n e  ex trac tion . H ow ever,

d iag n o stic  endoscop ic  u ltra so u n d  is em erg ing  as the 
in itia l evaluative m cthod , reserv ing  ERC P íor sp h in c - 
te ro lo m y  an d  s tone ex traction .

E n d o s c o p ic  U l t r a s o u n d

E ndoscop ic  u ltra so u n d  p ro d u ce s  h igh -frequency  
u ltra so n o g ra p h ic  im ages of the p ancreas u sing  th e  w all 
o f  the  s to m ac h  and d u o d en u m  as an  acoustica l w inclow. 
EƯS p ro v id es an  excep tional degree of an a to m ic  detail 
th a t resu lts  in  the ability  to id en tiíy  a n d  stage lesions 
accurate ly . T he pancreas, p o rta l vein, celiac axis, com - 
m o n  bi le d u c t, gallb ladder, and  liver can  all be visual- 
ized  w ith  EUS (Fig. 4 ). A lthough  EUS itse lí do es no t 
p rov ide a tissue d iagnosis, the  d ev e lo p m en t o f  EƯS- 
g u id ed  FNA m akes d iagnosis possib le.

An ab u n d a n ce  of d a ta  in d ica tes  th a t EUS is a sensi- 
tive m e th o d  for the  de tec tion  o f  p an c rea tic  tum ors. The 
larger series have d em o n stra ted  sensitiv itie s of 90%  o r 
b e tte r. EUS is especiallv  h e lp íu l lo r sm alle r lesions. In 
m ost stud ies, Eưs is su p e rio r  to tran sab d o m in a l u ltra - 
so u n d  and  CT and  is eq u iva len t to  ERC P for lesions 
tha t are  3 cm  o r sm aller. M ost tu m o rs  are rela lively  
hyp o ech o ic  co m p ared  w ith  p an c rea tic  p a renchym a, al- 
th o u g h  the echo  p a tte rn  becornes m ixed  and  m ore var- 
iablc the  larger the  size of ihe tum or. C ancers tend  lo 
have an irreg u la r m argin , so m etim es w ith  ex ten d in g  
pseuclopoclia, b u i m alig n an t le s ions sm alle r than
3 cm  m ay have a sm oo th  m argin . U n fo rtu n a te ly , areas 
o f focal in íìam m atio n  can aỉso have a sim ilar hypoe- 
cho ic  p a tte rn  an d  th e re ío re  the  speciíic ity  for EUS for

FIGƯRE 4  E n d oseop ic  uhrasound  o f the pancreas. CBD, com - 
m on b ile  duct; GB, gallbladder; p, pancreas; PV, portal vein.



differen tiaúng  pancrea tìc  cancer from  focal pancreatitis 
is approx im ate ly  70%.

F in e -N e e d le  A s p ir a t io n  C y to lo g y

In pa tien ts w ith  po ten tia lly  resectable disease, pcr- 
cu taneous or endoscop ic  u ltrasound-gu ided  needle 
b iopsy shou ld  be considered  only in cases w here pre- 
trea lm en t cytologic confirm ation  of the diagnosis is im- 
portan t, such  as in p aú e n ts  being considered  for 
p reopera tive m u ltim oda lity  therapy  as part of a clinical 
trial. FNA is p erfo rined  by passing  a 21- to 23-gauge 
needle m to  the  pancrea tic  m ass using the appropriate  
im aging tech n iq u e  for gu idance and then apply ing  suc- 
tion  w ith a syringe. The specim en is then expressed onto 
a m icroscope slide, sm eared , fixed in 95% alcohol, and 
stained by the P apan ico laou  or o the r m ethod. If an  ex- 
perienced  cy topatho log ist is available, a d iagnosis can 
generally be m ade w ith in  2 0 m iĩiu tes of ob ta in ing  ihe 
biopsy.

The typical íind ings o f pancreatic  adenocarcinom a 
include single o r irregularly  arrangcd  clusters of cells 
exh ib iting  ce llu lar p leom orph ism , large vesicu lar nu- 
clei, and p ro m in e n t nucleo li. Howcver, such  cytologic 
appearances m ay som etim es fail to d iííeren tia tebetw een  
an  adenocarc inom a, a lym phom a, or an islet cell tum or. 
The m ain p rob lem  w ith  fine-needle asp ira tion , how- 
ever, is sam pling  erro r. A negative cytologic specim en 
does not exc lude canccr.

FNA of the p ancreas is  u se íu l for m asses in the body 
and tail of the gland because cancers in this locaúon  ave 
usually  un resec tab le , especially  if there is CT or ELS 
evidence of un resectab ility . ll  is especially valuable in 
the frail 01' e lderly  p a tien t in  w hom  One vvishes to avoid a 
purely  d iagnostic  laparo tom y  w hcn  surgical pallia tion  is 
n o t ind icated  o r w arran ted . T he tcchnique, how ever, 
shou ld  no t be used  for sm all, po ten tia lly  resectab le can- 
cers because of sam pling  e rro r and the theoretical pos- 
sibility  of seed ing  along the  needle tract. The pancreas 
is a vascular o rgan  vvith a rich  lym phatic netw ork. 
C om m on sense d ic ta tes that m eddlesom e needling 
can d issem inate a cancer tha t already has a h igh  pro- 
pensity  for local invasion  and  vascular perm eation. 
W hen FNA is ind ica ted , EUS m ay be the preíerred  
approach , ow ing  to a m ore d irec t route that does not 
violate the p erito n eu m .

L a p a ro s c o p y

Panereatic cancer is n o to rio u s for its high 
pred ilectìon  for liver an d  peritoneaì metastases. Identi- 
íying sm all (1  to  2 m m ) im p lan ts that are not definable 
on CT scan can now  be ach ieved vvith laparoscopv. 
Laparoscopy is m in im ally  invasive and can establish

the d iagnosis th ro u g h  visualization  an d  b iopsy of m et- 
astatic lesions. lt  can also serve as an avenue for o b ta in - 
ing peritoneal cytology, w hich  can be positive in  2 0  to 
30% of cases. W ith  peritonea l lavage, cyto logic exam  of 
w ashings can be positive up  to 30% of the tim e, in d i-  
ca ting  tu m o r un resectab ility  and  poo r survival (m ed ian  
<  6 m on ths).

The exact role of laparoscopy  as a d iagnostic  tool 
and  in  the stag ing  of pancreatic  cancer rem ains to  be 
deíừied. S tudies by C uschieri and W arshaw  have estab- 
l i s h e d  th e  v a lu e  o f  la p a r o s c o p y  in  d e t e c t in g  liver an d  
perúoneal m etastases. H ow ever, m any  of the ir p a tien ts  
h ad  locally advanced  disease tha t w as no t am enab le  to 
surgical resection . w h e n  laparoscopy is lim ited  to pa- 
tien ts w ho fulfilled stric t CT criteria  for resectab i- 
lity, F uh rm an  and colleagues could  n o t confirm  the 
d iagnostic value o f rou tine  preopera tive laparoscop ic  
evaluation.

S e q u e n c e  o f  D ia g n o s tic  T e s t s

The goal o f p reopera tive  d iagnostic  stag ing  in 
pancreatic  cancer is lo d ifferen iia te  the sm all g ro u p  of 
p aú en ts  w ho have a po ten tia lly  resectab le localized 
cancer from  those w ith  locally advanced  disease an d / 
o r d issem inated  m etastases. P igure 5 is an  a lgo rnhm  for 
the diagnosis and  staging of pancrea tic  tum ors. P atien is 
w ith  a clin ical susp ic ion  of pancreatic  cancer sh o u ld  
undergo  physical exam inaúon  and laboratory  evalua- 
tio n  inc lud ing  CA 19-9 levels. H elical CT scan is the 
inilial m odality  uscd to im age thc pancreas. MRI offers 
an  a lternative o r  ad ịunci to CT im aging of the pancreas. 
If the CT scan is equivocal, endoscop ic  u ltra so u n d  has 
been  found to be useful, especially  in  the de tec tion  of 
sm all am pu lla ry  or periam pulla ry  neoplasm s. lf  EUS 
reveals (ìndings o f unresectab lity , such  as su p e rio r m es- 
en teric  o r celiac a rte ry  encasem ent, po rta l vein occlus- 
io n , or liver m etastases, a lissue d iagnosis can  be 
established in  the sam e session by EU S-guided FNA.

If ihe p a tien t appears to have localized , surgically  
resectable d isease by CT and EUS, it is ap p ro p ria te  to 
p repare the pa tien t for an opera tion , L aparoscopy  m ay 
be used as a p relim inary  test to detec t sm all perito n eal or 
liver m eiastases tha t were no t seen on in itial im aging 
studies. The au th o rs  do no t advocate ro u tin e  b iopsy of 
the  mass o r peripancreaúc ly m p h  n odes ai surgery  be- 
cause these are excised en bloc w ith  the  specim en. O n the 
o th e r  h and , if the  tum or is found  to be unresectab le at 
opera tion , everv a ttem pt m ust be m adc to estab lish  a 
tissue d iagnosis by biopsv and frozen section  histology 
p rio r to leaving the opera ting  room . T his rem oves anv 
d o u b t abou t the exact d iagnosis and  the pa tien t can be 
referrecl for palliatíve treatm ent.
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FIGƯRE 5 A lgorithm  íor d iagnosís and staging o f  pancreatic tum ors.

C U R R E N T  T R E A T M E N T  STR A TEG IES  
A N D  PR O G N O SIS

E m phasis m u st be p laced  o n  p reo p era tiv e  eva lua tion  
and  adequate  p re p a ra tio n  o f p a tien t vvith pancreatic  
cancer. As m e n tio n ed  ea rlie r, CT scan , cytology, and  
Eưs provide the  su rg eo n  w ith  valuab le p reopera tive  
in ío rm a tio n  and  obviate th e  need  for tim e-consum ing  
m aneuvers on  the o p e ra tin g  table. It c an n o t be overem - 
phas ized  th a t p an c rea tic  ex p lo ra tio n  w ith  a view to re- 
sec tio n  shou ld  no t be p e r ío rm e d  by the occasional 
su rg eo n  o r re s id en t in  tra in in g  o r  at in s titu tio n s  
w here  there is n o t suffìcien t b ack -up  expertise  (endo- 
scopy , rad io logy , cytology, an d  critica l care) that is nec- 
essary  for the care and  m an ag em en t of these difficult 
problerns.

S u rg e ry

P an crea tico d u o d en ec to m y  (W hipp le  o p era tio n ) is 
m o st com m only  em p lo y ed  for tu m o rs of the head  of 
the  p an creas  (Fig. 6 ). T he o p era tio n  is op tim al for m a- 
lig n a n t tum ors th a t are co n íìn ed  to the  d u o d en u m , am - 
p u lla  o f V ater, o r  low er co m m o n  bile duct. The n eck  of 
the g land  is d iv ided  to the  left of the su p e rio r  m esen teric  
ve in  and  the body and  tạ il o f  the p an creas  and  sp leen  are

left u n d is tu rb e d . En bloc. exc ision  o f th e  reg io n a l lym ph  
no d es írom  the  p o rta  h ep a tis , ao rto cav a l, and  su p e rio r  
m esen teric  reg ions again  form s p a r t o f the  o p era tion . 
VVith the  W h ip p le  o p e ra tio n , en d o c rin e  íu n c tio n  can  be 
preserved . A ỉthough  th e re  is the possib ility  o f an  anas- 
tom o tic  lcak from  the p an c rea tico je ju n o sto m y , th is 
co m p lica tio n  occu rs in  less than  1 0 —15% ot p a tien ts  
a t cen te rs  experienced  w ith  p a n c rea tic  su rgery . Also, 
m ore  effective m an ag em en t o f p an c rea tic  anastom otic  
leakage w ith  h y p era lim e n ta tio n , p e rc u ta n e o u s  d ra in - 
age, an d  a so m a to s ta tin  an a lo g u e  h as  red u c ed  the  m ag- 
n itu d e  of th is  p rob lem . T o ta l p an c rea tec to m y  sh o u ld  be 
reserved  for s itu a tio n s  w h en  th e re  is tu m o r at the  pan - 
c reatic  m arg tn  on  seria l frozen  sec tio n s  o r  if the p an creas 
is n o t su itab le  for an anastom osis. A p y lo ru s-p re se rv in g  
W h ip p le  o p e ra tio n  is a reaso n ab le  a lte rn a tiv e  b u t m ay 
re su lt in  tran s ien t gastric  stasis.

A cancer o f the pan c reas is c o n s id e re d  u n resectab le  
i í  th e re  are d is tan t (liver o r p e rito n ea l)  m etastases, 
invasion  o f m a jo r vessels (p o rta l vein , h ep a tic  arte ry , 
su p e rio r  m esen teric  vessels, o r ce liac  ax is), o r any  ex- 
ten sio n  b ey o n d  the  area o f  u sua l to ta l pan c rea tec to m y  
specim en. T he possib le ex c ep tio n  is th e  case o f iso lated  
po rta l v ein  in v asio n  p ro v id ed  the  v e in  is p a ten t. In  these 
se lec ted  cases, p o rta l vein  re se c tio n  w ith  in te rp o sitio n  
graft p lacem en t has been  d escrib ed . P u ck erin g  o f the



FIG Ư R E  6 (A) VVhipple specim en írom a patient vvith pancreatic cancer. (B) The tumor issectioned.

transverse  m eso co lo n  p e r  se does n o t ahvays ind icate  
u n resec tab ility  since  ih e  transverse m esoco lon  an d , if 
necessary , th e  tran sv e rse  co lon  can be excised  in  a total 
p an c rea tec to m y  sp ec im en  if there are no  co n tra in d ica- 
tio n s to a resec tio n .

T he m o rta lity  fo r m a jo r  pancreatic  resection  is be- 
tw een  0 an d  5% at specializecl cen ters. D eath  as a resu lt 
o f opera tive  co m p lic a tio n s  usually  occu rs  w ith in  the 
íirsL 2 m o n th s  of o p e ra tio n . A íter 2 m o n th s  an d  up  to 
2 years la ter, d e a th  is u sua lly  due to m etas ta tic  pan cre- 
atic  can ce r a lth o u g h  a few ind iv iduals can p re se n t as late 
as th e  end  o f  th e  th ird  year w ith  m etastatic  disease. If the 
p a tien t has su rv ived  3 years, the cause oí clcath is usualỉy  
u n re la te d  to  p an c rea tic  canc.er. T he es tim ated  5-year 
survival ra te  in p a tien ĩs  w ith  ỉocaỊizẹ<i aclenocarcinom a 
o f the p an c reas  w h o  u n d e rg o  surgical rcsec tio n  o f the 
p rim a ry  tu m o r ranges ừ o m  6 to 24%. Survival a ĩte r  
p o ten tia lly  cu ra tiv e  resec tio n  ỉor pcriam p u lla ry  neo- 
p lasm s in c lu d in g  p an c rea tic  canccr d ep en d s  p rim arily  
on  p a th o lo g ic  íacto rs. F ac to rs  show n to in ílu en ce  su r- 
vival in c lu d e  tu m o r size, lym ph  no de m etastases, tu m o r 
d iffe ren tia tio n , m arg in  s ta tu s , and  vascu lar and  peri- 
n eu ra l invasion . In  a d d itio n , tum ors of the am p u lla  of 
V ater, d ista l c o m m o n  bi le d u c t, and  d u o d e n u m  have a 
m ore íavorab le  p ro g n o sis  th a n  tliat oí' p ancreatic  d u c ta l 
carcinom a.

C h e m o th e r a p y  a n d  R a d ia t io n

Data íro m  several random izecỉ tria ls have show n 
a sign ifican t su rv iva l b en e íìt in pa tien ts trea ted  w ith  
in ĩu s io n a l 5 -flu o ro u rac il (5-FU ) an d  ex ternal beam  
rad ia tio n  fo l!ow ing  p ancrea iec tom v . T h erc ío re , in 
p aũ e n ts  vvho are well en o u g h  lo lo lerate iu ad ju v an t 
c h e m o rad ia tio n  is reco m m en d ed . Novver agents, such  
as gem citab ine , are current.lv  being s tu d ied  in com bi- 
n a tio n  vvith ra d ia tio n  as a lternatives to 5-FU.

If d iag n o stic  s tu d ies  ind icate  tha t the p a tie n t has 
locally  aclvanced, un rcsec tab le  disease o r m e tas ta tic  d is- 
ease, n o n o p era tiv e  pallia tion  oí ja u n d ice  can  u su a lly  be 
ach ieved  by en d o sco p ica lly  p laced  b iỉia ry  s te n ts . lf  ihe 
p a tie n t surv ives ío r m ore  th a n  a few m o n th s , re c u rre n t 
ch o lan g itis  associa ted  vvith s te n t b loekage is  a p ro b lem  
th a i necessita tes reg u la r endoscop ic  rem o v a l an d  re- 
p lacem en t of the sten t. N ew er se lf-expand ib le  m etallic  
devices, su ch  as th e  W all s ten t, m ay p rov ide  im proved  
pa iency  rates co m p ared  to  p lasiic  sten ts. P e rcu ta n eo u s  
tran sh e p a tic  p lacem en t o f an  in te rn a l expanclable m etal 
s te n t is being  tried  by in tc rv en tio n a l rad io lo g is ts  and  
oífers yet a n o th e r  o p tio n  for pa llia tio n  o f the ja u n d ice d  
p a tie n t w ith  m a lig n an t b ilia ry  obstruc tion .

ìf  thcse nonopcraiivc tcchnỉques arc u nsuccessíu l, 
b ilia ry  trac i d ec o m p ress io n  can be p e r ío rm e d  e ith e r  
by ch o lecy sto je jn n o sto n iy  o r by  h ep a tic ọ je ju n o sto m y  
(each w ith a diverting enterostom y), depending OĨ1 
w h e th e r the cystic duct is vvidely p a te n t an d  is in full 
co m m u n ic a tio n  w ith  the b iliary  tree  p ro x im a l to ob- 
s tru c tin g  cancer. W h en  th e re  is ev idence o f gastric 
o u tle t o b s tru c tio n  í rom  tu m o r com pression  o f the du- 
o d en u m , g as tro je ju n o s to in y  can  be p erío rm ed . C hem o- 
rad ỉa tỉo n  w ith  5-FU  and  ex te rn a l bean i ir ra d ia tio n  for 
locallv  ad v an ced , un resec tab le  tu m o rs  is in d ica ted . If 
liver m etastasis  o r  ca rc in o m ato sis  is found  a t laparo t- 
om v, sing le-agen t ch em o th e ra p y  vvíth gem citab ine 
m ay p rov ide  pa llia tio n  an d  im prove the p a tie n t’s 
q u a lity  o f life.

C O  N C L U S IO N

P ancrea tic  cancer is a co in m o n  cause of can ce r-re la ted  
m oria líty . A lth o u g h  the ex a c t etio logv for pancreaiic  
cancer is u n k n o w n , the m o lecu lar even ts iha t take 
p lace involve m u ta tio n s  in oncogenes a n d  tu m o r



su p p rcsso r genes. T he d iag n o sis  o f p an c rea tic  cancer 
co n tin u e s  to evolve vvith nevv tech n o lo g ica l advances 
in im aging, en d o sco p y , an d  b io ch em ica l tu m o r m ark- 
ers. T he goal o f su ch  new  d iag n o stic  te sting  rem ains 
ea rlie r tu m o r d e tec tio n , th u s  p ro v id in g  the p a tien t 
w ith  the best chance  for cure . T he p rim ary  trea tm e n t 
for localized  d isease  is su rg ica l resec tiọ n . A d juvan t 
ch em o rad ia tio rt has b een  sh o w n  by m ost, b u t no t all, 
s tu đ ie s  to im p ro v e  local co n tro l a n d  survival. In  p a tien ts  
vvith advanced  d isease , p a llia tio n  o f ja u n d ic e , pa in , and  
gas iric  o u tle t o b s tru c tio n  can  be ach iev ed  by the use of 
s te n ts  a n d /o r  su rg ica l bypass. N ew er agen ts, su ch  as 
gem citab ine , have  b een  shovvn to im prove the quality  
o f ]ife for p a tie n ts  w ith  ad v a n ce d  pan c rea tic  cancér.
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acetylcholine The major neurotransmitter of the parasvmpa- 
th e tic  n erv o u s sy stem . 

cholecystokinin A gastrointestinal peptide hormone with 
m u lt ip le  íu n c t io n s  reg u la tin g  p an creatic  se cre tio n  and  
g a stro in testin a l íu n c tio n . 

cholecystokinin-releasing peptide A trypsin-sensitive pep- 
t id e  vvhose p resen ce  in  the  lu m e n  o í the im e st in e  lea d s to 
th e  re lea se  o f  c h o le c y s to k in in  frc)in in te stin a l en tero en -  
d o c r in e  ce lls .

chyme The mixlure of ingested foodsiuffs with gastric 
secretions.

dorsal m otor nucleus of the vagus A region oí the brainslem 
th a i c o n ta in s  n u c ỉe i for vagal e íícren t n eu ron s. 

enteroendocrine cells Endocrine celỉs íound ihroughout ihe 
e p ilh e liu m  o f  th e  g a stro in tesiin a l tract.

G-proteins Guanine nucleotide-bincling proteins. 
protein kinases Enzymes that adcỉ phosphaie groups to 

proteins and thereby regulate ihcir íunctions. 
se c r e t in  A g a stro in testin a l p e p tid e  h o rm o n e  that st im u la tes  

b ica rb o n a te  a n d  íluici se c r e t io n  írom  p an crea tic  d u cts . 
v a g u s  n e r v e  T h e lO th  cran ia l n erve, w h ich  in n ervates m uch  

o f  the d ig e st iv e  sy s te m , in c lu d in g  the pancreas. 
zymogen granule The membrane-bound granules within 

p a n crea tỉc  acin ar c e lls  th a i sto re  d ig estiv e  en z y m e s.

P ancreatic secretion  occurs in various “phases” corre- 
spond ing  to  the dem and for pancreatic juice. The m ajor 
phases are the (1) in terdigestive, (2) cephalic, (3) gastric, 
(4) in te stin a l, and (5) hum oral phases. The in terdigestive 
phase is th a t period betw een m eals w hen there is little 
need for pancreatic  ju ice. The cephalic phase occurs w hen 
there is  an ticipation  of íbod, perhaps due to sm ell, taste , 
o r h ab itu a l behavior associated  w ith  fceđing. The gastric 
phase begins w ith  the ingestion of food and corresponds 
to tha t period  o f tim e w hen the food rcsides vvithin the 
stom ach, beíore en tering  the sm all intestine. The in testi- 
nal phase  is the tim e du ring  w hich  the food resides w ith in  
the in testine ; th is phase corresponds lo the period w hen 
there is  peak dem and for pancrcatic  ju ice. The hum oral 
phase  describes the tim e aftc r signiíìcant digestion  has 
taken place and  n u tr ie n t absorp tion  has occurrcd , but 
w hile active digestive processes arc still p resent. Speciíic 
regulatory  m echanism s are responsible for regulating  
pancreatic  secretion  du ring  thesc differcnt phases and 
these reguỉatorv  m echanisins arc the prìinar)' tocus of 
th is  article.

INTRODUCTION

The ex o c rin e  p an c reas  p ro d u ces  a b ic a rb o n a te -ric h  
sec re tio n  te rm ed  “p an c rea tic  ju ice '” th a t c o n ta in s  ab u n - 
d an t d igestive enzym es, p ro te in s  spec ia lized  for th e  m o- 
le cu la r d isassem bly  o f com p lex  o rgan ic  c o n s titu e n ts . 
P an crea tic  ju ice  is necessary  for th e  p ro p e r  d ig estio n  
oF ingested  foodstuffs. R elative to its w eigh t, the p an - 
creas secre tes  m o re  p ro te in  th a n  any  o th e r  o rgan. W ith - 
o u t p ro p e r  d ig estio n , food c a n n o t be ab so rb ed  an d  
h ence in su ffic ien t p an c rea tic  secre tio n  can  lead tơ m al- 
n u tr itio n . F u rlh e rm o re , u nd igested  food th a t reach es 
the co lo n  p ro m o tes  b lo a tin g , gas, an d  d ia rrh ea . T hus, 
it is im p o rta n t th a t p an c rea tic  secre tio n  m atch es food 
in take.

P an crea tic  ju ic e  o rig in a tes  from  the ex o c rin e  pan- 
creas, w h ich  is co m p o sed  of n u m e ro u s  ac in i, c lu ste r- 
like g ro u p s  of ac in a r cells, an d  assoc ia ted  du cts . T he 
ac in a r cells are resp o n sib le  ío r the syn thesis , s to rage 
vvithin zym ogcn  g ran u le s , an d  reg u la teđ  release of íhe 
d igestive enzym es an d  m ay also c o n trib u te  to  the ílu id  
c o m p o n en t o f p a n c rea tic  ịuice. T he d u c t cells p rov ide  a 
co n d u it for passage o f  p an c rea tic  ju ic e  o u t o f the pan- 
creas an d  are also the  p rim ary  site  oí p an crea tic  b icar- 
b o n a te  an d  ílu id  secre tio n . Because the m ajor 
c o n s titu e n ts  o f p an c rea tic  ju ic e , d igestive  enzym es 
and  b ic a rb o n a te -ric h  (luid, o rig in a te  in  tw o d iíĩe ren t 
cell types, it is possib le  e x p e rim en ta lly  to  sep ara te  the 
íacto rs th a t in fluence ea ch  co m p o n en t. H ow ever, phys- 
io log ically  these c o m p o n e n ts  are n o t sep ara ted  b u t 
o ccu r in a co o rd in a te d  m a n n e r  w ith  g rea ter o r lesser 
p ro p o rtio n s  of each  b e in g  se c re te d  d e p e n d in g  o n  the 
dem anci. In a d d itio n  to  these tw o basic  cell types tha t 
p ro d u c e  p an c rea tic  ju ic e , th e re  are o th e r  im p o rta n t in- 
A uences o n  p an c rea tic  secre tio n . O ne su c h  in íluence is 
the sp h in c te r  of O dd i. T his sp h in c te r, located  at the 
en tra n ce  of the co m m o n  b ile /p an crea tic  d u c t in to  the 
in te s tin e , regu la tes ihe  flow o f ju ice  from  the pancreas 
in to  the in testin e  an d  is in ílu e n c e d  by n ervous and  
h o rm o n a l inpu ts . A n o th e r  in ílu en ce  o n  pancreaiic  
secre tio n  is p an c rea tic  b lood  flovv. Secretion  is an 
en e rg y -c o n su m in g  p ro ce ss  su c h  th a t increased  b lood  
flow, su p p ly in g  oxvgen  to  the tissue, is req u ired  d u rin g



FIG URE 1 Regulation of exocrine pancréatic secretion. Pancreatic sccretion o f protein from 
acinar cells and o f íluicl and bicarbonate írom duci cclls is rcgulated by cholincrgic (ACh) and 
peptiđergic neurons within the intrinsic pancreatic neụral nctwork. Activity of thc 
intrapancreatic ncrves is modulated by extrinsic innervation through the vagus nerve originating 
in the brainstem. Vagai signals are iníluenced by iníormation arising írom sensory input both 
within the vagus and from other Central nervous system (CNS) centers that are coordinated in the 
nucleus of the soỉitary tract (NTS). Pancreatic secretion is also m odulated both positively (solid  
arrows) and negatively (dashed arrows) by hormones. Hormones arise both from thc endocrine  
pancreas and from enteroendocrine cells within the epithclium  of the intestine. Horm ones can 
have direct eíĩects or iníluence the nervous system. CCK and secretin are the major hormonal 
regulators of pancreatic secretion. CCK inAuences pancreatic secretion in humans by aetivating 
afferent neurons w ithin the enteric nervous system. Secretin acts directly on pancreatic duct cells 
and synergizes w ith the etĩects of ACh ơn acinar cells. Somaiostatin is an inhỉbitory subsiance ihat 
appears to act as a hormone on the CNS and also as a paracrine inhibiior of CCK and secretin 
release. H orm one-secreting cells and nerves within the gastrointestinal (G i) tract respond to ihe 
prescnce of speciíĩc com ponents o f chyme within speciíìc com partm ents of the GI tract. The 
release of CCK and secretin appears to be regulated by releasing íactors origm ating from cells 
within the GI tract. Signals from proximal portions of the GI tract tend to be stimulatory, whereas 
those from distal portions tend to be inhibitory.



active secre tio n  an d  íacto rs thá t đ im in ish  pancreatic  
b lood  flow  recluce p ancreatic  secretion .

G E N ER A L  ISSU E S C O N C E R N IN G  THE  
IN T E G R A T IV E  PH Y SIO LO G IC  
R E G U L A T IO N  O F PA N C R EA TIC  
ENZYM E SE C R E T IO N

P ancreatic  secre tion  is iníluencecl by m an y  tvpes of 
regu la to rs , ín c lu d in g  ho rm ones, n cu ro tran sm itte rs , 
and  p aracrin e  effectors. F igure 1 su m m arizes  the 
ro les of several o f the  m ajor regu la to ry  íacto rs tha t 
w ill be d iscussed  in  th is article . As n o ted  in  Fig. 1, 
the effects o f  reg u la to ry  substances on pan c rea tic  secre- 
tio n  can occu r e ith e r d irectly , by eííects on ac inar or 
d u c t cells, o r  ind irectly , by effects on a íĩe ren t n eu ro n s , 
the Central nervous system  (CN S), o r c n te ro en d o c rin e  
cells. R egulatory  su b stan ces can also have in ie rac tio n s 
w ith  one an o th e r  th a t can be an tagon istic , add ilive , 01* 
svnerg istic .

M any íacto rs are able to in íluence pan c rea tic  secre- 
tion  experim en tally . H ow ever, not all íac to rs  that are 
able to affect secretion  do  so in a norinal physio log ical 
se tting . T h u s , it becom es im p o rta n t to d is tin g u ish  be- 
tw een  those tha i no rm ally  regu la tc  pancrea tic  secretion , 
generally  te rm cd  “physiological," an d  those  tha t in ílu - 
ence secre tion  only  u n d e r  experim en tal co n d itio n s, 
o íten  te rm ed  “pharm aco log ica l.” In o rd er for a regula- 
lory su b stan ce  to be considered  physio log ical, it m u st 
m cct ce rta in  criteria. F irst, the  co n c cn tra tio n  o f  ihe sub- 
stance m u st increase in  the  physio logicaỉly  relevant 
co m p artm e n t d u rin g  the  ap p ro p ria te  phase of d igestion . 
F or a h o rm o n e , tha t m eans that p lasm a levels, w hich  are 
relatively  easy to m o n ito r, m ust be elevated . F or neu- 
ro tra n sm iu e rs  ơr p a rac rin e  regulators, the  relevan t 
co m p artm e n t is m u ch  less accessible and d e te rm in a tio n  
of re levan t co n c en tra tiọ n s  can be difficult. Second , con- 
ce n tra tio n s  of the can d id a te  regu la to r tha t occu r n a tu - 
rally  m u s t be  able to in íluence  pancrea tic  secretion . 
Again, inany  subsiances can a íĩec t pan c rea tic  secretion  
at h igh co n c en tra tio n s  tha t do  no t in íluence pancrea tic  
secre tion  in  no rm al circum stances. This c rite rio n  re- 
qu ires know ledge o f the physio logic co n c en tra tio n , 
w h ich  is again  easier for lìo rm ones than  fbr n eu ro tran s- 
m itters o r p aracrin e  substances. P u rth e rm o re , som e reg- 
u la to rs  have im p o rta n t synergistic in tc rac tio n s w ith  
o th e r  regu la to rs. In th is  case, ad m in is tra rio n  of one 
vvithout the  o th e r m ay not be su ííìcicn i to elicit a re- 
sponse. T he th ird  c r ite r io n  is tha t in h ib itio n  o f the reg- 
u la to r sh o u ld  in ílu en ce  pancreatic  secre tion  d u rin g  a 
norm al m eal. E xperirnen ta l stra teg ies to tcst th is mav 
inc lude  ph arm acọ lo g ica l, im m unoìog ical. an d  genetic

app roaches . Each of these ex p e rim en ta l a p p ro a ch es  h as  
its caveats. H ow ever, w hen  several ap p ro ach es verify  the  
sam e ro le , th en  s tro n g  co n c lu sio n s can  be m ade. Sim - 
ilarly, it m ay no t be possib le  to fulfi]] all th ree  o f these 
criteria  for a speciRc m o lecu le , b u t the n io re  c rite ria  th a t 
can be fulfiìled, the s tro n g er the a rg u m e n t for a phvs- 
iologic role.

IN T E G R A T IV E  R EG U LA TO R S OF  
PA N C R E A T IC  SEC R E TIO N

N e u r a l  M e c h a n is m s  

Intrinsic Pancreatic Neurons and the 
Enteropancreatic Neural Reflex

ìn tra p an c re a tic  postgang lion ic  cho linerg ic  and  
n o n ch o lin e rg ic  n eu ro n s  d irec tlv  in íluence  ac inar an d  
d u c i cell secre io ry  activity . T hese n e u ro n s  are ac tiva lcd  
b y  t h e  C e n tr a l  n e r v o u s  s y s t e m  V ia  t h e  v a g u s  n e r v e .  

Im p o rtan t vagovagal reOcxes occu r d u r in g  gastric and  
in testin a l phases of p an crea tic  secretion  in w hich  b o th  
afferen t an d  e ffe ren in e rv es a rc  carried  by thc vagus. The 
vagal a íĩe rcn t nerve te rm in a ls  in the s to m ach  an d  duo- 
d en u m  are  responsive  LO ch o lecy sto k in in  (C C K ), lep tin , 
se rọ to n in , in te r leu k in -lB , a n d  m echan ica l s tim uli and 
co m m u n ica te  w ith  the C entral nervous system . D irect 
neural co n n ec tio n s  have also  been  recen tly  described  
be tw een  n eu ro n s  in  gangiia o f  the m yen teric  plexi o f the 
s to m ach  and  d u o d en u m  and th e  in trap an crea tic  p lexus. 
These en te ro p an c re a tic  neu rạ l palhw ays have cho liner- 
gic an d  se ro io n erg ic  com p o n en ts .

The Central Nervous System Controls 
Pancreatic Secretion through the 
Autonomic Nervous System

D u rin g  the cephalic  ph ase  of pan c rea tic  secretion , 
in ĩo rm a tio n  from  olíactory , visual an d  o th e r  in p u ts  is 
in teg ra ted  at ihe level o f the n ư c leu s of the  solitary  trac t 
(N TS), w h ich  is located  in th e  m edu lla  o r b ra instem . 
S im ilarly, d u rin g  la ter phases of p an crea tic  secretion , 
i n í o r m a t i o n  a r r i v i n g  f r o m  v a g a l  a í ĩ e r e n t  n e u r o n s  is  

p rocessed  in  the NTS. The NTS p ro jec ts  to  the efferent 
vagal n e u ro n s  in  th e  dorsal m o to r  n u c leu s  of the  vagus. 
C en tra l s tim u la n ts  o f vagally m ed ia ted  p an crea tic  secre- 
t i o n  r e m a i n  t o  b e  c l e a r l y  i d e n t i R e d .  H ow ever, C e n tr a l  

a d m in is lra tio n  of orexin-A  an d  th ỵ ro trop in -re leasing  
h o rm o n e  s tim u la tes  p an crea tic  iuice Qow. C entral in- 
hib.itors o f vagal effercnt n e u ro n s  inc luđe  pancreasta tin  
a n d  p a n c r e a t i c  p o l y p e p t i d e .

T he p arasym pathe tic  n e rv o u s sysiem  is the  m ạịor 
co n tro lle r  o f pancreatic  sccre tion , w ith  ihe vagus 
nerve b e in g  the p rim ary  so u rce  of parasvm pathetic



innerva tion . A ctivation  o f pa rasy m p ath e tic  activ itv  
s tim u la tes  p an c rea tic  ílu id  and  cnzym e sec re tio n . In 
co n trast, the sy m p a th e tic  n ervous system  prim arilv  
plays an  in h ib ito rv  ro le  in  regu la ting  p an c rea tic  secre- 
tion. S vm pathetic  in n e rv a tio n  o cc u rs  ch ieíly  th ro u g h  
the sp lan ch n ic  nerves. S p lanchn ic  n eu ra l ac tiv a tio n  ap- 
p ears  to in h ib it p an c rea tic  secre tion  la rge ly  th ro u g h  its 
vasoconstric tive  e íĩec ts  on  pancreatic  b lo o d  flow.

N eurotransmitters Reguỉating 
Pancreatic Secretỉon

The m ost im p o r ta n t s tim u la n t o f p an c rea tic  secre- 
tio iì is ace ty lcho line  released  from  the nerv e  te rm in i of 
in trap an crea tic  n e u ro n s , w h ich  acts d irec tly  o n  bo th  
ac in a r an d  d u c t cells th ro u g h  the o cc u p a tio n  of m usca- 
rin ic  cho linerg ic  rec ep to rs  (m 3 recep to rs). A ctivation  of 
these recep to rs  leads to inc reased  ce llu la r s igna ling  
evcnts, \vh ich  resu lt in  the exocy to tic  release o f d igestive 
enzym es from  th e  p an c rea tic  ac in a r cell an d  inc reased  
b ica rb o n a te  and  ĩlu id  secre tio n  from  the  d u c t cells. 
T hus, in h ib itio n  of cho linerg ic  n e rv o u s  tran sm issio n , 
for exam ple , by  ad m in is tra tio n  oí a tro p in e , in h ib its  
b o ih  ílu id  and  enzym e secretion .

T here are also d irec t ac tio n s o f n o n ch o lin e rg ic , 
p ep tiderg ic  n e u ro tra n sm itte rs  re leased  from  in lra - 
pan c rea tic  n eu ro n s . G astrin -re leasing  p ep tid e , vasoac- 
tive in testina l p ep tid e  (VĨP), and  p itu ita ry  adeny la te  
cyc iạse-ac tiva ting  po ly p ep tid e  are storecl in an d  re leased  
(rom  in tra p an c re a tic  n eu ro n s  an d  can  ac t as s tim u ia n ts  
o f p an crea tic  secre lion . T hese effects a re  m o re  pro- 
n o u n ce d  in  c e rta in  an im al species. S o m ato s ta tin , pep- 
tide  ty rosine  ty rosy lam ide (PYY), an d  e n k e p h a lin s  are 
exam ples of p e p tid es  tha t act as in h ib ito rs  of p an c rea tic  
secre tio n . Few  o f these, how ever, ac t d irec tly  on  ac inar 
cells an d  m o st in h ib it the CNS o r ac t at the  levcl of 
in ira p an c re a tic  ganglia. The speciíic ro les  o f these 
p ep tid erg ic  n eu ro tra n sm itte rs  has been  d ifficu lt to 
det.erm.ine because  o f sign iíìcan t in te ra c ú o n s  betvveen 
reg u la to rs  an d  species d iffe rences in  ihe ac tiv itv  of the 
regu la io rs.

H o r m o n a l  M e c h a n is m s

P an crea tic  se c re tio n  is also reg u la ted  by the ac tio n s 
o f a n u m b e r  o f g as tro in tes tin a ỉ h o rm o n es  tha t o rig in a te  
from  en d o c rin e  cells w ith in  the m ucosa o f the  gastro- 
in ie s tin a l trac t and  are the re fo re  re ferred  to  as “en te ro - 
e n d o c r in e ” cells. T hese h o rm o n es  are re leased  in to  the 
b lo o d  o n  in g estio n  o í a m eal. Ind iv idual h o rm o n e s  are 
reg u la ted  by specific co m p o n en ts  of the chym e, in c lu d - 
ing  b o th  ingested  foodstuffs an d  c o m p o n en ts  se c re te d  
in io  the gu t by m ucosa l cells an d  accessory  organs. 
H o rm o n es  travel th ro u g h  the b lo o d  an d  can  have d irec t

effects on p an c rea tic  ac in a r o r d u c t cells vía h ig h -a ííin itv  
re c e p to rs  for the  h o rm o n e s  o r thev m av in te ra c t w ith  
a ffe ren t n e u ro n s  to reg u la te  local n e u ra l m ech an ism s o r 
act o n  C e n tr a l  n e ư r a l  s i t e s .

Cholecystokinin

CC K  is the m ajor p c p tid e  h o rm o n e  th a t reg u la te s  
p an c rea tic  p ro te in  sec re tio n . CC K  also  in ílu en c es  the 
flow  o f sec re tio n s  in  to th e  sm all in te s tin e  by re la x in g  the  
sp h in c te r  of O dd i and  co n tra c tin g  the  gallb ladder. In 
ad d itio n , CCK red u ces  g as tric  em p ty ing . T ak e n  to- 
g e th er, these ac tio n s o f  CC K  reg u la te  the m o v e m en t 
of b o th  food an d  d igestive sec re tio n s  in to  the sm a ll in- 
testine . CCK also su p p o ris  p an c rea tic  secre tio n  th ro u g h  
its tro p ic  effects 011 the  pancreas . It s tim u la te s  the  
sy n th esis  o f new  d igestive enzym es an d  m a in ta in s  the  
g ro w th  of the pancreas. In v ario u s  species, the p an c reas  
a tro p h ie s  in  the  absence o f  in tra lu m e n a l n u tr ie n ts  an d  
w ill g row  u n d e r  c o n d itio n s  in w h ich  p lasm a C C K  is 
ch ro n ica lly  e levated , as o cc u rs  fo llow ing  a d m in is tra tio n  
o f try p s in  in h ib ito r.

CC K  is p ro d u c e d  a n d  sec re ied  by a speciíic class o f 
in te s tin a l e n te ro e n d o c rin e  cells (I ce lls). l t  is re leased  
by hy d ro ly tic  p ro d u c ts  o f  d ig e s tio n  in c lu d in g  am in o  
ac ids and  fatty  acids. T he m e ch a n ism  by w hich  
these n u tr ie n ts  in d u ce  C C K  release is no t fully u n d e r-  
s to o d . The p resen ce  o f active try p sin  in  the in te s tin a l 
lu  m en  in h ib its  CCK relcase in  m an y  spec ies an d  
in g estio n  of try p s in  in h ib ito rs  causes h igh  aiìd  sus- 
ta in ed  lcvcls o f p lasm a CCK. D iversion  o f the p an c rea tic  
ju ic e  from  the c luodenum  also in c reases  CC K  p lasm a 
levels. T aken  to g e th er, these  o b se rv a tio n s suggest 
th a i íeedback  in h ib itio n  o f  CC K  releasc occurs. T he 
“feedback  h y p o th e s is” suggests th a t p ro te in s  b in d  o r 
in h ib it in tra lu m en a l en d o p e p tid a se s , w h ich  vvould 
o th e rw ise  in ac tiv a te  a C C K -releasing  p ep tid e . Several 
ca n d id a te  m o lecu les  th a t have the  ab iiity  to  in c rease  
CCK release w h en  in íu sed  in io  th e  sm all in te stin e  
have b een  id en tiíìed . H ow ever, the p hysio log ica l signif- 
icance  of these  C C K -releasing  p e p tid e s  rem a in s  lo be 
e lucida ted .

CC K  plays a Central ro le  in the s tim u la tio n  o f pan- 
c rea tic  se c rc tio n  d u r in g  a m eal. U n d e r  íasting  cond i- 
tions , the p lasm a CC K  levels are very  low ( ~ lp m o l /  
lite r  m  h u m an s). A íter in g e s tio n  of a typical m eal, the 
c o n c e n tra tio n  in c reases  to  6 —8 p m o l/lite r  w ith in  10  to 
30 m in , fo llow ed  by a g rad u a l d ec lin e  to basal levels 
over ~ 3  h. In fu s io n  of s im ila r doses o f CCK p ro d u c e s  
the sam e levels o f p an c rea tic  enzym e secre tio n . F u rth e r-  
m ore , a d m in is tra tio n  o f CC K  an tag o n is ts  p ro d u c e s  
a 5 0 —60% re d u c tio n  of m ea l-s tim u la ted  p an c rea tic  
secretion .



The m ech an ism  of CCK s tim u la tio n  of pancreatic  
sec re tio n  ap p ears  to  be som ew hat d e term in ed  by the 
species. In  ro d en ts , recep to rs  exist on p an c rea tic  ac inar 
ce lls  th a t can  re sp o n d  d irec tly  to  CCK w ith in  physio- 
log ic co n cen tra tio n s. H ow ever, in  hum ans, these recep- 
to rs  are n o t exp ressed  on  pancrea tic  ac in a r cells. 
T h ere ío re , it appears th a t thc  m ajor m echan ism  of 
C C K  s tim u la tio n  of p an c rea tic  secretion  is via an  inđi- 
rec t m ech an ism  th a t involves ac tiva tion  of recep to rs  on 
vagal afferen t n eu ro n s  th a t are p resen t w ith in  the en teric  
n erv o u s  p lex u s in  the in te stin a l m ucosa. T hese n eu ro n s  
co m m u n ic a te  w ith  the  Central nervous system  and  a 
s tim u la to ry  signal is conveyed  back  to the  pancreas 
via vagal efferen ts to m ed ia te  secretion  that is d ep e n d en t 
o n  cho linerg ic  signaling . T he m a jo r eviden.ee in  su p p o rt 
o f th is  m odel is th a t the cho linerg ic  an tagonist a tro p in e  
b locks p an c rea tic  sec re tio n  in response to in íu s ion  
ơ f physio log ical doses o f CCK. T here  may also be eílects 
o f  CC K  o n  en te ro p an c re a tic  n eu ro n s  that do  no i req u ire  
an in ta c t vagus ncrve, as CCK can stim ulate  pancreatic  
sec re tio n  in  p a tien ls  afte r vagotom y. H ow ever, th is 
rem a in s  u n p ro v en .

Secretỉn

Secretin  is the in te stin a l p ep tid e  h o rm one th a t is the 
m ạịo r regu la to r of p an c rea tic  riuid and b icarbonate  se- 
c re tio n . S ecretin  is re leased  from  in iesiina l en tero - 
en d o c rin e  cells (S cells) in response to  a red u c tio n  in  
d u o d en a l pH. A cidic chym e en te rin g  from  ihe stom ach  
leads to secre tin  release and  subsequeni p an c rea tic  bi- 
ca rb o n ate  secre tion , w h ich  n eu tra lizes  gastric acid. The 
m echan ism s resp o n sib le  for secre tin  release rem ain  
u n d e r  active investiga tion , b n t ihe re  is so m e eviđence 
for a se c re tin -re leas in g  factor tha t may be released by 
ỉow -pH  co n d itio n s. N onac id  íac to rs  may also p lay  a role 
in  secre tin  release. Bile, as weỉl as íattỵ acids an d  o th e r 
d igestive p ro d u c ts  o í fat, can increase p lasm a secretin  
levels. H ow ever, the physio log ic  im portance of these 
n o n ac id  factors is q u es tio n ab le , as p lasm a secretin  
does n o t increase  in  sub jec ts  in  w h o m  m eal-in d u ced  
acid secre tion  is n eu tra lized .

In íu s ỉo n  o f sec re tin  a t co n c en tra tio n s  sim ilar to 
those  observed  after a m eal leads to  the sũ m u la tio n  of 
p an c rea lic  ílu id  and  b ica rb o n a te  secretion , and  n eu tra l-  
iza tion  o f secre tin , u s in g  an tise ru m , greatly  reduces 
p an c rea tic  b ica rb o n a te  release. Secretiĩì ac tivates spe- 
ciíic recep io rs  ex p ressed  on  pancrca tic  d u c t and ac inar 
cells. T hus, secre tin  ap p e a rs  to d ireciiy  m ed iate  its ef- 
íects ơ n  p an c rea tic  secretion . S ecretin  appears to ac i in 
synergy  w ith  CCK. as the com binaiion  o f  these hor- 
m ones leads to  m u ch  g rea te r levels oí panereatic  sccre- 
tio n  th a n  e ith e r  One alone.

Oíher Stimuỉatory Hormones

A variety of o th e r  h o rm o n ẹs  have b e e n  rep o rted  to 
have stim u la to ry  effects o n  p an c rea tic  secre tio n . In su lin  
po ten tia tes the secreto ry  response  to  CCK an d  secre tin , 
an  observa tion  that m ay ex p la in  w hy enzym e sec re tio n  
is írcquen tly  red u ced  in  h u m a n  d iabe tics  w h o  o th en v ise  
do n o t exh ib it overt p an crea tic  disease. T h e  in íluences 
of in su lin  on  exocrine sec re tio n  m ay also h e lp  to  exp la in  
the location  o f the in su lin -sec re tin g  cells th a t are w ith in  
the islets of Langerhans, w h ich  are d isp e rsed  th ro u g h - 
ou i the exocrine pancreas. In su lin  is a lso  critica l i'or 
m ain ta in ỉng  rates o f ac in a r cell p ro te in  syn thesis  and  
adequate sto res of d igestive enzym es.

O ther h o rm o n es tha t m ay be s tirau la to ry  for p an - 
creatic  secretion  in c lu d e  gas trin , n e u ro te n s in , and  
m otilin . G astrin , w hich  is s tru c tu ra lly  re la ted  to CCK, 
can also stim ulate p an c rea tic  sec re tio n  w h en  in íu sed  at 
relatively high co n cen tra tio n s. H ow ever, it is u n c lea r 
w hether o r no t the se ru m  levels of g as trin  o b ta in ed  
after a m eal are sufficien t for p an crea tic  stim u la tion . 
N eu ro ten sin  ís released  from  en te ro e n d o c rin e  cells by 
in testinal íatty acids and  in íu s io n  of n e u ro te n s in  can 
stim ula te  pancreatic  secretion . H ow ever, the  concen tra - 
tions of n eu ro te n s in  req u ired  lo s tim u ia te  pancreaiic  
secretion  are h igher th an  ihose n o rm ally  observed  
after a m eal. T hereỉo re , il is un c lea r w h e th e r  o r n o t 
neu ro ten s in  is a physio log ica l s tim u la n t o f  pancreaiic  
secretion . M otilin  is a h o rm o n e  th a t is kn o w n  to regulate  
the cyclic in terd igestive m ig ra tin g  m o to r com plex  th a t 
in íluences in testinal m otiliiy . Bolus in ịec tio n  of m o tilin  
also resu lts in  a tran s ien t increase  in  pancrea tic  secre- 
tion. T hus, it has bcen  suggesied  th a t m o tilin  m ay reg- 
ulate the cyclic secre tio n  of pancrea tic  ju ic e  d u rin g  the 
interdigestive State.

ĩnhibitory Hormones

A íter a m eal, pancrea tic  secre to ry  levels decline and 
re tu rn  to a low basal level. M uch o f th is  red u c tio n  in 
pancreatic  secretion  is due  to  a decrease  in  the levels of 
stim u la to ry  signals. H ow ever, th e re  is also  ev idence for 
inh ib ito ry  contro l. F or exam ple , in íu s io n  of glucose or 
am ino  acids to raise serurn  co n c e n tra tio n s  inh ib its  pan- 
creatic  secreto ry  responses 10 a te s t m eal. The release of 
inh ib ito ry  h o rrao n es from  the  islets of L angerhans, dis- 
tal sm all in testine , and  co lo n  h as  been  p o stu la ted  to 
accoun t for this observa tion . The m ost w ell-estab lishcd  
inh ib ito ry  h o rm o n es  inc lude  g lucagon  an d  its rela ted  
pep tides, as well as so m a to sta tin , an d  PY\7.

G lucagon  and  the g ỉu cag o n -re la ted  m olecules 
ox y n to m o d u ỉin  and  g lucagon-like  pep tide-1  (G L P -l) 
in h ib it pancreatic  se-eretion s tim u la ted  bỵ secretin  and 
CCK or bv ingestion  of a te s t m eal. T he in h ib ito ry  effect



in c lu d cs a red u c tio n  o f ílu id  and  b ic a rb o n a te  as w ell as 
enzym e secretion . G lucagon  is re leased  from  p an c rea tic  
isleis o f L angerhans by th e  h v p era m in o ac id e m ia  ob- 
served  a íte r a h ig h -p ro te in  m eal. O x y n to m o d u lin  is a 
3 7 -am ino-acid  g lu c ag o n -co n ta in in g  p ep tide  th a t is 
1 0  tim es m ore p o te n t th an  p an c rea tic  g lucagon  in 
te rm s o f its ability  to  reduce  p an c rea tic  secretion . 
O x v n to m o d u lin  o rỉg in a tes  in en te ro e n d o c rin e  cells lo- 
ca ted  in  the d ista l in te s tin e  and  its release is s tim u la ted  
b y  h y p erto n ic  so lu tio n s. GLP-1 is a n o th e r  GI h o rm o n e  
derived  from  the  g lucagon  p re c u rso r  w hose cells o f or- 
ig in  (K cells) are lo ca ted  w ith in  the ep ith e liu m  o f the 
m o re d is ta lsm a ll in te s tin e . GLP-1 a p p e a r s to b e  secreted  
in  response to ca rb o h y d ra tes  w ith in  the  g u t lu m e n . G lu- 
cagon, o x y n to m o d u lin , and  GLP-1 appear to  inh ib it 
p aa c rea tic  sec re tio n  Via ac tion  o n  a Central vagal site.

S om atos ta tin  is a n o th e r  ca n d id a te  as a p hysio log ica l 
in h ib ito r  of p ancrea tic  secretion . S o m ato s ta tin  is pro- 
cìuced an d  secre ted  by b o th  d e lta  cells o f the  islets of 
L angerhans an d  en te ric  e n d o c rin e  cells. In fu sion  of so- 
m a to s ia tin  in h ib its  C C K -stim u la led  p an c rea tic  enzym e 
secre tion . H ow ever, the c o n c e n tra tio n s  req u ire d  for ihis 
eff(*cl are h ig h e r th a n  ihose  observed  in  ihe se ru m  u n d e r  
phvsio log ic  co n d itio n s. F u rth e rm o re , the m echan ism s 
invo lved  in  the  in h ib ito ry  eíĩec ts  o f  so m a to s ta tin  rem ain  
u n ce rta in . S om atos ta tin  does n o t seein  to exert effects on 
vagal afferen t o r  efferen t pathw ays b u t in stead  h as  eíĩects 
O ĩì a  C e n tr a l  v a g a l  s i t e  w h e r e  i t  c a n  r e d u c e  t h e  e í ĩ e c t s  o f  

cc  K. S om aios ta tin  also has b een  rep o r te d  to red u c e  the 
re lease  o ís e c re t in  an d  CCK from  en te ro e n d o c rin e  cclls 
an d  it is the re fo re  likely  th a i so m a to s ta tin  a lso  has a 
p a ra c rin c  effect on  CC K  an d  se c re tin  reiease.

PYY a n d  p an c rea tic  p o ly p e p tid e  are also in h ib ito ry  
h o rm o n es. PYY is a 3 6 -am in o -ac id  p ep tid e  th a t is pres- 
e n t ỉn  the d ista l sm all in te stin e , co ìo n , and re c tu m  an d  is 
releaseđ  by  fat an d  p ro te in  in the  d is ta l gut. P an crea tic  
p o ỉy p e p tid e  (PP) is  closely  re la ted  to PYY, b u t p p  is 
localized  in  the isle ts  o f L angerhans. T he on ly  ap p a ren t 
physio log ic  ac tions of p p  are the in h ib itio n  of p an c rea tic  
a n d  b ỉlia ry  secretion . p p  se c re tio n  is reg u la ted  by a 
ch o lin e rg ic  m echan ism . In íu s io n  o f e ith er PYY or pp  
in liib its  m ea l-s tim u la ted  p an c rea tic  secretions. These 
e ííec ts  appear to be m ed ia ted  by an  in íluence o n  Central 
vagal reg u la tio n  of p an c rea tic  secretion .

C E L LU LA R  M E C H A N ISM S R E G U L A T IN G  
P A N C R E A T IC  SE C R E T IO N

Rcceptors

As d esc rib ed  above, h o rm o n e s  an d  n eu ro tra n sm it-  
te rs  th a t s tim u la te  p an c rea tic  sec re tio n  m ay do  so bv 
d irec tly  rẹg u lạ tin g  ac in a r  an d  d u c t cells o r by reg u la tin g

ihesc cells ind irec tly  th ro u g h  nerv es or bloocl vessels. 
D e te rm in a tio n  of the p h ysio log ic  reg u la to ry  p a th w ay s 
can  be a id ed  by analysis o f effects on iso la ted  ac in a r  an d  
d u c t  c e l l s  a n d  l o c a l i z a t i o n  o f  r ec e p tO T S  f o r  e a c h  r e g u l a -  

to r o n  its  ta rge t cell. F o r p an c rea tic  ac in a r cells, the  
abiỊity to stimulate amylase secretion in vitro  is useful 
for d e te rm in in g  the d irec t effects of agon ists  an d  an tag - 
on ists . T he p resence o f specitìc  recep to rs  has  also  b een  
c o n íirm ed  by b in d in g  s tu d ie s  w ith  rad io lab e led  ana- 
logues an d  an tagon ists . R ecep to rs  can  also be lo ca lized  
u sin g  e le c tro n  m ic ro sco p ic  a u to ra d io g rap h y  an d  co n fo - 
cal A uorescence m icroscopy . P re p a ra tio n s  of iso la ted  
d u c t seg m en ts  o r c u ltu re d  m o no layers  o f d u c t ce lls 
th a t can  b e  u tilized  to investiga te  d irec t in te ra c tio n s  
w ith  reg u la to ry  m o lecu les  ha ve also b een  deve loped .

A cin ar cells have b ee n  fo u n d  to  b car rec e p to rs  for 
CCK, bom besin , ace ty lch o lin e  (m 3 m u sc a rin ic ), VIP, 
and  sec re tin . H ow ever, im p o rta n t d iffe rences ex ist be- 
tw een species. F o r exam ple , ro d en ts , b u t n o t h u m a n s , 
exp ress CCK] recep to rs. CCK in te rac ts  w ith  b o th  C C K ị 
(p rev io u sly  C C K A) recep to rs , w h ich  are h ig h ly  speciíìc  
for CC K , an d  CCKo (gastrin , p rev iously  C C K B) recep - 
tors, w h ic h  resp o n d  to b o th  CC K  and  gastrin . M uch  is 
k n o w n  ab o u t CC K ị an d  m 3 rec ep to rs  an d  th e ir  signa l- 
ing, b ec au se  o f th e ir  p resen ce  on ro d e n t ac in a r  cells. 
CCK re c e p to rs  o n  a fferen t nerves ap p ear to be  of the  
CCK] type an d  have p ro p e r tie s  sim ilar to  t-hose o n  ac- 
ina r cells. It is m ore  d ifficu lt to s tu d y  the  rec ep to rs  
reg u la tin g  the p an c rea tic  d u c t cells b ecause  o f the  rel- 
a tively  sm all n u m b e r of these  cells an d  the  d ifficu lty  in 
s tu d y in g  th e ir  physio log ic  íu n c lio n s  (e.g ., io n  iran s- 
p o r t)  in vi tro. H ow ever, s tu d ie s  have in d ica ted  th e  pres- 
ence o f rec ep to rs  for se c re tin , ATP, CCK , VIP, an d  
ace ty lch o lin e  on  these  cells.

Transm em brane Signaling

AU m ạ ịo r  secre tag o g u e  rec ep to rs  are  m e m b ers  o f the  
seven h y d ro p h o b ic  tran sm e m b ra n e  d o m a in  íam ily  of 
rec ep to rs  th a t in te rac t w ith  g u an in e  n u c leo tid e -b in d in g  
p ro te in s  (G -p ro te in s) to ac tiva te  in tra ce ìlu la r  signa ling . 
T he secre tag o g u e  rec e p to rs  co u p le  to the  ac tiv a tio n  of 
h e te ro tr im e ric  G -p ro te in s  th a t are co m p o sed  o f th ree  
suỈDunits (a . p, a n d  y) a n d  are  u sua lly  definecl on  the 
basis o f  th e ir  a -su b u n it. T he G -p ro te in s  p rim a rily  re- 
sp o n sib le  for the  s tim u la tio n  of p an c rea tic  ac in a r cell 
sec re tio n  are m em b ers  o f the Gq íam ily, w h ich  in c lu d es  
Gq a n d  G i 1 . T hese  G -p ro te in s  reg u la te  se c re tio n  th ro u g h  
in te rac tio n s  w ú h  a p h o sp h o in o s itid e  speciíic  p h o sp h o -  
lipase c, le ad in g  to  increases in  d iacy lg lycero l an d  in o - 
sitol tr isp h o sp h a te  and  u ltim ate ly  p ro te in  k in ase  c an d  
C a2+. O th e r  secre tagogues, su c h  as secre tin , acũvate  Gs 
p ro te in s . Gs is co u p led  to  th e  ac tiv a tio n  of ad en y la te



cyclase an d  increases in tracellu la r cvcìic AMP (cAM P) 
an d  p ro te in  kinase A activity . Gs-coupled recep to rs are 
weak stim ulators of acinar cell secrelion b u t have 
synerg istic effects w hen  com bincd vvith recep to rs tha t 
activate the Gq/Ca pathw ays.

It sh o u ld  also be no ted  that secreiagogue recep to rs  
m ay have o th e r  im p o rta n t actions on pancreatic  ac ỉnar 
cells, such  as trop ic  effects o r iníluences on enzym e gene 
expression , an d  these effects m ay involve o th e r  signal- 
ing  pathw ays. CCK has b een  reported  to activate a w ide 
variety  o f effector p ro te in s  including phospho lípase  c ,  
phospho lipase  A2, phospho lipase  D, p ro te in  k inase A, 
p ro te in  k inase  c ,  phosphatidy linosito l 3 -k inase , íocal 
adhesion  k inase, ty rosine kinases, several m itogen- 
activated p ro te in  k inases, and stress-activated  p ro te in  
(SAP) k inase and the n uclea r oncogenes c-íos, c-m vc, 
and  c-jun.

M echanism o f Action of 
Intracellular M essengers

T he m echan ism s by w h ich  increases in in trace llu la r 
m essengers act to induce p ro te in  and íluid secretion  are 
n o t com pletely  u n d ersto o d . It is generally helcl that sec- 
ond  m essengers exert th e ir  effects by changes in the 
p h o sp h o ry la tio n  of regu la to ry  proteins. ìn  ad d itio n  to 
p ro te in  k inase  c and  p ro te in  kinase A (PKA), w hich  
w ere p rev iously  m en tio n ed , se ve ra 1 C a2+-activated  
k inases have been  iden tiíìed  in pancreatic ac inar cells 
in c lud ing  C a2 V calm odulin-activaied  type ĩl an d  type 
LI 1 kinase an d  niyosin liglil clìain kinase. P ancreatic  
acinar cells aỉso co n ta in  the m ajor classes of se rin e /th re- 
on ine p h o sp h a tases  (i.e., P P 1 % PP2A, and  PP2B), w h ich  
may also be im portan t for the rcgulation  o f pancreatic  
secretion . O ne of these, PP2B or c a ld n e u rin , is ac tivated  
by the C a2"f'/ca lm o d u lin  com plex.

The ro le  of in trace llu la r m essengers and  effectors in 
pancreatic  enzym e secre tion  is sum m arized in Fig. 2. 
S im ulation  o f secretion  norm ally  involves svnergistic 
in te ractions am ong in trace llu la r m essengers. In the 
c a se o ía c e ty lc h o lin e a n d  CCK, th is inc ludes in teractions 
bctw een  Ca and diacvlglvcerol-activateđ  pathw avs. 
Agents such  as VIP and  secre tin , vvhich increase cAMP, 
add  a íu r th e r  in te rac tio n  at the in traceỉlu lar effector level. 
P ro te ins localized  on  the g ranu le  and lum enal p lasm a 
m em brane and  several so lub le  and cvtoskeletal p ro le in s  
m ay be invo lvcd  in  exocvtosis. In pancreatic d u ct cells, 
the sam e in trace llu la r m esscngers and k inases regulate  
ion pum ps, carriers , an d  channcls  involved in ílu id  and 
electro ly te secretion . In ih is  case, the prim ary in tracel- 
lu lar m essenger is cAMP. w hich  aciivaies PKA, w hich  
ph o sp h o ry la tes  cystic íib rosis transm em brane rcgulator. 
the ion  ch an n e l involved in an ion  egress írom  d u c t cells.

Apical

FIG URE 2 Pancreatic acinar cell súm ulus—secretion coupl- 
ing. The pancreatic acinar cell expresses receptors for a varieiy 
of moỉecules thai stimulaic secrction. Speciíic high-affinity reccp- 
tors including muscarinỉc cholinergic (m3 ACh) and gastrin-re- 
lated peptide (GRP) receptors, as wcll as in som e species either 
CC-K1 or CCK2 receptors or hoih, aciivate G-proteins of the Gq/ 
G|j typc to activate' a phospholipa.se c  (PLC), vvhich converis 
phosphotidylinositide J ,4-bisphospiiate (PIP2) into diacyglycerol 
(DAG) and inositol 1,4,5-trisphosphate (IP3). IP3 subsequently 
aciivaies specific receptors on ihe enđoplasm ic reticulum (HR) 
intraccllular Ca stores, causingan increasé in cytoplasmic Ca . 
Increased Ca2+ aciivates Ca ‘ -dependeni kinascs including cal- 
mocluỉin kinase (CAMK). DAG activates protcin kinase c  (PKC). 
Other stimulatory m olecules, such as the neurotransmitter vaso- 
activc intestinal peptide (VIP) and the hormone secretin, activate 
speciPic rcccptors that are coupled to G-proteins of the Gs type. 
Activation oí Gs stimulátes adenylatc cvclase (AC) production of 
cyclic AMP (cAMP). Increased cAMP levels activaie protcin 
kinase A (PKA). Increạsed ac ti vi ly of ihe various kinases leads 
to activatiởn of the exocviotic machinery, which includes 
mcmbrane fusion-related molecules including Rab and soluhle 
N-eihylm aleim iđe-sensitiveauachm entproteinreceptor (SNARE) 
proteins cxisting on zymogen granule (ZG) membranes and ihe 
apical plasma membrane, as well as cytoskeletal componenis 
including actin and ìnicrotubuỉe networks.

Zymogen Granule Exocytosis

The te rm inal s tcp s in p ro ie ỉn  secre tiọn  involve exo- 
cvtotic releasc o í enzvrm es írom  zv inogen  g ranules. This 
involves a m em brane  tu sion  event b e tw een  zym ogcn 
g ranu les an d  the apicaì p lasm a m em b ran e . M em brane



íiision  involves a n u m b c r o f specific m em b ran e- 
associatecl p ro te in s  o f  the so lu b le  N -e th y lm ale im id e - 
sensitive  a ttac h m e n t p ro te in  re c e p to r  (SNARE) íam ily  
and Rab íam ilies. T he ac tin  cv to sk e le to n  is also  in v o lv ed  
in  exocytosis, se rv in g  ạ lte rn a te lỵ  as a b a rr ie r , p rev e n tin g  
p rem a tư re  secre tio n , and  as a p o te n tia l m o tile  e lem en t. 
M iero tu b u les  are also invo lved  in  the  m o v e m en t o f zy- 
m o g en  g rạnu les  to the  apical p o r tio n  o f th e  cell, w h ere  
they  can  in te rac t w ith  the  ex o cy to tic  m ach in e ry .

SUM M A RY

In su m m ary , p an c rea tic  ex o c rin e  se c re tio n  is reg u la ted  
by  a com plex  in te rp la y  o f n e rv o u s, h o rm o n a l, an d  para - 
c rin e  reg u la tio n  th a t m atches ílu id , b ic a rb o n a te , an d  
e n sy m e  levels to  m e e t physio log ic  d em an d s . C o m p lex  
in te rac tio n s  o cc u r b e tw een  m u ltip le  reg u la to ry  m ole- 
cu les  an d  signa ling  pathvvays. T he rela tive c o n tr ib u tio n  
o f Várious co m p o n e n ts  to th e  overa ll sec re to ry  íu n c tio n  
v aries w ith  the  phase of sec re tỉo n . S ign iíícan t sp ec ies  
d iíỉe ren ces  o cc u r w ith  regard  to  re c e p to r  lo c a liza tio n  
an d  th e  im p o rta n ce  o f d iffe ren t a rtn s  of the  re g u la to ry  
m echan ism s.
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bentiromide test Tubeless pancreatic íunction test thai 
indirectly measures pancreatic chymotrypsin output 
using bentiromíde as a substrate. 

cholecystokinin Gastrointestinal hormone that stimulates 
secretion of digestive enzymes by pancreatic acínar cells. 

chronic pancreatitis Clinical diagnosis reílecting permanent 
or P rogress ive  d eter io ra tio n  in p an creatic  íu n c tio n  or  
structure or both. 

fecal pancreatic elastase I Tubeless pancreatic íủnction test 
that directly measures fecal pancreatic elastase I in stool. 

malabsorption Impaừed intestinal absorption of micronu- 
trients due to either intestinal disease or nialdigestion. 

maldigestion lmpaired digestion of macronutrients (i.e., fat), 
as in  p an creatic  in su ffic ien cy . 

secretin Gastrointestinal hormone that stìmuiates secretion 
of bicarbonate and water by pancreatic ductal cells.

The exocrine íunction  of the hum an pancreas is to secrete 
digestive enzym es tha t aid in  absorp tion  o f d ietary nu tri- 
ents. Tests to m easure pancreatic secretions can be inva- 
sive, requiring  in sertion  of tubes to collect pancreatic 
íluids, or noninvasive, requiring  oral adm in istra tion  of 
eom pounds and subsequen t assays of stool, b lood, 
u rine, o r b rea th  com ponents.

IN T R O D U C T IO N

P ancreatic  íu n c tio n  tests are  u sed  to  m easu re  p an c rea tic  
sec re tio n  in  h u m an s. T he tests are clin ically  u se íu l to 
d isc rim in a te  b e tw e en  pancrea tic  and  n o n p an c rea tic  
causes o f  m alab so rp tio n . P ancreatic  m a lab so rp tio n  oc- 
cu rs w h en  residua l p an c rea tic  enzym e secre tio n  is on ly  
5 —10% of norm al levels, as occu rs  in  severe ch ro n ic  
pancrea titis , w hen  tests of pancrea tic  íủ n c tio n  are  fre- 
q u en tly  abnorm al. B oth  invasive and  non invasive tests 
exist. T he  m ost sensitivc  and  speciíic tests, the secre tin  
an d  ch o lecy sto k in in  (C C K ) s tim u la tio n  tests, are inva- 
sive in  th a t they  req u ire  p lacem en t o f a g as tro d u o d en a l 
tube; they  are also tù n e -c o n su m in g  (2 —3 h o u rs) and  are  
p e rfo rm ed  in  on ly  a few m edical cen ters. “T ubeless” 
tests are inore efficienl, bu t, u n ío rtu n a te ỉy , th e ir  c lin ical 
use is lim ited  bv  th e ir  relative insensitiv ity  to  d e tec tin g  
m ild  im p a irm en ts  in  pancrea tic  íu n c tio n , as in  early  
ch ro n ic  pancrea titis , w hen  the secretin  o r  CCK test 
m ay be abnorm al.

T EST S R E Q U IR IN G  A  
G A S T R O D U O D E N A L  TU BE

S ecretin  an d  c h o lec y s to k in in  are g as tro in tes tin a l h o r-  
m ơnes th a t m ay be g iven a lo n e  o r toge ther to s tim u la te  
an d  m easu re  p an c rea tic  se c re tio n  d irectly . T h is p ro to -  
col, w h ich  is p r im a rily  u se d  in  research , req u ires  p lace- 
m en t o f a d o u b le -lu m en  tu b e  (D reiling  tu b e ), w h ich  is 
ana tom ica lly  p o s itio n ed  u s in g  ílưoroscopy. T he gastric  
asp ira tio n  p o r t is p o s itio n e d  in the clistal s tom ach  for 
rem oval o f c o n ta m in a tin g  gastric  ju ice , w h ile  the d uo - 
dena l a sp ira tio n  p o r t  is p o s itio n ed  in  the  Ê rst, seconcl, 
and  th ird  seg m en ts  o f  th e  d u o d en u m  for rem oval o f  
pancrea tic  ju ic e  u n d e r  c o n tin u o u s  suc tion . Ịuice re- 
m oved  from  the  d u o d e n a l p o r t  is used  for analysis ()f 
pancrea tic  sec re tio n , in c lu d in g  m easu rem en ts  of pan- 
creatic  ju ic e  vo lum e and  b ic a rb o n a ie  c o n c en tra tio n  for 
the  se c re tin  test an d  try p sin  and  lipase o u tp u t ío r the 
CCK test. F o r  exam ple , e i th e r  in  response to m eals (the  
L u n d h  test) o r  to in tra v e n o u s  secretin  aclm in istration , 
b o th  p an c rea tic  ju ic e  flow an d  ju ice  b icarb o n ate  con- 
c e n tra tio n  increase . A p eak  b icarbonate  ílu id  concen- 
tra tio n  o f le s s  th a n  80  m E q /lite r  o f b icarb o n ate  ind icates 
im p a ired  p an c rea tic  sec re to ry  íu n c tio n , suggestive of 
ch ro n ic  p an c rea titis . H ow ever, a positive te st (and  im - 
p a ired  p an c rea tic  se c re tio n ) m ay occur in  the  absence of 
clin ical o r rad io lo g ic  fea tu res  of ch ro n ic  pancrea titis , in 
co n d itio n s  su c h  as d iab ete s  m ellitus, p ro te in -ca lo rie  
m a lab so rp tio n , g as tric  su rg ery , tru n ca l vagotom y, celiac 
sp ru e , an d  h ep a tic  c irrhosis .

T U B EL E SS T EST S

N oninvasive  tube less  p an c rea tic  íu n c tio n  tests indỉ- 
rec tly  m easu re  p an c rea tic  íu n c tio n  by  rely ing  on  two 
b ioassay p rin c ip les . P a tien ts  w ith  ch ron ic  pancreatitis  
m ay p ro d u c e  insuffìcien t p an c rea tic  digestive enzym es 
(e.g., lipase , ch y m o try p sin , am ylase, elastase, and  tryp- 
sin ), cau sin g  m a ld ig estio n  an d  p o o r ab so rp tio n  of íoocs 
(e.g., fat, p ro te in , an d  ca rb o h y d ra tes), w h ich  m ay te  
m easu red  in  th e  stoo l. A lternatively , o ral ad m in is tra tio n  
of a sy n th e tic  c o m p o u n d  th a t is ac ted  on  by  a speciẼc 
pancrea tic  d igestive enzym e will generate  a p roduct 
th a t m ay b e  m e asu red  111 s to o l, b lood , b rea th , or uriní*..



D im in ish ed  reeovery  of the  p ro d u c t suggesls  im pa ired  
p an c rea tic  enzym atic  activiiy. In sen sitiv ity  and  ía ilu re  
to d-etect milcl d isease is a p ro b lem  c o m m o n  to all tube- 
less tests; b ioassays in  these  p ro to co ls  a re  able to d isl- 
in g u ish  re liab ly  only  am o n g  patỉent-s vvith m o d era te  an d  
severe p an c rea tic  insufficiency . In  a d d itio n , these tests 
are n o t alw ays speciíìc  to p ancrea tic  íu n c tio n ; p a tien ts  
w ith  n o rm a l p an c rea tic  secre tio n  m ay  h a  ve a positive 
test re su lt if  they  have h ep a to b ilia ry  d isease or sm all 
b ow el d iseases causing  m a lab so rp tio n  (i.e., celiac 
sp ru e , C ro h n ’s disease, o r  w h ip p le ’s  d isease) o r ha  ve 
h a d  p r io r  gastric  su rgery .

As i llu s tra tio n  o f a tube less test, th e  b en tiro m id e  test 
in d ire c tly  m easu res  p an c rea tic  ch y m o try p sin  o u tp u l. 
E n d o g en o u s  ch y m o try p sin , a p a n c re a tic  digestive en- 
zym e, cleaves orally  ad m in is te red  bentirom icie 
(N -benzoy l-L -ty rosy l-p -am inobenzo ic  a c id ) , libe ra ting  
p ara -a m in o b e n zo ic  acid (PABA), w h ic h  is ab sorbed , 
h epa tica lly  m e tab o lized , an d  ex c re tc d  in  urine. De- 
e reased  recovery  o ccu rs  in  p a tien ts  w ith  inadequa te  
p an c rea tic  íu n c tio n , as in  ch ro n ic  p an c rea titis . M any 
m ed ica tio n s  in te r íe re  w ith  u r in a ry  m e asu ren ien ts  o f 
frce PABA a n d  its  m etab o lite s  an d  sh o u ld  be d iscon tin - 
u e d  3 days p r io r  to  the test. B ecause ren a l dysfunction  
low ers u r in a ry  recovery  OÍPABA, ra e asu rem e n t o f PABA 
in se ru m  ra th e r  th a n  in u r in e  has b ee n  developed  w ith  
s im ila r test sensitiv ìty . An a lte rn a tiv e  b u t sim ilar lube- 
less tcst is th e  H uorescein  d ilau ra te  (p an c re o lau ry l)  test, 
w h ic h  m easu res  nonspeciR c lipase (ch o le s te ro ỉ ester- 
ase) ac tiv ity  a n d  is sligh tly  m ore se n s itiv e  th an  the 
b en tiro m id e  lest.

M easu rem en t o f íecal p an c rea tic  e lastase 1 is the 
m o s t co m m o n ly  u se d  tưbeless test in  the  U n ited  S tates 
an d  E u ro p e  b u t is  n o n e th e le ss  co n tro v e rs ia ỉ, because it 
h as  n o t b een  sh o w n  to be co n s is te n tly  sensitive o r 
speciÊ c for m ild  o r  m odera te ly  im p a ire d  pancreatic

secre tio n . T he lest is s im p le , rela tively  inexpensive , 
a n d  invo lves m easu rin g  h u  m an  fecal p an c rea tic  elastase 
by en zym e-Iinked  im m u n o so rb e n t assay (ELISA). Un- 
like  o th é r  p an c rea tic  d igestive enzym es, fecal p ancrea tic  
elastase levels d o  n o t change d u rin g  in te s tin a l transit, 
a re  stab le in  s to o l sam p les  for u p  to 1  w eek , an d  are 
u n affec ted  by  c o n c u rre n t u se  of oral p an c rea tic  enzym e 
rep la ce m en t therapy .

SU M M A R Y

T ubeless p an c rea tic  íu n c tio n  tests are  u se fu l fo r diag- 
nosis  o f ch ro n ic  p an c rea titis  in  the  se ttin g  o f m alabsorp - 
tio n , w h e n  the  p an creas is severely dam aged . In  the 
se ttin g  o f  m ild  to m o d era te  d isease (w h en  m alabsorp- 
tio n  is n o t p re se n t) , the  clin ical u tility  o f these  tests is 
le ss w ell defined  d u e  to  p o o r te s t sensitiv ity . In  th is 
s itu a tỉo n , w h en  a d iagnosis is necessary  to  ach ieve pa- 
tie n t m an ag em cn t, the  invasive se c re tin  an d  CCK  stim - 
u la tỉo n  tests  are p re ỉe rred , if available.

See Also the F ollow ing Articles
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enteroendocrine cell A specialized epithelial cell diffưsely 
distributed throughout ihe gut epithelieum that releases 
a hormone afier exposure to luminal contents and other 
stimuli.

enterogastrone Intestine-derived íactor released in response 
to intestinal fat; inhibits gastric acid secretion when 
administered at physiologic levels. 

interdigestive motility compìex A cyclic, periodic pattern of 
gastric and intestinal contraction during thc íasting State 
characterized by four phases: no activity (Phase 1), 
uncoordinated activity (Phase 2), a brief period of 
sweeping peristaltic contractions (Phase 3), and a period 
of uncoordinated activity preceeding Phase 1 (Phase 4). 

prepro hormone The precursor pcpũde containing all the 
hormone gene-encoded amino acids (including the 
signal peptide) beĩore Processing to the ma tu re peptide.

The pancreatic po lypeptíde íamily of pep tides consỉsts o f 
pancreatic po lypeptide, peptide YY, and neu ropep tide  Y. 
These pep tides share signiíicant features o f gene organi- 
zation, am ino acid sequence, three-dim ensional s tru c lu re , 
and recep tor b ind ing  specificity. However, pancreatic 
po ỉypeptide and peptide YY are restric ted  to  endocrine 
cells o f the pancreas and distal gut ep ithelium  and are 
released in  response to  m eals. N europeptide Y is re- 
stric ted  to  neura l tissue and is released by nerve stim u- 
lation in  the m anner o f a neuro transm itte r. Pancreatic 
po lypeptide and pep tide  YY generally  exert inh ib ito ry  
effects on gut íunction , such  as gastric acid secretion  
and gastro in testinal m otility, in  o rder to regulate the post- 
p randial State. N europeptide Y is b e tte r know n for its 
effects on the cardiovascular, endocrine, and Central ner- 
vous system s, b u t it also exerts inh ib ito ry  effects on gut 
secretion  and m otility.

IN T R O D U C T IO N

T he pancrea tic  p o ly p ep tid e  tam ily o f p ep tid es  in c lu d es 
p an crea tic  p ỏ ly p ep tid e  (PP), pep tide  YY (PYY), an d  
n eu ro p e p tid e  Y (NPY). These p ep tid es  a re  re la ted  by 
a h igh  degree of sequence horao logv  am ong  th e ir  36 
am in ơ  acids as well as by a shared  ha irp in -lik e  te rtia ry  
s tru c tu re . These s im ilarities are th o u g h t to reílect o ri- 
g ins from  co.m m on ances tra l genes, gene d u p lica tio n s  
resu ltin g  in  new  pep tides , and  pep tide  sequence

con serv a tio n  rela ted  to ev o lu tio n a ry  p ressu res . H ow - 
ever, th e re  has been  s ig n iũ can t d ive rgence  o f d is trib u - 
tion , p ro d u c tio n , and  ac tions of these  p ep tid es , w ith  pp  
an d  PYY p ro d u ce d  by  énclocrine cells o f  the pancreas 
an d  the g u t ep ith e ỉiu m , respectively , and NPY p ro d u ce d  
b y  n e u r o n s  in  the  p e r i p h e r a l  a n d  C e n tr a l  n e r v o u s  

system s.

Family Discovery

P ancreatic  po lypep tide  W á s th e  íirst íam ily  m em ber 
to be puriR ed an d  iden tified  by  am ino  ac id  sequence 
fo llow ing  its reco g n itio n  as a p e rs is ten t c o n tam in an t of 
in su lin  p rep a ra tio n s. In co n tra st, p ep tid e  YY an d  neu- 
ro p ep tid e  Y w ere b o th  d iscovered  u sing  a strategy  to 
iso late  novel p ep ú d e s  th a t have been  am id ated  at 
th e ir  c te rm in u s, a b iochem ica l m o d iíìca tio n  often in- 
d ica tin g  in n a te  b ioactiv ity  in pep tides . P ep tid e  YY and 
n eu ro p e p tid e  Y w ere iso la ted  (rom  ex tra c ts  o í porciiìe 
in testin e  and  b rain , rcspectively . T he puriíication  
an d  am ino  acid sequence of all o f  these p ep tid es  were 
com ple ted  in  advance of es tab lish in g  th e ir  biological 
effects.

Peptide Structure

T he th ree -d im en sio n al s tru c tu re s  o f th e  p ep tid es  in 
th is  fam ily, deduced  from  crysta llog raphy  an d  m o lect- 
la r m odeling , have helped  to ex p la in  the  stab ility  of 
these m olecu les an d  the  speciíìcity  of in te rac tiỏ n  wiih 
rec ep to r  p ro te in s. T he s tru c lu re  is best d esc rib ed  as two 
helices ru n n in g  an tip ara lle l to each  o th e r; there  is a 
p o ly p ro lin e  type II helix  (am ino  acids 1—8) connected 
to an  ot helix  (am ino  acids 14—32) c o n n e c ted  bv a tvpe 1 
Ị3 tu rn  an d  stab ilizeđ  by h y d ro p h o b ic  ín te rac tio n s  bt- 
tw een  the  helices. The C -te rm inal h ex a p ep tid e  is fle> 
ible, p ro jec tin g  from  the  base of th e  m olecu le . M uch í,f 
the rec ep to r  b in d in g  speciíìcity  is fơ u n d  in  the cloìe 
a p p r o x i m a t i o n  o f  a m i n o  a c id  r e s i d u e s  f r o m  t h e  tw 3  

en d s  of the m olecu le, as w ell as the  te rm inal hexapeptice 
com position .



P A N C R E A T IC  PO LYPEPTID E  

T issu e Distribution

P ancreatic  p o ly p ep tid e  ex p ressio n  is re s tr ic ted  LO 
en d o c rin e  cells fo u n d  p red o m in an tlv  in  the pancreas, 
w here  they can  ex ist as p a rt o f the  en d o c rin e  islets o r as 
sing le o r g ro u p s o f cells in  the exocrine  p an crea tic  tis- 
sue , a n d  less o íten  in  the ep ith e liu m  o f pan c rea tic  ducts. 
T he d en s ity  o f P P -eo n ta in in g  cells is h ighest in  the pan - 
creatic  head , an d  the  tissue c o n c e n tra tio n  o f p p  is ỉìve to 
eight tim es h ig h e r in  the p an crea tic  head  co m p ared  tơ 
the  la il. The P P -im m u n o reac tiv e  cells ha vẽ also been  
rc p o r te d  in  the gastric  m ucosa  o f som e ad u lt m am m als 
(ílog, ca t, op o ssu m ) and  in  th e  h u m a n  co lon .

Cene Organization

T h e  h u m a n  gene for p an c rea lic  p o ly p ep tid e  is macle 
ú p  of fo u r  exons a n d  th ree  in tro n s  th a t en co d e  the 95- 
am in o -ac id  p an c rea tic  p o lv p ep tỉd e  p rep ro  ho rm one. 
E xon  1 encodes the  5' u n tra n s la te d  reg ion , ex o n  2 en- 
codes a 29-am ino -ac id  signal p ep tid e  and  p p , exon  3 
en co d es a 23-am ino-acicl ex ien sio n , and  exon  4  encodes 
a íu r th e r  7 -am ino -acid  ex ten s io n  an d  the  3 ' u n tran s- 
la ted  reg ion . P o sttran s la tio n a l P r o c e s s i n g  p ro d u ce s  
the  3 6 -am in o -ac id  p ep tid e  w ith  an  am id a ted  C -te rm inal 
ty ro sin e  residue .

M echanism s o f Pancreatic Polypeptide Release

P an crea tic  p o ly p e p tid e  is p rim ạrily  re leased  follow- 
ing  n u tr ie n t in g estio n  an d  req u ire s  an  in ta c t vagus nerve 
for full respọnse . p p  release occu rs  w ith  all phases of 
íeed ing , ín c lu d in g  the  cephalic , gastric , an d  in testỉn a l 
phases. T he cephalic  phase , in d u c ed  by sham  íeed in g  in 
an im als  ơ r sp it-an d -ch ew  tech n iq u es in  h u m an s, slim - 
u la tcs b e tw een  1 0  an d  2 0% of the  lo ta l m ea l-s tim u la ted  
pp  response . T he cephalic -phase  release o f  p p  en h an ces 
íu r th e r  p p  release d u rin g  the gastric  an d  in testin a l 
ph ases  th a t follow . T he early  phases ol m eal-s tim u la ted  
pp  re lease  d e p e n d  o n  vagal in p u t. The cephalic -phase  
pp  release is b lo ck ed  by an tich o ỉin e rg ic  d ru g s an d  
tru n c a l vagotom y. S im ilarly , gastric  d is ten s ỉo n  re su ltin g  
in  p p  re lease  is b lo c k ed  by an tich o lin erg ic  d ru g s and  
vagotom y. Vagal activ ity , vvhether by  d irec t electrical 
vagal s tim u la tio n  o r  s tím u la tio n  bv in su lin  hypoglyce- 
m ia, can  in c rease  p p  se ru m  levels.

In co n tra s t,: the  in te s tin a l phase  o f the íeed ing  re- 
sp o n se , s im u la ted  by  ad m in is te r in g  n u tr ie n ts  d irec tly  
in  to  th e  d u o d e n u m , does n o t d ep e n d  o n  the neư ra l re- 
tlexes m ed ia tin g  the  cephalic  phase  a n d  gastric  d isten - 
sion  responses . A lth o u g h  in te s tin a l-p h ase  p p  release is 
o p tim ize d  bv in ta c t vagal in p u ts , it still o ccu rs  after

vago tom y, likelv  th ro u g h  rem a in in g  local e n ie r ic — 
p an c rea lic  n eu ra l reílexes. M oreover, it is th o ụ g h t 
th a t in te s tin a l-p h ase  íeed in g  also involves o th e r  n u tr i-  
en t-s tim u la te d  h o rm o n es— ch o lecy sto k in in  (C C K ), for 
in s tan ce— th ạ t co n trib u te  to the  la te r increases in  m eal- 
in d u c ed  p p  release . T he h o rm o n a l reg u la tio n  of p p  re- 
lease d u r in g  in testin a l đ ig estio n  is com plex  and  no í 
w ell defined.

S erura pancrea.tic p o ly p ep tid e  levels in  th e  ĩasting  
S t a te  v a r v  r h v t h m i c a l l y  v v ith  t h e  h o r m o n a l  a n d  m o t i l i t y  

even ts  th a t ch a rac te rize  the  in te rd igestive  m o tility  com - 
p lex . Basal p p  levels p eak  th ro u g h  ph ases 1 10 3 an d  th en  
re tu rn  to  low  levels d u r in g  phase  4. T hese basal p p  level 
ílu c tu a tio n s  are abo lish ed  by local gang lion ic b lockade 
an d  an esth e tic  use , su p p o rtin g  a ro ỉe  for n eu ra l reílexes 
in  th is  response . F inally , averagc basal (íasting ) pancre- 
atic  p o ly p e p tid e  levels increase  w ith  age.

Pancreatic Polypeptide Receptors

T he Y4 rec ep to r , the  h igh-affm ity  rec ep to r  for pan- 
crea tic  p o ly p ep tid e , h a s b e e n  c lo n ed  an d  seq u en ced  írom  
m any  m am m alian  species, in c lu d in g  ro d en ts , pigs, an d  
hu m a n s. T he Y4 re c e p to r  is a m em ber o f th e  G p ro te in -  
co u p led  re c e p to r  su p eríam ily , an d  Y4 recep to rs  have 
d isso c ỉa tio n  c o n s tan ts  in  the range o f 2 0 —4 0 p M  for 
sam e-species eognate  ligands (h u m an  p p  for the h u m a n  
pp  rec ep to r, for in slan ce). H ow ever, Y4 recep to rs  are 
on ly  p p  p re íe rr in g  an d  n o t p p  speciR c, aIlow ing  b in d in g  
o f PYY an d  NPY p ep tid es  at 100-ío ld  low er affinities. In 
ce rta in  species, pp  b in d s  10 the Y5 recep to r (h u m an  and  
bov ine p p  h a  vẽ h ig h  bincling a iíìn ity , and  ra t p p  has low 
b in d in g  affinity, for the rat p p  Y5 rec ep to r), a lth o u g h  
w ith  low er affm ity  than  NPY o r PYY. Last, low er verte- 
b ra te s  possess a p p  recep to r th a t also recogn izes PYY.

P ancrea tic  p o ly p e p tid e  rec ep to rs  have been  re- 
p o r te d  in  the  gu t, p an c reas , b ra in  (h y p o th a lam u s, h ip- 
p o cam p u s, a n d  vagal nuc le i o f the  b ra ín  s tem ), and  
k id n e y  o f v a rio u s species.

Pancreatic Polypeptide Biological A ctions

T h ere  is lim ited  u n d e rs ta n d in g  of the  physio log ic 
ro le  o f p an c rea tic  po lypep tide . Tw o b io log ic effects 
th a t p an crea tic  p o ly p ep tid e  exerts  in  a n u m b e r o f spe- 
cies are in h ib itio n  o f ex o crin e  p an c rea tic  secre tion  and  
in d u c in g  re la x a tio n  of the  gallb ladder. W h e n  p p  is acỉ- 
m in is te re d  to  p ro d u ce  se ru m  levels a tta in ab le  after 
m eals, s tim u la ted  pan c rea tic  enzym e secre tion  in  
dogs a n d  h u m a n s  is in h ib ited . R educed  b iliru b in  
se c re tio n  in to  the  d u o d e n u m  a íte r  p p  in íu s io n  is also 
n o te d  in  h u m a n s , an d  decreases in  in tra lu m in a l gall- 
b lad d er p re ssu re  (p igs) an d  increased  g a llb lad d er filling 
are seen  ín  an im al m odels. Becạuse these effects o ccu r at



nonpharm aco log ic  se ru m  levels, they are in te rp re ted  as 
being possibly physio log ic responses. T he effect on  the 
pancreas cou ld  act as a negative feedback signal to tu rn  
off m eal-stim ula ted  p ancreatic  secretion  and  the gall- 
b lad d er effect cou ld  p reserve ex trahepa tic  bile excretion  
betw een  meals.

O th er effects a ttr ib u ted  to pp  inc lude in h ib itio n  of 
gastric secre tion  (a t h igh  doses in  dogs; no  effect ai low er 
doses in  hu m an s), m o d u la tio n  of gastric em ptying, 
and  m odest in h ib itio n  of feeding w h en  adm in iste red  
periphera lly  (accom pan ied  by decreased  gastric em pty- 
ing) and  s tim u la tio n  of feeding w hen  given cen trally  
(accom pan ied  by increased  gastric em pty ing). How- 
ever, h y persecre tion  of pp  in hu m an s due to PP- 
p ro d u c in g  tum ors p ro d u ces no  sym ptom s, and  elevated 
pp  levels in  ra ts  transgen ic  for the  pp  gene are assocìated  
w ith  only m odest in h ib itio n  in  food in take and  gastric 
em ptying. O n the o th e r  h and , patien ts w ith  P ra d e r— 
W illi syndrom e (congenital obesity , hyperphag ia , 
hyperglycem ia, an d  hyperin su linem ia) have abnor- 
m ally low  basal an d  m eal-stim u la ted  levels o f PP; pp 
adm in istra tion  can d im in ish  the ir hypcrphag ia  th ro u g h  
an un k n o w n  m echanism .

PEPTIDE YY 

Tissue Distribution

Peptide YY is p red o m in an tly  expressed  in  endocrine  
celis b u t is also p ro d u ce d  by n eu ro n s  in ce rta in  species. 
The p rim ary  sou rce  o í  se ru m  PYY released in to  the 
b loodstream  is en te ro en d o c rin e  cells in  the d istal gut 
ep ithelium ; PY Y -im m unoreactive cells can  be ío u n d  in 
the u p p er sm all in testine  of m any m am m als, b u t the 
co n cen tra tio n  of these cells increases in an abora l d i ' 
rec tion , w hereby the co lon  and  rec tum  have the h ighest 
density  o f PYY -producing cells. The PY Y -containing 
cells have a ílasklike appearance  charac teris tic  of 
open -type endocrine  cells, w ith  a w ide base co n ta in ing  
the secreto ry  g ranu les and  a th in  apical arm  ex ten d in g  to 
the g u t lum en. A large p ro p o rtio n  o ĩ the PY Y -conlaining 
granules also co n ta ỉn  p rog lucagon-derived  pep tides  
such  as g licen tin  an d  g lucagon-like pep tides  1  and  2 .

PYY is also co n ta in ed  in  endocrine  cells in  the gastric 
m ucosa of a few ad u lt an im al species, b u t these are a 
m ino r p ro p o rtio n  of to tal PYY-containing cells. PYY can 
colocalize w ith  g lucagon  (ra ts and  m ice) an d  pp (dogs 
and  pigs) in pancreatic  en d o crin e  cells and  in speciaì- 
ized ep ith e liu m  of alveolar d u c ts  (Syrian go lden  ham - 
sters). P eptide YY h as bee.n íound  in n eu ra l s tru c tu re s  of 
the en teric  n ervous system , ìnc lư d ing  m yen teric  ganglia 
and  serosal ganglia. C en tra l nervous system  Iocalization  
o f PYY has also b een  m ade in  the hypo tha lam us, b ra in  
stem , and  spinal co rd  o f the rat.

Gene Organization

T he h u m a n  gene for p ep tid e  YY is also m ade up  0)f 
four ex o n s  and  th ree  in tro n s  th a t span  a p p ro x im a te ly  
1.2 kb  and  en co d e  a 97 -am in o -ac id  p rep ro  h o rm o n e . 
E xon  1 en co d es the 5' u n tran s la te d  region, exon  2 e n -  
codes a 2 8 -am in o -ac id  signal p e p tid e  and  m ost of PYY', 
exon  3 en co d es  th e  C -term inal PYY ty rosine  and  a 
26 -am in o -ac id  ex tension , an d  ex o n  4  encodes a íu r th e r  
7 -am ino -ac id  ex ten s io n  an d  the 3 ' u n tran s la te d  reg io ĩi. 
P o sttran s la tio n a l P rocessing  p ro d u ce s  the 3 6 -am in o - 
acid  p e p tid e  w ith  an  am idated  C -te rm inal ty rosine res- 
idue. T he s tru c tư re  of th is gene is so sim ilar to th a i o f th e  
h u m a n  pp  gene th a t it is th o u g h t to be the resu lt o f a g en e  
d u p lic a tio n  event.

P ep tide  YY h as also b een  d iscovered  to  ex ist as a  
3 4 -am in o -ac id  p ep tid e , PYY 3 —36, in sorae species, 
in c lu d in g  h u m an s. T his sh o rten e d  form  is like ly  d u e  
to p ro lin e  d ip ep tid y l pep tidase  IV cligestion of th e  
fu ll-leng th  p ep tid e . PYY 3 —36 can  acco u n t for up  to  
50% of to ta l PYY activ ity  in  p o stp ran d ia l h u m a n  
se ru m , a n d  has affìnity for Y recep to rs  th a t b in d  
C -tc rm in al írag m en ts  of PYY and  NPY. Last, the  p ros- 
tate- and  te stis-restric ted  3 3 -am ino -acid  h u m a n  sem inal 
p la sm in  p ep tid e  (so-called  PYY2) is ho rno logous to th e  
12 am in o -te rm in a l resid u es of h u m a n  PYY, bu t does n o t 
a p p ear to  have b in d in g  activ ity  at Y recep to rs.

M echanism s o f Peptide YY Release

P ep tid e  YY is re leased  in  response  to ingested  food, 
p resum ab ly  to co o rd in a te  p o stp ran d ia l gas tro in tes tina l 
reAexes. In  h u m a n s, PYY se ru m  levels begin to increase 
w ilh in  30 m in u tes  of a m eal and  reach  a p la teau  after 
1 — 2 h ou rs. T he m a x im u m  level is m a in ta in ed  for up 
to  4  h o u rs  and  th en  re tu rn s  slow ly to b a s e l i n e .  It is 
h y p o th e s iz ed  th a t the early  increase  is due to signals 
from  the d u o d e n u m  because ingested  n u tr ie n ts  have 
n o t h ad  tim e to reach  the d is ta l gu t for d irec t s tim ula tion  
of PY Y -containing cells. T here  are data to su p p o rt a 
n eư ro h u m o ra l m ech an ism  reg u la tin g  PYY release 
from  th e  d ista l g u t by  u p p e r  in te stin a l s tim uli, but 
th is  is on ly  ío u n d  in  ce rta in  species.

T here  is ev idcnce tha t gastrin  a n d  CCK m ay be in- 
vo lved  in the  early  p o stp ran d ia l PYY release. G astric 
acid se c re tio n  s tim u la ted  by m eals (in  dogs) con tribu tes 
to g as tric -p h ase  PYY release because early PYY release 
can  be b lo ck ed  by h istam ine  rec ep to r b lockade and 
p ro to n  p u m p  in h ib ito rs . G astrin  has been  ío u n d  to in- 
h ib it PYY release fro.m in testina l en d o c rin e  L cells, so th í 
in h ib itio n  o f  g as trin  release accom pany ing  gastric acici 
secre tion  m ay rem o v e th is  inh ib ito ry  in p u t on  PY^ 
secre tion . In  ra ts  trea ted  w ith  p ro to n  p u m p  inh ib ito rs  
t h e  r e s u l t i n g  i n c r e a s e s  i n  g a s t r in  l e v e l s  a r e  t h o u g h t  to



b r  responsib le  for th e  d ecrease  in  PYY c o n te n t and 
mRNA levels in the co ìo n  because th ís  effect is b locked  
bv a gastrin /C C K -B  re c e p to r  an tagon is t. F u rth e rm o re , 
in dogs, CCK in fusion  increases PYY levels, an d  th is 
elíect can  be b locked  by  CCK-A re c e p to r  an tagon is ts . 
It is n o t clear if CCK ac ts d irec tly  o n  PY Y -secreting cells 
o r via in te rm ed ia te  n e u ra l pathw ays.

N eu ra l íactors p lay  a ro le  in  physio log ic  PYY release. 
F or in stan ce , th e re  m ay  b e a baseline  in h ib ito ry  effect of 
in tac t gu t in n e rv a tio n  on  PYY release b ecau se  trunca l 
vagotom y, general an es th es ia , and  je ju n o ile a l denerva- 
tion  en h an ce  m ea l-s tim u la ted  PYY release  in  dogs. 
O n the o th e r h an d , a PYY -releasing s ig n a l from  the  du- 
O tlenum  to  the d is ta l g u t ca n  be in te r ru p te d  by  a tro p in e  
(in  cìogs, no t ra ts), h e x a m e th o n iu m  (d o g s an d  rats), 
tru n ca l vago tom y (ra ts ) , a n d  CCK re c e p to r  an tag o n is ts  
(ílogs, n o t ra ts). In  a d d itio n , ad ren erg ic , cho linerg ic , 
and  ce rta in  p ep tid erg ic  (bo m b esin , g as trin -re lca sin g  
p ep iid e ) s tim u li have been  show n  to s tim u la te  PYY re- 
lease, b ư t the phỵsio log ic  relevance o f th is is u n k n o w n .

T he m ajo rity  o f p o s tp ra n d ia l PYY re lease  is re la ted  to 
ex p o su re  o f the d is ta l sn ia ll bow el an  d  co  lo n  to  the 
lum inal rem n an ts  o f a  m eal. ĩn  h u m a n s, p e p tid e  YY is 
re leased  in  p ro p o riio n  10 thc ca lo rie  c o n te n t (h igher 
levels w ith  m o re  ca lo ries) an d  n u tr ie n t co m p o sitio n  
o í a m eal (fat m eals s tim u la te  s ign ifìcan tly  m ore  PYY 
release co m p ared  to  isocalo ric  p ro te in  o r ca rb o h y d ra te  
m eals). T his is co n s ìs te n t vvith the effect o n  PYY release 
fo llow ing  d irec t in s tilla tio n  o f speciíìc  n u tr ie n ts  in to  the 
d istal gu t. A d m in is tra tio n  o f  o leie ac id  to  d is ta l in iesti- 
nal ep ith e liu m  can re su lt in  PYY release  (seen  in  dog, 
Cíit, ra t, an d  h u m a n  m o d e ls) . H ow ever, th e  m o st con- 
s is ten t effect is seen  w ith  co m b in a tio n s o f o le ic  acid  and 
bile  sa lts, speciíìca lly  ta u ro c h o la te  a n d  deoxycho la te ; 
oleic ac id  by itse lí m ay  have no effect o n  PYY release 
(in  h u m a n s, for in s ta n c e ) . A lthough  b ile  sa lts  en h an ce  
the  effect o f ía tty  ac id s o n  PYY release via d irec t ep ithel- 
iál co n tac t, they  can  also  have sim ila r s tim u la to ry  effecls 
o n  th e ir  ow n. G lucose an d  p ro te in  o r  am in o  ac id s can 
also  s tim u la te  PYY re lease  after in s tilla tio n  in to  the dis- 
tal gu i, b u t w h e th e r  th is  is o f physio log ic  im p o rta n c e  is 
no t k now n . Last, adeny ly l cyc lase-coup led  s tim u li in- 
creasing  in tra ce llu la r  cyclic  AMP levels a p p e a r  to  be the 
p re d o m in a n t signals for d irec tin g  PYY release .

Peptide YY R eceptors

Pepticỉe YY is a h igh -affìn ity  co g n a te  lig a n d  for sev- 
eral Y rec ep to r  su b ty p es, in c lu d in g  th e  Y l, Y2, an d  Y5 
rrc ep to rs . Y1 re c e p to rs  have h igh  affin ity  for PYY, neu- 
ro p ep iid e  Y, and  speciíic  su b s titu te d  fo rm s o f  these pep- 
tides, [P ro34]PYY a n d  [P ro 34]NPY, a n d  low  affin ity  for 
C -te rm in a l írag m en ts  o f these p ep tid es  as w ell as in tac t

p p .  I n  a d d i t i o n  to  w i d e s p r e a d  d i s t r i b u t i o n  in  t h e  C e n tr a l  

n erv o u s system , YI rec ep to rs  are also fo u n d  in  vein s and  
a rte ries  as w ell as in  co lon ic  ep ithelia l cells an d  nerve 
íibers and  ganglia o f the en te ric  nervous system  in  hu- 
m ans. Y2 recep to rs d isp lay  h igh affìnity for PYY, NPY, 
and  various of th e ir C -te rm inal íragm ents; co m p ared  to 
the  Y1 recep to r, there  is lơw -affinity  b in d in g  o f [P ro 34]- 
PYY an d  [P ro34]NPY an d  no  b in d in g o í pp . Y2 recep to rs  
o cc u r in  the b ra in , bu t also  in the co lon ic  ep ith e liu m  of 
rats, in  b lood  vessels (dog  sa p h en o u s  v e in ) , an d  in  nerve 
íibers of the au to n o m ic  n ervous system . T he Y5 recep to r 
is describ ed  as “Y l-lik e ” because n o t on ly  do PYY and  
NPY b in d  w ith  h igh  a ííìn ity , b u t so do the Y1 analogues 
([P ro 34]PYY and  [P ro 34]NPY) in  ad d itio n  to long 
C -te rm in al írag m en ts  su c h  as NPY 2 —36 a n d  PYY
3 - 3 6 ;  how ever the  C -te rm inal írag m en t NPY 13 —36 
b in d s  w ith  m u c h  low er affinity  (PP b in d in g  affinity 
for the ra t an d  h u m a n  Y5 recep to r w as low  for ra t pp  
bu t h igh  for h u m a n  an d  bov ine pp ). The Y5 recep to r 
sub type is íou n d  p rim arily  in  the brain .

O th er rep o rted  rec ep to rs  for PYY inc lude the  Y6 
rec ep to r  an d  a PY Y -preferring recep to r. T he Y6 rec ep to r  
w as o rig inally  found  in  ra t b ra in  and  su b seq u en tly  rab- 
b it, m onkey , an d  h u m a n  ho m o lo g u es w ere described . 
T he rat Y6 rec ep to r has b een  variably  show n  to possess a 
h igh  affinity for PYY w ith  a Y l-like  b in d in g  pro íìle  
or a h igh affinity  for p p  and  low er affinity for PYY. 
T he Y6 recep to r has n o t been  show n  to be a physio log- 
ically  relevan t recep to r in  hu m an s. A PYY-preferring 
rec ep to r  has been  suggested  to  ex ist because  of a 
th ree  to  five tim es g rea ter po tency  com pared  to  NPY 
íb r som e b io logical effects, bu t th is p u rp o rte d  recep to r 
has n o t b een  ch a rac te rized  m olecu larly  an d  rem ains 
theo re tica l at p resen t.

Peptide YY Biological Actions

P ep tide  YY has b een  cha rac te rized  as a cand ida te  
en te ro g astro n e  b u t ađ d itio n a lly  has been  sh o w n  to in- 
h ib it in te s tin a l m otility , gu t ep ithelia l secre tion , and  
pan crea tic  secretion . T here  are several aspects o f in te r- 
p re ta tio n  of the  large b o d y  of data  p e rta in in g  to the 
b io log ical effects o f PYY tha t m u st be  kep t in  m ind; 
a lth o u g h  sim ila r effects for PYY are seen  in  m any  an im al 
m odels, the u ltim ate  effect o f PYY is very d e p e n d e n t on  
( 1 ) the  species s tu d ied , ( 2 ) w h e th e r res ting  o r  stim u- 
la ted  co n d itio n s  are te s ted  for PYY in h ib ito ry  effects 
(and  the  type of s tim u la tio n  u sed ), an d  (3) w hat 
doses of PYY are re q u ired  for effects (w h e th e r effects 
of PYY are observed  at p o s tp ran d ia l se ru m  concen tra- 
tions o r only  at h igher, so -ca lled  p harm aco log ic , doses).

W h e th e r  PYY ac ts as a classic en te ro g astro n e  is 
n o t clear. O n  the one h an d , it has b een  sh o w n  that



in trav en o u s ad m in is tra tio n  of PYY at doses rep roducing  
h ighcr p o stp ran d ia l levels and supraphysiologic levels 
can  inh ib it gastric acid p ro d u c tio n  in hum ans, rats, and 
dogs. O n the o th er h an d , the inh ib ition  of gastric acid 
p ro d u c tio n  and em p ty in g  induced  bv in tro d u c in g  fai 
in to  the u p p er sm all in tesline  is not due to ihe accom - 
panv ing  PYY elevaúons ( in  h um ans and dogs) b u t is due 
to o th e r faclors, such  as CCK. On its ow n, PYY is m ost 
p o te n t at in h ib itin g  cephalic-phase gastrìc acid p roduc- 
tio n  (nearly  90% in h ib itio n  in  sham -fed dogs), and this 
req u ires  vagal in n e rv aú o n . PYY can also inh ib it gastric 
ac id  p ro d u c tio n  by add itíve  effects w ith glucagon-like 
p e p tid e -] , secretin , an d  som atosta tin  o r by directly  
b lock ing  g as trin -s tim u la ted  histam ine release from  en- 
te rochrom affin -like  (ECL) cells (in rats).

PYY can  a l s o  act in the  C e n tr a l nervous system  (CNS) 
to m odu la te  gastric acid  secretion . However, the rou te 
o f access o f PYY to the  CNS resu lts in d ifferent effects 
o n  gastric acid p ro d u c tio n . lt has been show n that in- 
travenous PYY can cross the b lood — brain ba rrie r to b ind  
speciiỉcally  lo reg ions o f the dorsal vagal com plex 
(DVC) Ithe nucleus trac tu s  solitarii, the dorsal m otor 
n u c leu s  (DM N) of the vagus, and ihe area postrem a 
(A P )], w here Y recep to r subtypes Y l, Y2, and Y4 
have been found. The ìn h ib ito ry  activily ol PYY on cen- 
trally  stim u la ted  gastric acid secreúon  (cephalic phasc, 
for in stance) m ay o ccu r w ilh in  ihe CNS because 
in trac is ie rn a l inịection of nentralizing antibodies 
aga in st PYY can  b lock  its inh ib ito ry  effects. O n the 
o th e r  h an d , w hen PYY is d irectly  m icroinjected  in to  
the DVC of rat b rain  sLem, thcre is a dose-dependen t 
increase  in  gastric acid secretion  (that is d epcnden t on 
an  in tac t vagus nerve). T hese observations suggest thai 
PYY has a com plex  ro le in  gastric acid regulation  that 
varies w ith  the phase o f gasiric acid p roduction .

O ne of the m ost co n sis ten d y  observed effects o í 
PYY is ihe inh ib ition  o f in testinal m otilitỵ. T his effect 
is th o u g h t to enhance in tra lum ina l n u triem  d igestion  
an d  abso rp tion , ea rn ing  PYY the rubric “the ileal b rak e .” 
D elays in orocecal transit tim e are induced bv PYY in- 
ĩu s io n s  that rep roduce no rm al posip rand ial PYY levels. 
T he decrcase in in testinal m otility  following fat expo- 
su re  in the lovver sm all bow cl can bc b locked by neu- 
tra liz in g se ru m  PYY w ith  specific antisera. T h iseffec t on 
in testin a l m otility  m ay be beneíĩcial in cond itions re- 
su ltin g  in deliverv  of u n ab so rb ed  nu trien ts  to the disial 
bow el and  colon, su c h  as pancrealic  insuffìciency, 
C rohn  s disease, and acu te  d iarrhea , vvhich are associ- 
a ted  w iih  h igh basal an d  postp rand ia l PYY levels.

In the pancreas, sup raphvsio log ic  levels of PYY can 
in h ib it sec re tin -s tim u la ted  secretion  in the anestheúzed  
cat. S im ilarly, h igh doses of in travenous PYY inh ib it 
m eal- and  secre tin -s tim u la ied  pancreatic sccretion  in

the dog, b u t porcine PYY has no effect on secretin - Cir 
C C K -stim ulated  pancreatic  se c re tio n  in hum ans.

O ther PYY biological effects in  the gut inc lude in -  
h ib ù io n  of stim u la ted  ap ical ch lo rid e  secre tio n  in g u t 
ep ith e liu m  and an increase in in te stin a l ab so rp tio n  in  
in tac t anim als. PYY has been  sh o w n  lo slim u la te  p ro - 
liíe ra tio n  ìn gut ep ith e líu m  (Y recep to rs  are ex p ressed  
by the gut ep ithelium  of hum ans, rabb its , and  rats) an d  
m ay be involved in  gut ep ithelia l d iffe ren tia tio n  signals. 
PYY effects on  feeding behav io r are inc luded  in  th e  
d iscu ssio n  of n eu ro p e p tid e  Y.

N E U R O PE PT ID E  Y 

T issue Distribution

T he m aịority  of n eụ ro p e p tid e  Y is found in the 
C e n tr a l  a n d  p e r ip h e r a l  n e r v o u s  system s ( a l s o  s e c n  i n  

chrom affìn  cells of the ad renal m ed u lla  and  p h eo ch ro - 
m ocy tom as), so that its d is trib u tio n  in  the gu t is w ith in  
nerve cells and íìbers. T he N P Y -im m unoreactive (NPY- 
IR) nerves in ihe gut m ay be in tr in s ic  o r ex trin sic  to the 
gu t. The in trin sic  NPY-IR nerves are p art o f the non- 
ad rcnerg ic  en teric nervous system , w here NPY m ay 
colocalize with o th er n eu ro p ep tid es , such  as vasoactive 
in testin a l pep lide (VIP) and p ep tid e  h is tid ine  iso leu- 
cine. The ex trinsic  NPY-IR nerves generally  are ad ren - 
erg ic libers w here NPY colocalizes w ith  n o rep in ep h rin e , 
and ihey innervate vascu lar s tru c tu re s . NPY is ĩound  in 
ganglia  cell bodies, w ith  h igher Crequency in  subm uco- 
sal plexi but also o ccu rring  in ihc m yen teric  plexi and 
ex trinsica lly  in the celiac gang lion . NPY-IR nerve íìbers 
are found  ex tend ing  from  p lex i to the m uscle layers of 
ihe  m uscu laris  p ropria , as w ell as w ith in  the m uscularis 
m ucosa, and in to  the m ucosa, w here  they may closely 
invest the crypls. Perivascu lar NPY-IR (ìbers are largely 
o f ex trin sic  adrenerg ic o rig in .

N PY  G e n e  E x p re s s io n  a n d  R e c e p to r s

T he hum an  gene for n eu ro p e p tid e  Y isa lso  m ad eu p  of 
four exons and three in tro n s  that sp an  approx im ate ly  
8 kb  an d  encode 97-am ino-acid  residues o f the NPY 
p rep ro  horm one. Exon 1 encodes the 5’ un transla ted  
reg ion . exon 2 encodes resid u es 1—28 of the signal 
p ep tid e  and m ost o f NPY, exon  3 encodes the 
C -te rm inal tvrósine, th e  3 -am ino -ac id  cleavage si te, 
and  a 23-am ino-acid  ex tension , an d  exon  4 encodes a 
fu rth e r  7 -am ino-acid  ex tension  an d  the 3' un transla ted  
reg ion . P ositranslaiional P r o c e s s in g  produces the 36- 
am ino -acid  pep tide vvith an am id a ted  C -term inal tyro- 
sinc residue.

The fu ll-length  am idated  36 -aitiino -ac id  pep tide is 
the m ajor form  of NPY found  in  th e  b loodstream  afte:-



ivlease from  nerve en d in g s  fo llow ing  sy m p a th e tic  stim - 
u la tion  or íeeding. NPY h in d s  to severaì Y recep to r sub- 
types as p rev iously  d iscu ssed . An NPY-specific reccp to r 
sub type , Y3, th a t does n o t b in d  PYY has been  described  
pharm aco log ica lly  b u t h as  yet to be c loned . G iven  the 
e \'tensive rep re se n ta tio n  of NPY in  nerves in the  gu t, it is 
iin p o ria n t to no te  th a t Y rec ep to rs  are found  o n  ganglion  
cclls and  nerve fibers ( in  h u m an s) and on  ep ith e lia l cclls 
(in  rabbits, hum ans, ra ts , an d  m ice), w here  NPY re- 
lcased from  nerve en d in g s  (and  possib ly  PYY released  
from en te ro en d o c rin e  cells) co u ld  ex e rt an  effect.

NPY Biological A ctions

N eu ro p ep tid e  Y h as  a w ide  variety  o f activ ities, in- 
clu d in g  v asoconstric tion  an d  reg u la tio n  of card iac  fu n o  
tion , s tim u la tio n  of íeed ing , m o d u la tio n  of p itu itary  
ìvlease oí ho rm o n es, an d  effects on c ircad ian  rhv tlim  
and anxicty State. In the gu t, administration of NPY po- 
tcn tly  inh ib its  m ucosal ílu id  and electro ly te secretion  
s tim u la ted  by p ro s tag lan d in  E2, VIP, an d  cho lera  toxin. 
NPY has effects o n  g u t m o tility  as well, m ed ia ting  con- 
trac tion  and  re lax a tio n  o í  th e  low er esophageal sp h in c te r 
(ca t), co n trac tio n  of lo n g itu d in a l m uscle  an d  inh ib ition  
o f perista ls is  an d  c irc u la r  nm scle reílex  con traction  
(gu inea pig), an d  c o n tra c tio n  of long itud inal m uscle 
(ra t, dog). NPY ap p ears  to  m ed iate  its e íĩec ts on  m otility  
n o t by d irec t ac tions on  m u sc le  bu t ra th e r  by inh ib ition  of 
exc ita io ry  n eu ro n s  of th e  en teric  nerv o u s system .

N eu ro p ep tid e  Y has em erg ed  as one of the key neu- 
ro p ep tid es  active in s tim u la tin g  íeed ing  b ehav io r ancỉ 
co o rd in a lin g  p e rip h e ra l s igna ls  involved in bo d y  w eight 
rrg u la tio n . S tud ies in  ro d e n ts  show  tha t NPY in jected  
in to  the b ra in  (ce reb ra l ven tric le s  an d  h y po tha lam us) 
in d u ces íeed ing , p ro lo n g s  feeding, an d  causes íeed ing  to 
rcsu m e in  fed an im als. Increases in  en d o g en o u s  NPY 
o cc u r ỉn  Lhc p a ra v e n tr ic u la r  nu c leu s o f the h ypo tha la- 
m u s p rio r  to  n o c tu rn a l íeed in g , cluring íasting , an d  ac- 
co m p an y in g  the h y p e rp h a g ia  of d ru g -in d u c ed  d iabetes 
an d  genetically  obese an im a ls  such  as fatty Z ucker rats 
and  oh/ob m ice. T hese la tte r  observa tions suggest thá t 
NPY plays a physio log ic  ro le  in feed ing  behav io r. C ur- 
rc n t m ode ls of N P Y -induced  íeed ing  shovv th a t the NPY 
released  írom  fibcrs o rig in a tin g  in  the  hypo tha lam ie 
a rc u a te n u c le u s is re sp o n s ib le fo rs tim u la tin g fe ed in g .T h e  
s tim u la tio n  of ĩeed ing  ap p e a rs  to be m ed iated  th ro u g h  
Yl o r  Y5 rec ep to r  su b ty p es , likely  located  in  o th e r  hy- 
p o th a lam ic  areas su c h  as th e  p a ra v en tr ic u la r  nucleus. 
T hough  rises  in  NPY levels in  the h y p o th a lam u s p recede 
foeding, it is n o t yet c lea r w hat the  exac t p rox im ate  
n ie c h a n ism sa re th a tc o n tro la n d c o o rd in a te th is in c re a se .

N eu ro p ep tid e  Y -stim u la ted  íeecling m ay also be part 
oỉ a ìa rger reg u la to rv  m e ch a n ism  tha t is in d u e n ce d  by

signals from  o u tsiđe  th e  C en tra l  n erv o u s system . It has 
b een  show n  th a t ac tiva tion  of Y2 rec ep to r  sub tvpes in 
the rat h y p o th a lam u s can  clecrease the release of NPY. In 
su p p o rt o f th is  activ ity , a Y 2 'p re fe rrín g  ligand PYY 3 —36 
can in h ib it n o c tu rn a l o n se t ĩeed ing  in  ra ts  (iĩỹected  
i n t r a p e r i t o n e a l l y )  a n d  d e c r e a s e  c a l o r i e  i n t a k ẹ  i n  h u -  

m ans fo llow ing  in tra v en o u s  in íu s io n s  that m im ic post- 
p ran d ia l b lo o d  levels. T his suggests th a t p e rip h e ra l 
p o s tp ran d ia l PYY release (recall the PYY 3 —36 íragm en t 
can acco u n t for up to 50%  of to tal PYY activ ity  in  post- 
p ran d ia l h u m a n  se ru m ) m ay c o n trib u te  to a sa tie ty  ef- 
fect by a tte n u a tin g  the  NPY effect in  the h y p o th a lam u s. 
W h e th e r  th is  in h ib ito ry  effect is accom plished  by  d irec t 
effects on  the  h y p o th a lam u s or in d irec tly  Via o th e r  n eu - 
ral rn ech an ism s has yet to bé estab lished .

L ep tin  is a n o th e r  p e rip h e ra l signal re la ted  to regu- 
la tio n  of bo d y  w eig h t th a t can in íluence  h y p o th a lam ic  
NPY activ ity . L eptin  can  decrease the p ro d u c tio n  ofNPY  
in the  a rc u a te  n u c leu s  o f the h y p o th a lam u s (m ice); 
su b p o p u la tio n s  of N PY -con tain ing  n e u ro n s  in  the rat 
h y p o th a lam u s invo lved  in  reac tio n s to íasting  also ex- 
press the le p tin  rccep io r, su p p o rtin g  a ro le  for lep tin  
reg u la tio n  o f  NPY in íeed ing  response . It is th o u g h t thai 
ílu c tu a tio n s  in  lep tin  levels re la ted  to body  fat sto res 
m ay co n trib u te  lo e n h a n ce d  N PY -induced íeed ing  d u r- 
ing  low -body-fat c o n d iiio n s  (low  lep tin  levels) and  
b lu n te d  N P Y -induced  ĩeed ing  d u r in g  h igh-hodv-fa t 
sta tes (h ig h  lep tin  levels).

T hese d a  ta suggest iha i NPY has an  im p o rta n t role in 
Central co n tro l of íeed ing  b ehav io r and  th a t p e rip h e ra l 
signals, in c lu d ìn g  p o stp ran d ia l PYY release an d  lep lin  
levels re la ted  lo bo d y  fat s to res , m o d u la te  the ĩeed ing  
response to estab lish  sa tie ty  and  energy  hom eostasis.

See A lso the Follow ing Articles

C h o lecy sto k in in  (C C K ) •  G astric Acid Secretion  •  G astric  
M otility  •  G astrin •  llea l Brake •  Pancreatic Enzym e  
Secretion (Physiologv)
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c o m p u le r iz e d  to m o g ra p h y  A  rad iograp h ic tech n iq u e  a llow -  
in g  v isu a liza tìon  o f a p la n e  or se c tio n  ih ro u g h  the body. 

e n d o sc o p ic  re lrograd e ch o la n g io p a n c r e a to g r a p h y  A proce- 
dure vvhereby p an crca tic  and  b iliary  d u cts are v isu a lized  
by e n d o sc o p ic  in je c tío n  o f  con irast m ed ium . 

p se u d o c y s t  A n o n -e p ith e lia l- lin e d  c o lle c t io n  o f  pancreatic  
sécretio n s .

Pancreatic pseudocysts are non-epithelial-lined lluid col- 
lections that arise as a consequence of acute pancreatitis, 
ưaum a, or chronic pancreatitis . They are believed to re- 
sult from d isrup tion  of the pancreaiic duct with 
subsequent leakage of pancreatic exocrine secretions 
into surrounding  peripancreatic lissue. The incidence 
of pancreatic pseudocysts varies vvidely, especially w ith 
the increased use of axial im aging in patients w ith pan- 
creatitis and abdom inal pain. M ost pseudocysts are 
asym ptom atic; the developm ent of sym ptom s may herald 
signiHcant com plications, including pcrforation, obstruc- 
tion, hem orrhage, and iníection. Most pseudocysts are 
single, unilocular lesions. O ne-third of pseudocysts are 
located in the pancreatic head and the rem ainder 
are Ibund in the body and tail regioits. The Quid íìlling 
the pseudocyst cavity is usually  watery in nature and 
ri ch in pancreatic enzym es, including am ylase, lipase, 
and trypsin. Some endoscopic retrograde cholangio- 
pancreatogram  stud ies have shoxvn tha t in 80% 
of cases, the pancreatic duct com m unicates w ith  the 
pseudocyst.

PR E SEN TA TIO N  A N D  D IA G N O SIS

A lingering course of acu te  pancreaú iis , persis ten t ab- 
dom inal pain , or an ep igastric  inass m ay be po ten tia l 
ind icato rs of pseudocyst developm ent. Acỉditional signs 
and  sym ptom s m ay signiíy  com plicaúons. In tection  
m an iĩests w ìth  fever and abdom inal pain . P atients 
w ith  ru p tu re d  pseuđocysts p rescn t w ith severe acute 
abdom inal pain, p erito n ea l irrita tio n , and  shock. Gas- 
tro in testina l b leeding an d  vom iting  occur w hen pseudo- 
cysts erode into the su rro u n d in g  visccra an d  vascular 
structu res.

The d iagnosis of pseudocysts has bcen  greatlv 
íacilita ted  by the use o f  axial im aging. C om pu lerized

tom ography  (CT) is the S ta n d a r d  for d iagnosis an d  de- 
tects sm all pseudocysts even less th an  1  cm  in d iam eter. 
M oreover, CT is help íu l in delinea ting  th e  features o f 
pseudocysts, in c lu d in g  anatom ic location , Abrosis of the 
wall, p resence of blood or in fec tious m ateria l, and via- 
bility of the su rro u n d in g  pancreatic  paren ch y m a 
( ĩ ỉ g .  1 ).

An assessm ent of the lik e lih o o d  of sp o n tan eo u s  res- 
o lu tion  and the risk  of develop ing  com plica tions gu ides 
clinical decision-m aking . M anagem ent m ay consist of 
observaúon  and  surveillance o r in te rven lion . P ancreatic  
pseudocysts resolve spon taneously  th ro u g h  abso rp tion , 
ru p tu re  in to  neighbo ring  v iscus, or d ra inage th rough  
the pancrealic  duct, vvith sp o n tan eo u s  reso lu tio n  in 
50% of cases. F acto rs that affect the like lihood  o f spon- 
taneous reso lu tion  include size, ch ron ic ity , an d  m ulti- 
plicity. M osl pseudocysts w ill resolve w ithou t 
in te rv en tio n  vvithin 6 w eeks. Lesions th a t are less 
than  6 cm  in size are m ore likely to heal than  thosc 
that are larger th an  6 cm. T hose a ttr ib u ted  to chronic 
pancreatitis  are less likely to heal than  pseudocysts 
secondary  to acu te  pancreatitis . M u ltilocu lar lesions

FIGURE 1 CT scan show ing a largc pancreatic pseudocysi. 
R eprinted from G uicc, K. ỉn "Surgery: Scientitìc Principle; 
and Pracúce” (L. G reeníìcld, M. M ulholland, K. oldharr, 
G. Z elcnock, and K. Lillem oe, ed s.), 2nd  Ed., vvith perm issior. 
C opvrighl Lippincott-Raven Publishers, 1997.



ai e also  less likely to  heal sp o n ta n eo u sly  th a n  u n ilo c u la r  
lcsions.

T H E R A PE U T IC  A P PR O A C H E S

E n d o sco p ic , p e rc u ta n e o u s , an d  su rg ica l a p p ro a ch es  
m ay be em piọyed  to  trea t co m p lica ted  o r  sy m p to m atic  
p an c rea tic  pseudocysts . E ndoscopy  m ay be used  to 
c reate a c o m m u n ic a tio n  be tw een  th e  p se u d o cy st 
an d  e ith e r  the  s to m ac h  o r  sm all bow el. A b ro ad ly  
aclheren t, opp o sin g  w all o f s to m ach  o r  sm all bow el 
is abso lu te ly  re q u ired  for th is  ap p ro a ch  to be consid - 
ered ; p rep ro ced u ra l axial scan n in g  is re q u ire d  to 
d o c u m e n t th is  c ircu m stan ce . A s te n t o r  ca th e te r  is 
th e n  dep loyed , c rea tin g  a co n d u it for in te rn a l d ra inage  
o f  the p seudocyst. R ad iog raph ically  g u id e d  p e rc u tan e - 
o u s  p lacem en t o f an  indw elling  c a th e ie r  in to  the 
p seu d o cy st is a n o th e r  m ean s of tre a ù n g  u n reso lv in g  
o r  co m p lica ted  cases o f  p an c rea tic  p se u d o cy si. E x te rna l 
c a th e te r  d ra inage o f the  p seu d o cy st m ay be co m p lica ted  
by  secondary  in ỉe c tio n  of ihe  p seu d o cy st, c a th e te r  ob- 
s tru c tio n  from  p a rtic u la ie  deb ris , an d  the  d ev e lo p m e n t
ol e n te ro cu ta n eo u s  o r p an c re a tic o c u ta n e o u s  fistulas. 
S urgical a p p ro a ch es  to  co m p lica ted  p an c rea tic  p seu d o - 
cysts  are b ased  o n  c re a tin g  an  in te rn a l d ra in a g e  com - 
m u n ỉc a tio n  b e tw een  the  p seudocyst an d  e ith e r  the 
s to m ach  o r srnall in te s tin e  (F ig. 2). As in  the  e n d o sco p ic  
ap p ro a ch , a b road ly  a d h e re n t p seudocyst w all is essen- 
tial to the success  o í the  d ra in ag e  p ro ce d u re . M oreover, 
an  a d e q U c U c ly  m a lu re an d  fib rous w all is req u ired  to 
e n su re  a s tab le  an astam o sis . P seudocysts lo c a te d  in  
th e  tail o f th e  p an c reas  m ay b e  am en ab le  to  re se c tio n  
b y  d is ta l p an c rea tec to m y . In  these cases, sp le n ec to m y  is 
w arrantecỉ if  th e  le s io n  is in  close p ro x im ity  to  the 
sp len ic  h ilum .

Pseudocyst

FIG URE 2 Pancreatic pseudocvst in close apposition to the 
duodenum , allowing íor cyst drainage inio ihe duodenum (cys- 
tod u od en ostom y). R eprinted ííom B rad lèy , E. L. (1 9 9 7 ). “M astery 
of Surgery” (Nyhus, Baker, Fischer, eds.), 3rd Iỉd., p. 1228, with 
perm ission. C opyright L ippincott W illiam s &  W ilkins.
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allograít A graft transplanted between genetically noniden- 
tical in d iv id u a ls  o f  the sam e sp e c ie s .  

diabetes mellitus A chronic metabolic disorder in which 
u tiỉiz a t io n  o f  carb oh yd rate  is  im p a ired  an d  that o f  lip id  
and protein is enhanced; it is caused by an absolute or 
rela iiv e  d e íìc ie n c y  o f  in su lin  an d  is  ch a ra cter ized , in  
m ore severe  ca ses , b y  c h r o n ic  h y p erg ly cem ia , g ỉy co su r ia , 
w ater an d  e lec tro ly te  lo ss , k e to a c id o s is , and  com a. 

diabetic neuropathy A generic term for any diabetes 
m eỉlitu s-re la ted  d iso rd er  o í  the p erip h era l n erv o u s  
sysiem, autonomic nervous system, and some craniai 
nerves.

im m u n o su p p r e s s io n  P rev en tio n  or in te r íeren ce  w ith  the  
development of an immunologic response; it may reílect 
natural im m u n o lo g ic  u n r e sp o n s iv e n e ss  (to le r a n c e ), m ay  
be a rtiíìc ia lly  in d u c e d  b y  c h e m ic a l, b io lo g ic a l, or 
p h y sica l a g en ts, or m ay be ca u sẽ d  b y  d isea se . 

pancreatic islet Cellular masses varying írom a few cells to 
h u n d r ed s o f  c e lls  ly in g  in  the in terstitia l t issu e  o f  the  
p a n creas that c o n stitu tc  the e n d o cr in e  p o r tio n  o f  the 
p a n creas an d  are th e  so u r c e  o i in su lin  an d  g lu ca g o n . 

renal failurc Loss of kidney íunction, either aeute or chronic, 
ihat results in azotemia and syndroiĩie of uremia. 

retinopathy Retinal changes occurring in diabetes mellitus, 
marked by microaneurysms, exLidates, and hemorrhages, 
and so m e tim e s  by n eo v a sc u la r iz a tio n .

Pancreatic transp lan ta tion  is a surgical trea lm en t for 
severe di.abet.es m ellitus and its com plications. Most com- 
m only, the en tire  gland is transp lan ted  hetero top ically  in 
cases of longstanding type 1  diabetes. In a num ber of 
scattered  reports, iso lated  pancreatic islets have been 
transp lan ted , w ith  m ainly unsa tisíacto ry  resu lts. The 
two p rim ary  objectives of pancreatic transp lan ta tion  
are to resto re norm al glucose hom eostasis and to  prevent, 
delay, o r reverse the end-organ com plications associated 
w ith  the underly ing disease.

IN T R O D U C T IO N

Pancreatic  tran sp lan ta tio n  has been  p erío rm ed  since 
19Ố6. Results w ere p o o r d u rin g  the first tw o decades 
for th ree  m ain  reasons. F irst, inab ilitv  to  successíu llv  
p reserve pancreatic  allog raĩts d u rin g  the req u ired  
perio d  of tim e betw een  rernoval írom  the d o n o r and

im p lan ta tio n  in to  the re c ip ien t led  to early  allograft 
ía ilu re in a s ign iíican t p ro p o r tio n  of cases. Second, fra- 
g ility  o f the  o rgan  an d  in ju ry  re la ted  to  ischem ia and 
rep e ríu s io n  resu lled  in  a h ig h  in c id en ce  o f allograít 
th rom bosis . T h ird , im m u n o su p p re ss iọ n  w as inadequa te  
to p rev en l re jection  an d  the tre a tm e n t of p an c reas trans- 
p lan t re jec tion  w as u n sa tis ỉac to ry .

Since the 1980s, rcsu lts  o f p an c rea tic  transp lan ta - 
tion  have stead ily  im p ro v ed . lm p ro v ed  procurem ent. 
tech n iq u es and  m ứre re liab le  p rese rv a tio n  so lư tions 
ha ve red u ced  the early  failure rate an d , com bined  
w ith  surg ical inn o v a tio n s, have lessened  the incidence 
of early  a llog raít th ro m b o sis . Im m u n o su p p ress iv e  drug  
dev e lo p m en ts  have sign iíìcan tly  red u ced  the  incidence, 
severity , an d  co n seq u en ces of a llog raít re jec tio n  and 
now  resu lt in  excellen t lo n g -te rm  in su lin -in d ep e n d en t 
survival.

IN D IC A T IO N S  A N D  
C O N T R A IN D IC A T IO N S

P atien ts w ith  lo n g stan d in g  type 1  d iabetes m ellitu s are 
can d id a tes  for pan c rea tic  tra n sp la n ta tio n . A d em o r- 
s tra te d  absence of c p e p tid e  co n íìrm s the failure ()f 
en d o g en o u s  in su lin  p ro d u c tio n . T he dev e lo p m en t of 
end -ơ rg an  com plica tiơns su ch  as d iabe tic  p ro liíe ra th e  
re tin o p a th y , p e rip h e ra l an d  a u to n o m ic  neuropathv , 
g as tro in tes tin a l d ysm otility , an d  d iab e tic  neph ropa thy  
signals advanced  stages o f th e  d isease an d  w arran ts  co r- 
s id e ra tio n  for tran sp lan ta ũ o n .

T hree  form s of p an c rea tic  tran sp lan ta tio n  are 0 - 
íered  to su itab le  p a tien ts  d e p e n d in g  u p o n  the degree 
o f  renal im p a irm ẹn t. T hcse  co m p rise  p an c reas  trarii- 
p la n t alone (PTA ), s im u lta n e o u s  p a n c re a s—k id n e / 
tran sp lan ta tio n  (SPK), an d  se q u en tia l pancreas afttr 
k idney  tran sp lan t (PAK).

In  p a tien ts  w ith o u t m arkecl rena l im p a irm e n , 
co n tro l ơf b lo o d  g lucose Via co n v en tio n a l m eans SUCÌ 
as in te rm itte n t su b c u tan e o u s  in su lin  in jec tions cr 
in su lin  p um p  is a lm ost alw ays successĩu l in  preventinT 
life -th rea ten in g  hypog lycem ic ep isodes. H ow ever, 1 
sm all n u m b e r of p a tien ts  have severe hypoglycem i:



un aw aren ẹss , m u liip le  lio sp ita liza tio n s for d iabetic  
co m a o r se izu res , an d  in a b ilitv  to co n tro l b lood  sugar 
dc.spite ad eq u ate  co m p lia n ce  w ith  an  aggressive rcgi- 
mt*n. T hese p a tien ts  m ay be candidat.es for PTA, p ro- 
vú led  th a t an  aclequate rẹn ạ l reserve is  p resen t.

Ind iv idua ls  w ho have a lread v  deve loped  rena l íail- 
u rc  are also ca n d id a tes  for p an c rea tic  tran sp lan ta tio n  
an d  req u ire  ren a l re p la c e m e n t therapy  as w ell, in the 
form  o f a k idnev  tra n sp la n t. Tw o m oda lities are avail- 
able for such  p a tien ts  a n d  the  cho ice  b e tw een  them  
d ep e n d s  on  the ava ilab ility  o f a k idney  do n o r. In the 
first case, if a liv ing  d o n o r  is available, the k idney  trans- 
plíin t is p e río rm ed  íìrs t an d  th e  p a tien t m ay receive a 
su b se q u en t cadaveric  p a n c re a s  tra n sp lan t (PAK), p ro - 
vicled th a t the k id n e y  tra n sp la n t is fu n c tio n in g  ade- 
qưately . If a liv ing  d o n o r  tran sp lan t is n o l feasible, 
thí* p a tien t m ay receive  b o th  o rgans from  a sing le 
cadaveric  d o n o r  (SPK).

R E C IP IE N T  E V A L U A T IO N

C a n d id a te s  u p  to  45 years o f age are ro u tin e ly  consid - 
e rcd , bu t o ld e r p a tie n ts  re q u ire  m ore  careíu l sc ru tin v  
d u e  to  d em o n stra te d  in íe r io r  p a tien t and  g raít survival 
ou tcom es. T he d u ra tio n  o f  d iab e te s  m cllitu s shoulcỉ be 
assessed  and  absence o f C -p cp tid e  secre tio n  con íìrm ed . 
System atic  assessm en t o f encl-organ co m p lica tio n s is 
im p o rta n t. D iabetic  re tin o p a th y  req u ir in g  laser ph o to - 
co ag u la tio n , v itrec to m y , o r o th e r  m easu res  sh o u ld  be 
assessed. B lindness is n o t  an  ab so lu te  c o n tra in d ic a tio n  
to  p an crea tic  tra n sp la n ta tio n , b u t  its p resence  m ay sug- 
gest m o re  ađvanced  sy stem ic  disease. P erip h era l neu- 
ro p a th y  an d  associa ted  m u scu lo sk e le ta l in an iíe s ta tio n s  
su c h  as C h a rco t jo in ts  m ay  be p resen i. A u tonom ic  ncu- 
ro p a th y  w ith  sy m p to m atic  o r th o s ta tic  h y p o te n sio n  and  
gas troint.es ti nai d y sm o tility  sy n d ro m es are  c o m m o n  in 
th is  p a tie n t p o p u la tio n . M e ticu lo u s in v estig a tio n  of cor- 
rec tab le  co ro n a ry  a rte ry  d isease  is m an d a io ry  in  ligh t o f 
thc  h igh  in c id en ce  o f b o th  ov ert an d  asv m p to m atic  le- 
sions. The p resence  o f severe  p e rip h e rạ l v ascu la r d isease 
is a m a rk e r  for system ic a th e ro sc le ro s is  an d , p a rticu la rly  
if associa ted  w ith  m a jo r  am p u ta tio n , is co n s id ered  a 
re la tive  co n tra in d ic a tio n . T h e  need  for im m u n o su p - 
p ressive  th e rap y , w ith  its  a tte n d a n t r isk s  o f neop lasia  
an d  in íe c tio n , m e an s  th a t p ree x is tin g  m alignancies 
(o lh e r  th a n  n o n m e la n o m a  sk in  cancers) an d  active o r 
ongo in g  in ỉe c tio n s  are a lso  co n tra in d ic a tio n s  to  p ancre- 
atic  tran sp lan ta tio n .

Ư nlike m ost su rg ica l p roceclures, so lid  o rg an  trans- 
p la n ta tio n  req u ires  life long  im m u n o su p p re ss io n  an d  
co o p c ra tio n  w iih  a co m p lex  m eđ ica l reg im en . A ccord- 
ing ly , p a tie n ts  m u s t be  cap ab lc  o f u n d e rs ta n d in g  thc

risk s  an d  benefits  oí the p ro ce d u re  and  have a requ isite  
systern of social su p p o rt.

D O N O R  C O N S ID E R A T IO N S

V irtually  aỉl p an crea tic  tran sp lan ts  are p ro cu red  from  
b ra in -d ead  cadaveric  d o n o rs . D o n o r assess tnen t is a 
critica l s tep  as the p an c reas  is m ore  su scep tib le  to  p re- 
p ro c u re m e n t ischem ic in ju ry  th a n  o th e r  so lid  organs. 
D o n o rs  over the age o f 45  years and  those  w hose cause of 
d ea th  w as ce reb ro v ascu la r acc id en t are risk  íacto rs for 
a llo g ra ít ía ilu re . H igh  levels o f v aso p resso r d rugs an d  
the usc o f an tid iu re tic  d ru g s (vasop ressin , desm o- 
p ressin ) to trea t cliabetes in s ip id u s  in  the d o n o r  m ay 
also be associa ted  w ith  a h ig h e r risk  of íailure.

M ost cadaveric  p an c rea ta  are p ro cu red  from  m ulti- 
o rgan  d o n o rs  from  vvhom k idneys, liver, h ea rt, ancl 
lungs are also be in g  re tríev ed . C o o rd in a tio n  be tw een  
several d o n o r  opera tive  team s m ay th e re ío re  be neces- 
sary , a lth o u g h  these p ro ce d u re s  are n ow  fairly S t a n d a r d - 
ized . T he en tire  p an c reas a long  w ith  the associa ted  
d o n o r  d u o d e n u m  is p ro cu red . T he vascu la r ana to n iy  
o f the live r an d  p an c reas  m ust be sharecl, s ince the p o rta l 
vein  is the v enous ou tflow  for the  p an c rea tíe  allograĩt 
an d  is also req u ìred  for the  liver. S im ilarly , ihe arte rial 
b lo o d  sup p ly  to the p an c reas  and  liver arises from  the 
celiac ax is a n d  a rte ria l anom alies, w h ich  m ay be found 
in u p w ard  o f 2 0 % of d o n o rs , m u st be assiduously  
sea rch ed  ío r an d  preserved .

R E C IPIE N T  O PE R A T IO N

T echn ica l déta ỉls  o f the rec ip ien t p an c reas  tran sp lan t 
have evolved  s ign iíican tlỵ . P lacem en t o f the organ  
in to  the iliac íossa w ith in  the p e rito n ea l ca vi ty (as op- 
posed  to the  re tro p e rito n e u m ) is preíerrecl. A rterial 
b lo o d  su p p ỉy  to the p ancreas, a rising  from  b ran ch es 
o f the  celiac axis an d  from  the su p e rio r  m esen teric  
arte ry , d ic ta te  ex  vívo rec o n s tru c tio n  p r io r  to im p lan ta - 
tion. A Y-graft o f b iíu rc a te d  d o n o r  iliac a rte ry  is gener- 
ally  u sed  to enab le  a sing le a r te ria l anasto m o sis  to the 
co m m o n  o r ex terna l iliac a rte ry  in  the  rec ip ien t. The 
d o n o r  p o rta l vein  is anasto rnosed  to the  ex tern a l iliac 
vein  o t the rec ip ien t.

T he m ore co m m o n  system ic d rainage resu lts  in 
ch ro n ic  h y p erin su lin em ia , a lth o u g h  no speciíìc adverse 
co n seq u en ces h a  ve em erged  and  g lucose h om eostasis  is 
excellen t. Som c g ro u p s  have advocateđ  p o rta l ven o u s 
d ra inage  of the p an c reas  as a m o re  physio log ical 
se tup . F irs t passage o f p an crea tic  v en o u s b lo o d  th ro u g h  
the  liver is associa ted  w ith  norrna l levels o f c ircu la tin g



in su lin  an d  a g lucose to le rance  th a t m ore  closely 
ap p ro x im ates  a norm al pa tte rn .

E xocrine  secreú o n  of the p an c reas  is the Achìlles 
heel of pancrea tic  tran sp lan ta tio n . T he two m ajor 
cho ices are to create an  anastom osis  beivveen the 
d o n o r  d u o d e n u m  an d  the rec ip ien t b la d d e r  o r to create 
an  anastom osis betvveen the d o n o r d u o d e n u m  and  
the rec ip ien t sm all bow el. T he fo rm er w as used for 
m any years, as it w as perceived  to be safer in  the 
even t of a p o sto p e ra tiv e  leak. Hovvever, d eh y d ra tio n  
an d  acidosis from  u r in a ry  losses of a lk a lin e  pancrea tic  
sec re tio n s have led to a re tu rn  to en teric  d ra inage o f the 
d o n o r  p an creas in  over o n e-h a lf  of cases.

T he pancreas allograft is p laced  co n tra la te ra l to a 
k id n ey  transp lan t. M ost g ro u p s p re fe r to p lace the 
p an c reas grafl o n  the righ t side if possib le . S ince the 
left iliac vein passes u n d e r  the iliac arte rỵ  on  that 
side, p lacem en t of the p an c reas on the  left m ay resu lt 
in  v en o u s h y p e rte n s io n  in the graft a n d  a h igher risk  oí 
a ilog raít th rom bosis .

IM M U N O SU P P R E SS IO N

T he m aịority  oT tran sp lan t cen te rs  use an ú -ly m p h o cy te  
p rep a ra lio n s  as part of an  in d u c tio n  im m u n o su p p res- 
s io n  reg im en fo llow ing  p ancrea lic  iran sp lan la lio n . The 
agen is available inc lude  po lyc lonal (eq u in e  an d  rabbit) 
an d  m u rin e  m o n o c lo n al an tib o d ie s  to the T-cell CD3 
re c e p to r  o r the rec ep to r for in te r leu k in -2 . M ain tenance 
im m u n o su p p re ss io n  u sually  consists of a ih ree -d ru g  
cock ta il u sing  a ca lc in eu rin  in h ib ito r  (cyc lo spo rine  or 
tac ro lim u s), an  an ti-m etab o lite  (usually  m ycopheno la te  
m o ĩe til), and  co rtico sle ro id s.

R ejection  occurs in  ưp to o n e-h a lf  of rec ip ien ts. 
It m u s t be d iag n o sed  early  a n d  trea ted  aggressively  to 
avoid  graft failure. T he d iagnosis inc reasing ly  relies 
on  a tissue b iopsy  o b ta in ed  p erc u tan e o u sly , laparo - 
scopically , o r via laparo tom y . P ancreas a llog raít rejec- 
tio n  is m ost com m on ly  trea ted  w ith  a fu.ll co u rse  of 
an ti- ly m p h o cy te  g lobu lin  o r m on o c lo n al an ti-T -cell 
an tibodv .

O U T C O M E

T he success of p an c rea tic  tra n sp lan ta tio n  can  be m ea- 
su re d  in term s of p a tien t an d  g raft su rv ival as w ell as by 
the effects of the tran sp la n t on  en d -o rg an  com plications. 
P a tien tsu rv iv a l fo ra ll m o d a lities  of the p ro ce d u re  (PTA, 
SPK, PAK) exceeds 94% at 1 year an d  83%  at 5 years. 
P ancreas graft surv ival ra tes are d e p e n d e n t on  several 
factors, the m ost im p o rta n t of w h ich  is the  m oda lity  of 
th e rap y  (Table I). SPK rec ip ien ts  have the h íg h est pan- 
creas graft surv ival ra tes, closely fo llow ed by rec ip ien ts

TABLE I 1- an d  3-Y ear P an creas T ransp lant G raft 
S u rv iva l R a tes b y  M o d a lity  o f  T ran sp lan ta tion

Pancreas transp lant m odality
1 -year graft 
survival (%)

3-year graf't 
survival (% )

Sim ultaneous p an creas— 84 77
kidney transplant

Pancreas after kidney transplant 70 56
Pancreas transp lan t alone 64 50

of PAK tran sp lan ts . R ejection  is easiest to d iagnose in  
SPK rec ip ien ts , w here  the k id n ey  transp lan ted  from  th e  
sam e cadaveric  d o n o r  acts as a b aro m eter for the im - 
m u n o lo g ic  resp o n se  to the  grafts. Those who receive a 
PTA have the p o o res t resu lts , p resum ab ly  because the 
d iagnosis o í  re jec tion  is m o re  difficult.

D iabetic re tin o p a th y  m ay paradoxically  w orscn  
iran sien tly  afler p ancrea tic  iran sp lan ta tio n , b u t hy
2 years post-SPK  tra n sp lan ta tio n  a h igher p ro p o rtio n  
of p a tien ts  have stable eyes w h en  com pared  to  cornpa- 
rab le  d ia b eú c  p a tien ts  trea ted  w ith  k idney tran sp lan t 
alone. P erip h e ra l n eu ro p a th y  m ay have m ultifactorial 
etio logy , p a rticu la rly  in p a tien ts  w ith  estab lished  renal 
failure. N evertheless, p an c reas tran sp lan t rec ip ien ts 
have been  show n  to have less severe an d  m ore slowly 
P rogressive n eu ro p a th y  than  th e ir n o n tran sp lan ted  
co u n te rp a rts . A successíu l pancreatic  tran sp lan t pro- 
tects the tran sp lan te d  k idney  (o r the native k idney  in 
the case of a PTA) from  the d ev e lo p m en t or p rogression  
o f d iabetic  n ep h ro p a th ỵ .

Q uality  o f life is d ram atica lly  im proved  for recipi- 
en ts of p an c rea tic  tran sp lan ta tio n . F reedom  from 
decades o f d ie ta ry  re s tr ic tio n s  and abo litio n  of the 
fear of hypog lycem ic com a o r se izu res are obvious ben- 
efits. O bjective m easu res  of hea lth  sta tus and  quality  of 
life have b ee n  rep ea ted ly  d em o n stra ted  to be greatly 
im proved  am ong  p an c rea tic  tran sp lan t recip ien ts.

S T A T U S O F ISLET T R A N SPL A N T A T IO N

Since the  p rim a ry  objective of pancrealic  transplania- 
tion  is the  re s to ra tio n  of g lucose hom eostasis, the con- 
cep t of iso la ted  p an c reaú c  islet transp lan ta tion  has been 
a ttrac tive  for m any  years. U nfo rtuna te ly , desp ite several 
decades o f research  an d  m o d est n um bers  of hu m an  cli.1 - 
ical investiga tions, lo n g -te rm  insu lin  independence  has 
been  ach ieved  in  fewer th an  1 0 % of cases. A recen t effcrt 
using  a co rtico ste ro id -free  im m un o su p p ressiv e  regim en 
in a sm all n u m b e r of p aú e n ts  has p rov ided  prom ising 
resu lts . Im p ro v ed  m e lh o đ s for large-scale islet iso la tú n  
an d  m ore effecúve im m u n o su p p ressiv é  drugs are



cred ited  w ith  these successes. H ow ever, lo n g -te rm  fol- 
low -up  w ill be req u ired  be ío re  an y  c o n c ỉu s io n s  can be 
draw n regard ing  the efficacy o f th is  ap p ro ach .
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Pancreatic Triglyceride Lipase
M a r k  E . L o w e

Washington ưniversitỵ School of Medicine, St. Lơuis, Missơuri

clietary fats Preclominantly triglycerides, which consist of 
acyl chains or íatty acids linked to glycerol through ester 
bonds.

lipase Enzyme that catalyzes the hydrolysis of ester bonds in 
dietary fats to release fatty acids. 

pancreaùc triglyceride lip a se  Speciiìc enzyme produced and 
secreted by pancreatic acinar cells; primarily responsible 
for intestinal digestion of triglycerides.

P iincreatic  tr ig ly cer id e  lip a se  i s  the m ajor  p a n crea tic  
lip a se  s y n th e s iz e d  and  s e c r e te d  b y  p a n cr e a tic  ac in ar  c e l ls .  
It a c co u n ts  for m o st  o f  th e  lu m in a l d ig e s t io n  o f  tr ig ly cer-  
id e s  in  the sm a ll in te s t in e . T h is  fu n c tio n  i s  c r it ic a l for the  
u tiliz a tio n  o f  d ietary  tr ig ly c e r id e s , b e c a u se  in te s t in a l en- 
tero cy tes  ca n n o t a b so rb  lo n g -c h a in  tr ig ly ce r id es  u n le s s  
l ip a se s  co n v e rt th em  to  fa tty  a c id s  and  m o n o a c y lg ly c e r o ls .

IN T R O D U C T IO N

T he d igestion  o f d ie ta ry  fats in  h u m a n s  beg ins ỉn  the 
s tom ach , w here  gastric  lipase (a  d is tin c t p ro te in )  re- 
leases ab o u t 15% o f th e  fatty ac id s írom  trig lycerides.

L ipases sec re ted  b y  th e  p an c reas co m p le te  d ie ta ry  fat 
d ig estio n  in  the sm all in te stin e . O f these  ìipases, 
pan c rea tic  triglyGeride lipase (PTL) p red o m in a te s , as evi- 
d en c ed  by p a tie n ts  w ith  co n g en ita l deíic iency  o f  PTL 
w ho  m a lab so rb  5 0 —60%  o ĩd ie ta ry  fats. C ho leste ro l es- 
terase, a n o th e r  n o n sp e c iíìc  lipase , m ed ia tes  the  hydro- 
lysis o f  o th e r  d ie ta ry  lip ids. O th e r  m ore  d is tan ily  re la ted  
lipases, su c h  as lip o p ro te in  lipase  a n d  h o rm o n e-sen si-  
tive lipase , m e d ia te  the u p ta k e  a n d  re lease  o f ía tty  acids 
from  v a rio u s  tissues.

PH Y SIO L O G Y

O nly  th e  p an c reas  syn th esizes  s ig n ifìcan t a m o u n ts  
o f PTL, an d  th is  o cc u rs  in  the ac in a r cells o f the pan- 
creas. In  a d d itio n  to  th is  tissue-spec iíìc  exp ressio n , 
m RNA  e n c o d in g  PTL show s tem p o ra l an d  cell-specific 
reg u la tio n . T he fetal p an c reas  o f h u m a n s  an d  ro d en ts  
does n o t ex p ress  m R N A  for PTL. A fter b in h ,  the  pan - 
creas o f su c k lin g  m ouse o r  rat p u p s  d o es  n o t express 
PTL m RNA  u n til the su c k lin g —w ean lin g  tran sitio n .



H um an  new b o rn s have decreased  lipase activúy  in 
pancrea tic  secre tio n s and  m ay also have decreased  
exp ression  of PTL. O nce expressed , mRNA enco d in g  
PTL appears  in the p an c rea tic  ac inar cells and  not in  
o th e r cell tvpes in  the pancreas. P ancreatic  ac in a r cells 
syn thesize  and secrete  PTL in to  the p an c rea tic  d u c t 
th ro u g h  b o th  basal and  regu la ted  pathvvays. In the com - 
m o n  duct, PTL m ixes w ith  b iliarv  lip ids an d  bile salts 
before en terin g  the d u o d en u m , w here  lipo lysis occurs. 
PTL is active at the n eu lra l pH  no rm ally  p re se n t in the 
in testin a l lum en . It can  be inactivated  by low pH , as 
occu rs w ith  gastric hypersecre tion .

LIPOLYSIS

PTL is a carboxyl esterase ihat p re ĩe rs acy lg lvceridcs to 
o th e r d ie tarv  lip ids, su ch  as p h o sp h o lip id s , cho lestero l 
esters, an d  galac to lip ids. PTL efficiently  hydro lyzes 
a b ro ad  range of acyl cha in s of vary ing  length  and 
sa tu ra tio n  from  the I and 3 po sitio n s oi tri-  and  digly- 
cerides, p ro d u c in g  íatty  acids and  2 -m onoacy lg lycer- 
ides. ỉn vitro , PTL cleaves acvl cha in s from  C |4 to G>2 
carbon  cha ins w iih  only  a six ío ld  d ifference in ra tes 
betw een  the besi an d  w orst substra tes.

Several p ro p eriie s  of PTL d is tin g u ish  it Irom  o th e r 
enzym es. Like all lipases, PTL has low  activ ity  ạgainst 
w aie r-so lub le  su b slra tes  an d  has m u ch  h ig h e r ac tiv ity  
against w ate r-in so lub le  su b stra tes  at o i l— w aier in te r- 
faces, su ch  as those p resen ted  by em u lsio n s of d ie tary  
lip ids. P aradox ically , m any of the usual co n s titu e n ts  
o f the d u o d en u m , su ch  as bi le salts, p h o sp h o lip id s , p ro - 
teins, a n d p o ly sac ch a rid es , inh ib it PTL. A n o th e rp a n c re -  
atic p ro te in , colipase, resto res  activity  to PTL u n d e r  these 
co n d itio n s  by an ch o rin g  it a t the lip íd —w ater in terĩace.

PRO TEIN  ST R U C T U R E

T he p rim ary  s tru c tu re s  o f PTL and  o f co lipase 
from  m u ltip le  species have been solved by chem ical 
m e th o d s  or p red ic ted  from  ihe ir cDNA sequence. 
Both p ro te in s  are syn thesized  w ith  17-am ino -acid  signal

peptides. M ature hum an  PTL co n ta in s  449  am ino  acids 
(m olecu lar mass, 49 ,558  Da) an d  h u m a n  co lipasé  con- 
ta ins 95 am ino  acids (m o lecu la r m ass, 1 0 ,1 0 4 Da). In 
con trast to m any o th e r p an c rea tic  exocrine  p ro te ins, 
PTL is n o t synthesized  as an inactive p ro ío rm  or zym o- 
gen. C olipase is secreted  as a p ro ío rm , called p roco lip - 
ase, tha t con ta in s a five-am ino-acid  p rop iece , w hich 
is cleaved to p roduce colipase. U nlike the exocrine 
proenzym es, p rocolipase does fu n c tio n  an d  can  restore 
activity to b ile -sa lt-inh ib ited  PTL.

The th ree-d im cnsional s tru c tu re  of PTL w ithou t 
colipase and two s tru c tu re s  of the PTL—colipase com - 
plex have greatly  increased  o u r  u n d e rs ta n d in g  of PTL 
function . PTL consists of tw o d is tin c t dom ains, an 
N -term inal ot/p hydro lase fold a n d  a C -ierm inal 
P -sheel sư u c tu re  w ith  hom ology  lo the C2 dom ains 
that are found in a w ide range of p ro te in s. Colipase 
b inds to the C -term inal dom ain  of PTL. The active 
site of PTL resides in the N -ierm inal dom ain  and 
con tain s a g lu tam ic a c id —h is iid in e —serine  ẹatalytic 
site. In the P T L siru c tu re  and  in o n e o ĩ th e  PTL —colipase 
s tru c tu res , a suríace loop covers the active site and  pre- 
vents substra ie  from  cn te rin g  the active site. In the other 
PTL—colipase s tru c tu re , the “lid ” has m oved  into a [)£<- 
sítion  tha t opens and  configures the active site and, 
toge ther w ith  colipase, p resen ts  a large hydrophobic 
surlace thai serves as the  lip id  b in d in g  site.

S ee  A lso  th e  F o llo w in g  A r t ic le s

Am ylase •  Fat D igestion  and A b sorption  •  Pancrealic Diges- 
tive Enzym cs •  Pancrcaúc Enzym e S ecretion  (P hysío logy) •  
Trypsin
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pancreatic cystic neoplasms P ancrea iic  tu m ors that arise  
from  p aren ch ym al c e lls  an d  o íten  form  cy stic  sh a p e s  
s e e n  in  im a g in g  stu d ies. 

pseudocyst A n o n -e p ith e lia l- lin e d  c o lle c t io n  o f  p an creatic  
se cre tio n s .

The vast m ajority  o f pancreatic  tum ors are adenoearcino- 
mas arising  írom the ductal epithelium . Pancreatic tum ors 
o ther than  ductal adenocarcinom a are rare and can be 
broadly  classiíìed as cystic versus solid  lesỉons. The pri- 
m ary cystic neoplasm s o f  the pancreas rep resen t the ma- 
jo rity  o f these tum ors; o th e r rare solid  tum ors are 
occasionally seen.

IN T R O D U C T IO N  A N D  C L A SSIF IC A T IO N

L esions arising  from  w ith in  the  p ancreas can  generally  
be classified as e ith e r  cystic o r  solid  and  as b en ig n  o r 
m alignan t. H ow ever, the d is tin c tio n  betw een  ben ign  
and m a lig n am  neop lasm s can be difficult to  m ake 
and  several tu m o rs rep re se n i a sp ec tru m  of disease 
w ith  an  in d is tin c t tran s itio n  p o in t írom  benign  to  m a- 
lignan t. T he m o st com raon ly  en co u n te red  m asses in  the  
p an creas are n o t tu m o rs o r cysls b u t co llec tions of íluid 
w ith  a íìb ro u s  w all, te rm eđ  pseudocysts. P ancreatic  ad- 
en o carc in o m a rep resen ts  the m ost GOm m oII neoplasm  
of the  p ancreas , acco u n tin g  fơr p erhaps 9 0 —95%  o f tu - 
m ors. T h e  o th e r tum ors  are all co n sid ered  rare and  can 
bc classified  based  on  ap pearance  as cystic o r so lid  (see 
Table ỉ). T he solícl tu m o rs inc lude n o n en d o c rin e  tu- 
m ors, m etas ta tic  cancers, an d  en d o c rin e  tum ors. T his 
a rtic le  w ill focus o n  the p r im a ry  cystic neop lasm s o f the 
pan c reas w ith  a b rie f d iscussion  of the  asso rtrnen t of 
o th e r  so lid  n o n en d o c rin e  tum ors.

Cvstic Tum ors o f the Pancreas

T he cvstic neop lasm s w ere  first recogn ized  in  1824 
bư t th e ir  classification  has co n tin u ed  to evolve for the 
past 180 years. In itially , cystic  tum ors w ere recogn ized  
acco rd in g  to the sizes o f th e  cysts, being  e ith e r m icro - 
cystic o r  m acrocystic . In 1978, the d is tin c tio n  betw een  
tvvo m a jo r types of cystic neop lasm s w as m ade

TABLE ỉ C lassiíication  o f Pancreatic T um ors

A. C ystic
a. M u cin o ũ s cystic  n eop lasm s

i. M u cin ou s eystadenom a
ii. M u cin ou s cystic  tum or w ith  m odera ie dysplasia

iii. M u cin ou s cystadenocarcinom a
b. Serous cystadenom a
c. Serous cystad en ocarein om a (case reports)
d. Ịntraductal papillarv mucinous tumọr
e. Acinar cell cystadenocarcinom a  
í. C ystic choriocarcinom a

g. C ystic teratom a
h. C ystic islet. ce ll tum or
i. C ytic n ecrosis o f adenocarcin om a/lym p h om a  
j. Papillary cystic  ep ithélia l n eop lasm
k. A n gim atou s n eop lasm s  

ỉ. A ngiom a  
li. L ym phangiom a  

iii. H em an g ỉoen d o ih eliom a

B. Solicl
a. D uctal adenocarcinom a
b. Pancrcatic lym ph om a (prim ary vs system ic)
c. A d en osq u am ou s carcinom a
d. G iant ce ll carcinom a (sarcom ato id  or osteoclast-lik e  

carcinom a)
e. Acinar ce ll carcinom a
f. P ancreaticoblastom a

ac co rd in g  to  th e  n a tu re  o f the  cyst co n ten ts : se rous 
v e rsu s  m u c in o u s . A few years la te r in  1982, th e  th ird  
m a jo r tu m o r  in  th is  class w as d iscovered . H ow ever, the 
te rm in o lo g y  varied  co n s id erab ỉy  an d  n o t u n til  the  la te 
1990s w as the  te rm  in tra d u c ta l p ap illa ry  m u c in o u s  
tu m o r (IPM T ) w idely  accep ted .

T h e  lis t o f  cystic  tu m o rs  w ith in  th e  p an c reas  is large 
b u t  m o re  th a n  90%  of these  tu m o rs  a re  co m p o sed  of 
m u c in o u s  cystic n eo p lasm s, se ro u s  cy s tad en o m as, and  
IPM Ts. T he re m a in d e r are  ex ceed in g ly  ra re  and  lim ited  
in fo rm a tio n  is availab le  reg a rd in g  th e ir  n a tu re . T hese 
tu m o rs  h a  ve m an y  sim ila r fea tu res in  age o f onse t, clin- 
ical p re se n ta tio n , an d  trea tm e n t; how ever, p ro g n o sis  
v aries con sid erab ly . T he m o st im p o r ta n t d iffe ren tia l d i- 
agnosis  to c o n s id e r  w ith  all cystic tu m o rs  is the  vạstly  
m o re  co m m o n  p se u d o cy s t for w h ich  d e ta iled  h is to rica l



in ío rm a tio n  regarcỉing p an c rea tiũ s  o r abdom inal 
traum a is p aram o u n t. O th e r  íind ings to suggest p seudo- 
cyst ra th e r  th an  cystic tu m o r in c lu d e  lack  o f sep tations, 
locu lations, so lid  co m p o n en ts , o r  ca lc iíications on 
co m p u ted  tom ography  (C T ) o r any  com m unication  
b etw een  the cyst and  ducta l system  on  endoscopic 
re trog rade  cho lang iopancrea tog raphy  (ERCP), P erhaps 
the best d is tingu ish ing  íea tu re  is the am ylase co n ten t of 
the asp ira ted  ílu id , generally  g rea ter than  5000 ĨU/liter.

Mucỉnous Cystic Neoplasms

These tu m o rs rep rese n t a sp ec tru m  o f d isease rang- 
ing  from  presum ably  b en ig n  to clearly  m alignan t w ith 
local invasion and  d is tan t m etastases occasionally  
seen. P reviously  classiíìed as m u cinous cystadenom a 
w ith  variable degrees o f dysplasia versus cystadeno- 
carcinom a, the cu rren ily  íavorecl term  is m u cinous cys- 
tic n eop lasm s (M C N s) due to the difficulty in  accurately  
d iagnosing  these lesions as ben ign  versus m alignant.

T he M CNs are the m ost frequen tỉy  encoun te red  
forra o f  cystic neop lasm  in th e  pancreas, rep resen ting  
4 5 —50%  o f these tum ors. W om en  are m ore com m only  
affected, p erhaps as h igh  as 4 : 1, and the roedian age at 
d iagnosis is 5 0 —55 years. M CNs are usually  com posed  
o f m ultip le  cysts and  range in  size Irom  1  to 26 cm. 
Benign tu m o rs tend  to be sm alle r (5 10 6 cm ), vvhereas 
m alignan t tum ors average 8  to l l c m .  T he m u cinous 
tu m o rs tend  to be “m acrocystic” in  appearance, w ith 
few er cysts and  each cyst g rea ter than  2 cm  in  size. 
Solid com p o n en ts  an d  calciR cations arc occasionally  
found  an d  usually  co n n o te  a m alignan t change. The 
m ajo rity  o f M CNs are found  in  the body  and  tail of 
the p ancreas and  rarely  connect w ith  the ducta l 
system  (5%).

T he m ajo rity  o f p a tien ts  d iagnosed  w ith  M C N s are 
sym ptom atic . C o tn m o n  p resen tin g  sym ptom s in c lu d e  
vague abdom inal pain , b loa ting  o r abdom inal íu llness, 
an d  early  sa ti e ty. A few p a tien ts  are able to feel an  
abdom inal m ass. Ja u n d ice , pancreatitis , and  w eight 
loss are less com m on  to rare. An increasing  percentage 
o f p a tien ts  are asym ptom atic  and  found  to have inci- 
den ta l pancrea tic  m asses a ĩte r  abdom inal im aging  for 
u n re la ted  cond itions. D iagnosis is then  m ade after ab- 
dom inal im ag ing is  o b ta in ed , w ith  u ltra so u n d  (ƯS), CT, 
o r  m agnetic  resonance  im aging. A lthough  M CNs can be 
su spected  based  u p o n  rad io log ic  íind ings, a deíin itive 
d iagnosis requ ires e ith e r  asp ira tion  of cỵst ílu id  o r sur- 
gical resection . Large tu m o rs can be percu taneously  
asp ira ted  safely; how ever, sm alle r tum ors are increas- 
ingly  b eing  samplecl via endoscop ie  us (EƯS). C harac- 
teristỉc an d  d iagnostic  íca tu res o f MCN ílu id  inc ỉude 
h igh  viscosity, positive m u c in  sta in ing , low  am ylase,

positive cytology (in  50% ), an d  m odera te ly  elevate:d 
ca rcinoem bryon ic  an tig en  (CEA ) > 2 0 0 n g /m l.

T he lin ing  o f  M C N s is com posed  o f a m uc in -pno - 
d u cin g  tall co lu m n ar ep ith e iiu m  w ith  a d u c ta l origiìn. 
U p to 75% of cysts have b een  found  to have reg ions »of 
cyst w all d e n u d e d  o f ep ith e liu m , involving o n  average 
40%  of the wall. In  ad d itio n , m u ltip le  rep o rts  o f benigin, 
dysp lastic , an d  m a lig n an t ep ith e liu m  coex isting  w ithiin 
the sam e tu m o r have b een  described . For these rea so as , 
once an  M CN is su sp ec ted , su rg ica l resection  is s tro n g ly  
advised. T his sh o u ld  en ta il e ith e r  a d istal p an c rea tec - 
tom y w ith  sp len ec to m y  o r a p an c rea tico d u o d e n ec to m y  
o r  W hipp le  p ro ced u re . L im ited  enuc leation  is n o t  re>c- 
om m ended . L ong-term  su rv ival is good for p a tien ts  w ith  
resectab le d isease, ran g in g  from  50 to 75%  a t 5 years. 
S tudies of ad ju v an t the rapy  in c lu d in g  c h e m o th e ra p y  
and  rad ia tio n  are ongo ing  an d  thus th e ir  effectiveness 
is n o t íully know n.

Serous Cysladenoma

As opposed  to its  m u c in o u s  co u n te rp art, the se ro u s  
cystic tu m o r re p re se n ts  a m ore  hom ogenous and  p re- 
d ic tab le entity . A lm ost un iversaỉly  ben ign , on ly  six case 
rep o rts  o f m alignan t se ro u s cystadenocarc inom as have 
been  reported .

The serous cys tadenom as are probably  the seco n d  
m ost com m on  cystic tu m o r oí the pancreas, rep resen t- 
in g  16 to 27% o f cystic tu m o rs  in  m ost series. S im ilar to 
M C N s, w om en  are p red o m in an tly  affected, again ap - 
p ro ach in g  4:1 in in c id en ce , an d  age a t cliagnosis is typ- 
ically  the six th  o r  sev en th  d ecade. These tu m o rs can  also 
be a co m p o n en t in 15% of p a tien ts  w ith  V on H ippel- 
L indau  syndrom e. C o n c o m itan t renal, re tinal, o r cere- 
bellar vascular tu m o rs are  u sua lly  found. T he overaỉl 
size o f the se ro u s tu m o rs  is s im ila r to M C N s at 1 to 26 cra 
w ith  an  average o f 6 to 1 0  cm , bu t the in d iv ỉd u al cysts 
tend  to  be m u ch  sm alle r, ran g in g  from  m icrom ete rs 
to  2 cm  in  d iam ete r in  a honeycom b íash ion . The 
p rev iously  d escrip tive  classiíìca tion  o f “m icrocystic” ad- 
enom a is no  lo n g e r used . U n like the M CNs, serous 
tu m o rs often  have ch a rac te ris tic  Rndings on radiologic 
im aging. The vascu lar, fib rous, calciíied connective tis- 
sue  o f the tu m o r creates a Central stellate scar w ith  a 
characteristic  “s u n b u rs t” p a tte rn  on  p la in  film s, CT, or 
angiography . U n íọ rtu n a te ly , th is  p a thognom on ic  find- 
ing  is p resen t in  only 10 to 30%  of tum ors. Som e au tho rs 
believe th a t if it  is p resen t, íu r th e r  d iagnostic  testing, 
su ch  as cys t asp ỉra tio n , is unnecessary . A lthough found 
th ro u g h o u t the glancl, these  tu m o rs  tend  to occu r in  the 
head  o f the p an creas n io re  com m only  th an  MCNs.

Às w ith  M C N s, the m ajo rity  of p a tien ts  diagnosed 
w ith  se ro u s lu m o rs are sym ptom atic  at p resen ta tion .



Sym piom s arc generally  re la ted  to m ass effect and  in- 
clude ab d o m in a l pain , fu llness, an d  the  íeeling  o f a m ass 
in up  to 33% of patien ts. B iliary o r  p an c rea tic  obstruc- 
tion  resu ltin g  in  ja u n d ice , ch o lan g itis , o r p an c rea titis  is 
unusual. W eigh t loss m ay be p re se n t, p robab ly  rela ted  
to  early  sa tie ty  ra th e r  th an  to  an o re x ia  as is com m on ly  
found w ith  m alignancy . T he p ro p o rtio n  o íp a tie n ts  w ho 
are asym ptom atic  at d iag n o sis  w ill like ly  co n tin u e  to 
inorease w ith  the rising  use o f ab d o m in a l im aging  m o- 
dalities for various com pla in ts . As w ith  M C N s, deíĩn i- 
tive d iagnosis o f se rous cy s tad e n o m as u sually  requ ires 
add itiona l te sting  after in itia l rad io g rap h ic  stud ies  re- 
veal a cystic m ass. A sp ira tỉon  o f  cys t ílu id  is he lp fu l b u t 
m ay be m ore  difficu.lt dưe to  sm a lle r  sizes o f the ind i- 
v idual cysts. T h e  ílu id  can  u su a lly  be  d is tin g u ish ed  from  
M C N s o r p seudocysts  by íìn d in g  low  viscosity , negative 
m uc in  s ta in in g , low  CEA <  5 n g /m l, low  am ylase, and  
a un ique  ch a rac te ris tic  o f p o sitiv e  PAS (p erio d ic  acid- 
S chiíO -sta in ing  cells on  cy to log ic  analvsis due to the 
ab u n d a n t g lycogen. PA S-positive ce lls are rep o rted  in  
ap p ro x iin a te ly  h a lf o f cases a n d  if p resen t, s trong ly  
sư p p o rt the  diagnosis.

T he ep ith e liu m  of se ro u s  cy s tad en o m as is com p o sed  
oí g lycogen-rich  low  cubo ida l cells. N o m u c in  is p ro - 
duced . ư n lik e  the  M C N s, th e  p ro g e n ito r  cell is believed 
to  be the  c e n tro ac in a r  cell as o p p o se d  to  ducta l ep ithe lia l 
cells. T he p ro b lem  of ĩreq u e n tly  coex isting  ben ig n  an d  
dysp lastic  cells has no t b ee n  re p o rte d  for se ro u s tum ors. 
D ue to  the m ore  ben ig n  n a tu re  o f these  tu m o rs, p a tien t 
m an ag em en t 'includes m ore o p tio n s . P atien ts w ho  are 
ek lerly  or o therw ise  p o o r su rg ica l cand ida tes  an d  
asym ptom atic  p a tien ts  m ay be sa íely  follow ed w ith  su r- 
vcillance im aging . ìf  the lesion  co n tin u es  to grow  or 
sym ptom s deve lop  or w o rsen , th e n  surg ical re íe rra l 
can  be rec o n sid ered . M ost a u th o rs  agree th a t y oung  
pa tien ts  o r sv m p to m atic  p a tie n ts  sh o u ld  u n d erg o  com - 
ple te  re se c tio n  w ith  e ith e r  a d is ta l p an c rea tec to m y  o r  a 
whipple p ro c e d u re  to  e lim in a te  th e  chance of m alig- 
n a n t d eg e n e ra tio n  as well as p o te n tia l com plications, 
sư ch  as h e m o rrh ag e  o r o b s tru c tio n . L ong-term  survivai 
is excellen t.

Intraductữỉ Papillary Mucinous Tumor

In the early  1980s, a new  su b se t of the m u c in o u s  
cystic tu m o r  w as n o te d  th a t te n d ed  to involve the d u c ta l 
System ca u sin g  d u cta l d ila tio n  as w ell as acu te  and  
ch ro n ic  p an c rea titis . V arious n a ra es  w ere given to de- 
scribe  th is  su b se t o f tu m o rs , su c h  as m u c in o u s  ducta l 
ec tasia, m u c in -h y p e rsec re tin g  tu m o r, m u c in o u s  v illous 
ad en o m ato s is , an d  d u c tec ta tic  m u c in o u s  cystadenom a, 
to  nam e a few. By the m id -1 9 9 0 s , th e  con sen su s w as for 
in tra d u c ta l pap illa ry  m u c in o u s  tu m o r  (IPM T). S im ilar 
to M C N s, IPM Ts en co m p ass a sp e c tru m  of d isease from

e n tire ly  ben ig n  to írank ly  m alignan t w ith  m any in ter- 
m e d ia tes  in betw een . A pprox im ateỉv  40%  of tu m o rs are 
m a lig n a n t at tim e o f p re sen taũ o n .

IPM Ts are less co m m o n  than  M C N s, b u t are sim ilar 
in  in c id en ce  to se ro u s  tu m o rs, rep rese n tin g  the th ird  
m o s t co m m o n  cystic tu m o r of the  p ancreas (som e au- 
th o r itie s  lis t IPM T as the second  m ost com m on  type). 
T he in c id en ce  has risen  over the past decade , likely  due 
to in c reasin g  re c o g n iù o n  of th is d is tin c t tu m o r type as 
w eỉl as im p ro v ed  rad io g rap h ic  techn iques. ư n lik e  bo th  
M C N s an d  se ro u s  tu m o rs, m ales are m ore com m only  
affec ted  w ith  IPM Ts. Age of onse t is u sua lly  over 60 
years. T he g ross a n d  h isto log ic  íìnd ings are d is tin c t 
from  th e  o th e r  cystic tu m o rs  in  th a t the re  is a pap illa ry  
g ro w th  o f tu m o r w ith in  the m ain  o r secondary  pancre- 
a tic  d u c ts , g iv ing  rise to m ain  d u c t o r b ran c h  d u c t types. 
T h e  d u c ts  then  becom e o b stru c ted  an d  su bsequen tly  
d ila ted , g iv ing the  ap p earan ce  o f a cystic tum or. 
“M u c in  lakes” havc b een  d escribed  in  the su rro u n d in g  
p a n c reas  an d  one series rep o rted  2 0 % to have concom - 
ita n t lesions s im ila r to  M C N s, typically  in  the  head  of the 
pan c reas . T hese like ly  rep resen t the b ran c h  d u c t type 
w ith  cystic d iìa tio n s . T he o th e r  ch arac teris tic  finding, 
u sua lly  seen  at ERCP, is p ro tru s io n  o f th e  m ajo r an d /o r 
m in o r pap illae  in to  the  d u o d e n u m  w ith  ex tru s io n  of 
c o p io u s  a m o u n ts  o f  m ucin .

As w ith  the  o th e r  cystic tu m o rs o f the pancreas , the 
m a jo rity  o f p a tien ts  w ith  IPM T are sy m p to m atic  at di- 
agnosis. U n like  o th e r  cystic tu m o rs, p a tien ts  w ith  IPM T 
íreq u e n tly  suffer from  re c u rre n t acu te  p an c rea tilis  o r 
c h ro n ic  p an c rea tilis  w ith  ep isodic o r ch ro n ic  abdom inal 
pa in  an d  sy m p to m s re la ted  to o b stru c tio n  of the bile 
d u cts , p an c rea tic  ducts , o r sm all bow el. W eigh t loss, 
s te a to rrh ea , an d  d iab e te s  are n o t u n co m m o n . E levations 
o f am ylase o r lipase  are found  in  u p  to  h a lf  o f p a tien ts  at 
p re se n ta tio n . T he tu m o r m ark e rs  CEA an d  C A I9-9 are 
e lev a ted  in  ap p ro x im ate ly  10 to  15% b u t are n o t felt 
to  b e  usefu l in  d iagnosis  d u e  to the low  speciíicity . 
D iagnosis u su a lly  req u ires  advanced  end o sco p ic  tech- 
n iq u e s  such  as ERCP and  EUS w ith  fine-needle aspira- 
tion . C h arac te ris tic  find ings inc lude  a p a tu lo u s  am pu lìa  
w ith  m u c u s  em an a tin g  from  a d ila ted  o riíìce, cystic di- 
la tio n  o f  the m ain  an d  secondary  d u cts , íìlling deĩects 
w ith in  the d u cts , an d  p ancrea tic  p a ren ch y m al a trophy . 
S tric tu res  are no tab ly  absen t. ERCP also allow s for col- 
lec tio n  of d u c ta l sec re tio n s and ío rceps b iopsy  for pa- 
th o logy  an d  cy tology. Eưs is p a rticu la rly  h e lp íu l in 
d is tin g u ish in g  th is  tu m o r from  ch ro n ic  pancrea titis , 
w h ich  can  have a sim ila r appearance. T hese p ro ced u res  
a re  im p o r ta n t for o u tlin in g  the ex ten t o f d isease to p lan  
for su rg ica l resec tio n .

T h e  e p ith e liu m  of the IPM Ts is com posed  of tall 
co lu m n a r  m u c in -p ro d u c in g  cells, s im ilar to M CNs.



T hese cells te n d  to fo rm  p ap illa ry  p rọ ịec tio n s , w h ich  
can  also be seen  in M C N s. T he ep ith e liu m  íreq u e n d y  
u n d erg o e s  h y p erp la s tic , dysp lastic , a n d  ca rc in o m ato u s  
changes. Local invasion  is n o t u n co m m o n . T he d isease 
typ ically  beg ins in  the head  of the  p an c reas  w ith  slow  
sp rea d  th ro u g h o u t the g land . D ue to the h ig h  like lihood  
o f R nding m a lig n an t d isease at d iagnosis 01' on  folỉow - 
u p , co m p le te  rese-ction is s tro n g ly  rec o m m en d e d  for all 
su rg ica l can d id a tes  w ith o u t ev idence o f local o r  m eta- 
sta tic  sp read . T h is  typ ically  req u ire s  a p an c rea tico đ u o - 
d en ecto m v , d ista l p an c rea tec to m y  w ith  sp len ec to m y , o r 
to ta l pan c rea tec to m v . T he use of in tra o p e ra tiv e  frozen 
sections to o u tlin e  the  ex te rn  of m alignancy  is essen tia l 
for cu ra tive  resections. T he survival for p a tie n ts  w ith  
cư ra tive  resec tio n s is good , w ith  es tim a tes  o f 60 to 80% 
at. 5 years. P a tien ts  w ith  u n resẹc tab le  d isease  have ou l- 
com es s im ila r to those  for p an c rea tic  ad en o ca rc in o m a .

Other Cystic Lesions

T he vast m ajo rity  o f cyst-like lesions w ith in  the  pan- 
creas are  no l tru e  cysts o r tu m o rs  b u t ac tua lly  p seudo- 
cysts. T hese  are co llec tio n s o f p an c rea lic  secre tio n s 
re la ted  to  d u c ta l d is ru p tio n  a íte r acu te  p an c rea titis  or 
p an c rea tic  traum a.

O th e r  cysts w ith in  the  p an c reas are exceed ing ly  
rare. T hese can be cìassiíìecl as co n g e n ita l/in h e rite d , 
in fec tious, an d  neop ìastic . T he co n g e n ita l/in h e rite d  
le sio n s in c lu d e  sim ple  cysts, po lycystic  d isease (w ith  
o r  w ith o u t k id n ey  in v o ỉv em en t), V on H ippel-L indau  
d isease , d e rm o id  cysts, and  m acro cy sts  se co n d a ry  to 
cystic  íìb rosis . in íe c tio n s  w ith  p a ra site s  su ch  as 
Echinococcus granuỉosis a n d  Taenia sơlium  can  aỉso 
p ro d u ce  cystic le s ions w ith in  the p an creas . O th e r  neo- 
p lastic  cystic lesions in  a d d itio n  to th e  th ree  m ost 
c o m m o n  ones describ ed  above in c lu d e  ac inar cell 
c y s ta d e n o c a rđ n o m a , cystic ch o rio c a rc in o m a , cystic 
te ra to m a , cystic islet cell tư m o rs /ac in ar  cell cy stadeno - 
c a rc in o m a (u su ally  n o n íu n c tio n in g ) , cystic  n ec ro sis  of 
ad e n o ca rc in o m a o r  ly m p h o m a, p ap illa ry  cystic epi- 
t h e l i a l  n e o p l a s m s ,  a n d  a n g i o m a t o u s  l e s i o n s ,  s u c h  a s  

ang iom as, lym p h an g io m as, an d  h e m a n g io e n d o th e lio  
m as. T hese tu m o rs  arc  describ ed  in  the li te ra tu re  w ith  
case rep o rts , an d  on ly  m in im al deta ils  reg a rd in g  the ir 
clin ical b eh a v io r  are k n o w n .

Solid  Tum ors o f the Pancreas

T h o u g h  the o v erw h elm in g  m a jo rity  o f  so lid  tu m o rs  
in the p an c reas are ad en o ca rc in o m as, a few o th e r  tvp.es 
o f tu m o rs  are k n ow n  lo o cc u r and  w ill be d esc rib ed  here.

L vm phom as can involve the p an c reas  in  up  to  one- 
th ird  of pa tien ts . H ow ever, p rim arv  ly m p h o m a o í the 
p an c reas  is a rare tu m o r, a c co u n tin g  for less th an  1%

o f all ex tran o d al n o n -H odgk in  s Ivm phom as a n d  on ly  
0.3%  of pancreatic  tum ors. A bdom inal p a in  a n d  
w eight loss are com m on  co tnp la in ts  at p re se n ta tio n . 
L actate dehvdrogenase  m ay bc elevated. D ue to th e  
large size a tta ined  by these tum ors, a p a lp ab le  m ass 
can be felt in  over half of patients. Ja u n d ice  m ay be 
found  in  one-th ird . P ancreatitis  is u n co m m o n . T hese 
tum ors  are Ẹrequently m isd iagnosed  as ad e n o ca rc i-  
nom a p rio r  to surgery . A clue to the d iag n o sis  m ay 
be an  un u su a lly  large so lid  tum or. T herapy  co n sis ts  o f 
com bination  ch em o th erap y  and  rad ia tion  b u t su rv ival 
is poor.

Two varian ts o í ductal ad en o carc in o m a in c lu d e  
adenosquam ous carcinom a and  g iant cell ca rc in o m a 
of the pancreas . Both arise from the d u c ta l cell. 
A denosquam ous cancers have a tran s itio n  p o in t to 
squam ous ep ithelium . They tend to  be hypervascu lar. 
The g ian t c-ell carc inom a is also know n as sa rco m ato id  
and  several sub types have been described . O f note, 
these tum ors tend to sp read  hem atogenously  and 
gcnerate  d is tan t m etastases un like ad en o carc in o m a. 
O verall, the clínical p resen ta tio n , re sp o n se  to 
therapy , and  p rognosis are very sim ilar to  those  for 
adenocarc inom as.

A cinar cell carc inom as ha ve also been  described . 
These m alignant tu m o rs arising  from  the e n d o c rin e  por- 
tion  of thc pancreas can p resen t as cystic o r  so lid  tu- 
m ors. M ost are n o n íu n c tio n in g  and  are d iscovered  
inc iden ta lly  or due to rnass effecl. Serurn lipase lcvels 
m ay be elevated  and  periphera l fat n ec ro sis  may 
be noted .

P ancreaticob lastom a is a rare tu m o r u su a lly  found  in 
ch ild ren  at a m ean age o f 4 years. G irls are affected m ore 
o íten  than  boys. Rare cases can p resen t in adu lthood . 
The tum ors tend  to be large at the tim e of p resen ta tio n  
and  sym ptom s of pain  or fullness are re la ted  10 mass 
effect. D istant m etastases can develop. T reatm er.t 
involves w ide excision.

S ee  A lso  th e  F o llo w in g  A r t ic le s

Pancreatic Ductal A denoearcinom a •  Pancreatic P seudocysis
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Pancreatitis, Acute
M ic h a e i. L. St e e r

Tũ/ís U ĩiiversi tỵ  o f  M cd ỉc ine  a n d  T u j is  — N c w  E n g ỉơ n d  M cd ica l  C e n tc r

computed tomography scan Racliographic technique allovv- 
ing visualizaiion bv Com pute r  reconstruction of a plane 
or section through the body. 

endoscopic retrograde cholangiopancreatography Proce- 
d u re  w h ereb y  th e  p an creatic  d u c ts  arc v isu a liz e d  by  
endoscopic inịection of comrast media. 

pancreatic p seu d ocyst N on-ep ithelia l-lined collecticm  of 
pancreatic secretions. 

p a n c r e a t it is  In íla m m a to ry  clisease o í ih e  pancreas. 
serum  am ylase Pancreatíc am ylase in the serum; scrvés as a 

m a r k e r  o f  a c in a r  c e l l  d a m a g e , i .e . ,  p a n c r e a t it is .  

trypsin activation peptide Pari of the molecule cleaveđ from 
trypsinogen to ac ti va te trvpsin. 

z y in ogen s Proteolytic proenzym es thai exist in cells  as an 
inactive precụrsor; pancrcatic zym ogen s are norm ally  
activaied by cleavage in the gut lumen.

Pancreatitis is an in ílam m atory  d isease of the pancreas. In 
clinical term s, acu te pancreatitis  usually  develops rap id ly  
and w ith o u t a p rio r h isto ry  of repeated  pancreatitis at- 
tacks. ĩn  con trast, ch ron ic pancreatitis may be character- 
ized by sym ptom s tha t slowly develop and a h isto ry  of 
m u ltip le  prcvious pancrcatitis attacks. Pathologically, 
acute pancreatitis is dcíined as pancreatitis that occurs 
in a previously  hea lthy  gland and that, after the acute 
attack  resolves, leaves a pancreas that may be bo th  mor- 
phologicalỉy  and íunctỉonally  norm al. In con trast, the 
gland is usually  abnorm al before an attack  o f chronic 
p ancrea titis  becom es clinically apparen t. T hat p reex isting  
abnorm ality  usualỉy  involves diffusc fibrosis o f the gland 
w ith  loss o f both  exocrine and  endocrine elem ents, and 
those changes pers is t everi after the attack  o f chronic 
pancreatitis  has resolved.

PATHOLOGY

An a tta c k  o f  acu te  p a n c rea titis  m ay bc e ith e r  m ild  o r 
severe. P atho log ica l changes o f m ild  acu te  p an c rea titis  
in c lu d e  edem a, p e r ip a n c re a tic  fat necrosis , an d  a m ild  
in tra p a n c re a tic  in ílam m ato ry  reac tio n . In  co n tra s t, se- 
vere p an c re a titis  is p a th o lo g ica lly  c h a rac te r ize d  by  vary- 
in g  d eg rees o f  p a re n ch y m a l nec ro sis  a lo n g  w ith  a severe 
in tra p a n c re a tic  in ílam m ato ry  reac tio n . In tra p an c re a tíc  
h em o rrh ag e  as w ell as b o th  in tra p a n c re a tic  a n d  peri- 
p an c rea tic  ílu id  co llec tio n s  can be seen  in  severe pan- 
c re a titis  a lo n g  w ith  ex tensive  p e rip a n c re a tic  fat 
n ecrosis .

ETIOLOGY

A cute p an c re a titis  typ ically  o cc u rs  as a co n seq u e n ce  of 
som e o th e r  p rocess; co llcc tive ly , th o se  p ro cesses  are 
re fe rred  to as th e  “e tio log ies” o f  acu te  p an c rea titis . In 
d ev e lo p ed  co u n trie s , rỏ u g h ly  80%  o f p a tie n ts  w ith  acu te  
p a n c rea titis  d ev e lo p  th e ir  d lsease  as a re su lt o f e ith e r  
b iliary  tra c t s to n e  d isease o r as a re su lt  o f  p ro lo n g e d  and  
excessive ab u se  o f e th a n o l. In  any  p a r tic u la r  p o p u la tio n , 
th e  d is tr ib u tio n  b e tw e en  these tw o cau ses  is re la ted  to 
th e  in c id en c e  o f th o se  in c itin g  even ts  in  th a t p o p u la - 
tio n — i.e ., in  in n e r  City p o p u la tío n s , e th a n o l abuse  is the  
m o st c o m m o n  cause , w h ereas  in  m o re  a ffluen t su b u rb a n  
g ro u p s , b ilia rỵ  trac t s to n es a c c o u n t for m o st cases of 
p an c rea titis . A n u m b e r  o f d ru g s  can  also  cause pan- 
c re a titis  (see Table I). D u o d en a l o r  p an c rea tic  tu m o rs  
as w ell as o th e r  lesions ca u sin g  p an c rea tic  d u c t



TABLE i D ru gs T hat M ay C a u se  A c u le  P a n creatitis

D eíin ite  cau ses Probable ca u sc s E quivocal cau ses

Purosevnidc L-Asparagina.se Rifampin
Valproic acid Phcnform in H2 hlockers
A zathioprine A cetom inophen lsoniazid
6-M ercapiopurinc Procainam ide Sleroids
Melhyl-DOPA ch lo rth a lid o n e A cetam inophen
Tetracycline Erythrom ycin Propoxyphenc
Ethycrynic acid latrogcnic
Sulfonamides hypercalcem ia
M etroniđazole
5-Am ínosalicylatc
Pentam idinc
Bstrogens
Dideoxyinosìnc
Thiazides

o b stru c tio n  (e.g., d u o d en a l C ro h n s  d isease , du o d en a l 
ulcers, o r periam pu lla ry  đ iverticu litis) can also prec ip - 
itate an a ttack  of acu te  p an c rea tiú s . Som e p a tien ts  have 
acu te  p an c rea tilis  o n  a hered ita ry  basis. Recent s tu d ies  
have iden tiíied  a n u n ib e r  o f genetic  m u ta tio n s  tha t are 
associa ied  w ith  p an crea titis  in tliose ind iv iduals. In 
som e people, ihe m u ta tio n  resu lts  in an ab n o rm a l cat- 
ion ic  trypsinogen  ihat, once activated , m ay be resistan l 
to inacúva tion  by trypsin  in h ib ito rs  in the  pancreas. In 
o th e r  ind iv iduals , h e red ita ry  p an c rea tiú s  m ay be due  to 
g en eú c  deíec ts  th a i resu lt in p ro d u c tio n  o f ineffective 
trypsin  in h ib ito rs  in the pancrcas. P an creaú tis  can 
also be Iriggered by a n u m b e r  of m isce llaneous 
events, inc lud ing  h y p erlip idem ia , shock , h y p o th e rm ia , 
traum a, sco rp io n  b ites, and  end o sco p ic  re lro g rad e  
ch o lan g io p an crea to g rap h y  (ER CP). T he an a to m ic  var- 
ian t pancreas d iv isum  has also been  associa ted  w ith  
ep isodes of pancrea titis , b u t w h e th e r  it sh o u ld  be con- 
side red  a cause of acu te  p an c rea tilis  is a con troversia l 
issue. R oughly 15% of pa tien ts  develop  pan c rea titis  for 
no  identifiab le reason . In those  cases, the p an c reaú tis  is 
considered  to be “iđ io p a th ic .” R ecent rep o rts  have 
suggested  tha t m any  of those  pa tien ts  w ith  id io p a th ic  
pan crea titis  ac tually  have p an c rea titis  as a re s u lt  oi over- 
looked  b iliary  trac t disease (m ic ro lith iasis), an au to im - 
m u n e  process, o r cystic íĩbrosis.

T he m echan ism s by w h ich  a b iliary  trac t s tone 
m ight trigger acu te  p an c rea titis  have been the su b jec t 
o f considerab le  stu d y  and  specu la tion . O pie suggested  
in 1901 Chat a stone  m ight m igra te  in to  o r th ro u g h  the 
term inal b iliopancrea tic  ducta l svstem , causing  ob- 
stru c tio n  and  creating , b eh ind  tha t o b s tru cũ o n , a 
com m on  b ile —p an crea tic  channel that vvould perm it 
bí le to reílux , re trogradely , in to  the p an crea tic  duct.

M ore recen t stud ies, how ever, have in d ic a ted  thíat 
stone-induced  obstruction  of the pancreatic duct, r a th e r  
than  retlux  of bile into the pancreatic duct, is the e v e n t 
tha t p robab ly  triggers acute pancreatitis . P resum abhỵ, 
the  stone , or in flam m ation  caused by passage of a 
stone , causes o b stru c tio n  of the  distal d u c i, an d  corn- 
tin u ed  secretion  above th a t obstru c tio n  leads to pari-  
c reaúc  d u cta l hypertension . By m echan ism s th a i hav'e 
n o t been  defined , pancreatic  ductal h y p e rte n s io n  th e n  
causes changes w ith in  pancreatic  ac inar cells tha t re -  
su lt in  ac ina r cell in ju ry  and p an crea titis  (see below  ).

The m echan ism s by vvhich e thano l abuse m ig h t 
cause acu te  p an crea titis  arc no t know n w ith  ce r ta in tv , 
b u t it is generally  believed ihat ethanol o r one of iits 
m etabo lite s triggers p ancreatitis  by ex e rú n g  a d ire c t 
toxic effect 011 the pancreas, rnuch li ke a drug . E x p er-  
im en ta l ev idence to su p p o rt this hvpo thesis is, hovveveir, 
lim itcd . The ch ro n ic  pancreatitis that is associa led  wii h 
p ro lo n g ed  and excessive ethanol abuse m ay re ílec t 
changes resu lting  from  repeated  subclin ical ep iso d es 
oí acu te e th an o l-in d u ced  pancreatitis.

PA TH O PH Y SIO LO G Y

The earlies t changes of acute pancrea titis  ap p ear to  
o ccu r w ith in  p an crea tic  acinar cells, and  p erh ap s th e  
earliest o f those  changes involves in tra ac in a r  cell actn- 
v ation  o f d igestive enzym e zym ogens. T he pan c rea tic  
ac ina r cell svn thesizes and secretes a large n u m b c r an d  
am o u n l of d igestive enzym es, and  those enzym es play a 
critical ro le  in d igeslion . U nder no rm al co n d ilio n s, th e  
p o tc n tia lly  harm fu ĩ digestive enzynies are syn thesized  
and  secre ted  as inactive p roenzym es o r zym ogens, 
w h ich  becom e activated  only after they traverse the  
p an c rea tic  ducta l system  and en ter the d u o d en u m . 
T herc, the  b ru sh  b o rd er enzym e en terok inase  (en te ro - 
p ep tid ase) catalyzes the activation of trypsinogen  and  
try p sin  ac tiva tes the o ther zym ogens, in c lu d in g  chym o- 
tryp sin o g en , p roelastase , and the p rocarboxy - 
pep tidases. D uring  the earlíest stages of p an c rea titis , 
ac tiva tion  of digestive enzym e zym ogens, in c lu d in g  
trvp sin o g en , occurs w ith in  acinar cells. T he m echa- 
n ism s resp o n sib le  for tha t in traac in ar cell ac tiva tion  
o f trypsinogen  are no t entirely  clear, b u t one w idely 
accep ied  h y p o th esis  suggests thai it is ca ta lyzed  by lv- 
sosom al hvd ro lases such  as ca thepsin  B an d  tha t the 
ac tiva tion  occu rs  because lysosom al hydro lases and di- 
gestive enzvm es becom e co!ocalizeci vvithin m em brane- 
b o u n d e d  in trace llu la r organellcs d u rin g  the verv early  
stages o f p ancreatitis . P resum ably, in iraac inar cell 
zym ogen  ac tiv aú o n  leads lo acinar cell irýurv and 
tha t in ju ry  then  lcads to pancreatitis.



C L IN IC A L  PR E SE N T A T IO N  

Sym ptom s

The classical svm p to m s of acute p an c rea titis  are ab- 
dom ina l pain , naụsea , a n d  vọm itỉng . T he pain  is u su a lly  
experienced  in  the u p p e r  abdom cn  and  u su a llv  rad ia tes  
stra igh t th ro u g h  to the  back. It is u sua lly  eo n s tam  and  
gradualìy  increases in severity . It m ay be re lieved  by 
SÍ1 ùng  u p ríg h t a n d /o r  lean ing  forvvard. N ausea and  v om - 
iting  usually  follow  the  onset of p ain  b u t th e  p a in  is n o t 
reỉieved even by rep ea ted  episocles o f vom iting . F ever is 
com m on bu t rigors, w h en  they occu r, sh o u ld  suggesl 
tha t b iliary  o b stru c tio n  an d  cho lang itis  a re also  p resen t. 
C lin ical jaunclice can  be p resen t e ith e r  as a resu lt o f 
biliary trac t o b s tru c tio n  or as a resu lt o f  ch o lestasis  
caused  bv pancreatitis .

Physical Examination

A cute p an c rea titis  is u sually  assoc ia tcd  w ith  d ií- 
fuse abdom inal ten d ern ess , an d  b o th  v o lu n ta ry  an d  in - 
v o lu n ta ry  gu ard in g  are typically n o te d  on  physical 
exam ination . An ab d o m in al m ass, p a rticu la rly  in the 
u p p e r abdom en , can som etim es be íelt. T he p a tien t is 
Írrq u en tly  descrìbed  as “w rith in g  a b o u t” o n  the  s tre tc h e r  
in search  of a p o sitio n  o f com íort. Phvsical changes 
ind icative  of severe d eh y d ra tio n  m ay be p re se n t e ith e r  
as the resu lt o f rep ea ted  vơ mi ti ng  o r  because  o f loss o f 
ílu id  in to  the ex travascu ìa r spaces. T achycard ia , fever, 
taehypnea, and  h y p o ten s io n  are com m only  seen  vvhen 
p an c rea titis is  severe. W h e n  re tro p erito n ea l h em orrhage  
h as  occurred , ecchym oses in the ílank (G rey—T u rn e r 
sign) o r  perium bilically  (C u llen ’5 sign) m ay be observed. 
Jau n d ice  is n ó t u n co m m o n , b u t d u rin g  the early  stages o f 
pancrea titis , the jau n d ice  is usually  m ild .

B lo o d  T e s ts

R outine b lood  tests usua lly  réveaì an  e leva ted  
w 1iite  b lood  cell c o u n t and  a so-called  sh iít to the le ít

m an iíe sled  by an  inc rease  p rím arilv  in n cu tro p h ils . T he 
h em ato c rit is usuallv  e leva ted  as a resu lt of riuicl loss, 
e iih e r  ex te rn a lly  as th e  r e su lt oi v o m itin g  o r in te rn a ỉlv  as 
a re su lt  o f fluid sh ifts to th e  ex trav ascu la r co m p artm en t. 
M easu rem en t o f se ru m  e lec tro ly tes  in the fo rm er case 
usua lly  reveals changes in d i ca ti ve o f a h y p o ch lo rem ic  
a lkạlo sis  w h ereas  se ru m  e lec tro ly tes  m ay be n o rm al in 
sp ite  o f severe d eh y d ra tio n  if m ost o f the ílu id  h as  been  
lo st i n to the  ex trav ascu la r space. In e ith e r  case, 
h v p o a lb u m in e m ia  is co m m o n . T he b iliru b in  an d  trans- 
am inases m ay b e  elevated , a n d  the a lk a lin e  p h o sp h a ta se  
m ay be e leva ted  w ith  these  changes d u e  e ith e r  to ex tra- 
h ep a tic  b iliary  o b s tru c tio n  o r  to th e  cho lestasis  o f severe 
illness. P a tien ts  w ith  h y p e rlip id em ia -in d u ce d  pancrea- 
titis  typ ically  have very  h ig h  se ru m  trig lycerides d u r in g  
an  a ttack  an d , n o t in ử e q u e n tly , lac te scen t se ru m  can  be 
seen . T he classical change in  b lo o d  ch em is try  a ssocỉa ted  
w ith  acu te  p an c rea titis  is a  rise  in th e  se ru m  am ylasẹ, 
lipase , o r bo th . T he m ag n itu d e  o f these rises does n o t 
in d ica te  th e  severity  o f th e  a ltac k  an d  a su b stan tia l frac- 
tio n  o f p a tien ts  m ay be e x a m in e d  in  the hosp ita l se ttin g  
afte r these  ch an g es have reso lved  an d  th e ir  am ylase or 
lipase levels have re tu rn e d  to n o rm al. lt  is im p o ria n i lo 
recogn ize  tha t an e leva ted  am ylase can  be no ted  in a 
varie ty  o f d isease  sta te s  o th e r  th an  p an c rea titis  (see 
T able II) an d  th a t a ríse in  se ru m  am ylase is th e re ío re  
n o t necessarily  d iag n o stic  o f p an c reaù tis . S im ilarly , a 
n o rm a l o r n e a r-n o rm a l se ru m  am ylase value does no l 
ex c lu d e  th e  d iagnosis o f ac u te  p an crea titis .

A n u m b e r  o f  o th e r  te s ts  have been  p ro p o sed  ĩo r ihe 
d iagnosis  o f acu te  p an c rea titis . T hese  in c lu d e  m easu re- 
m e n t o f  try p s in o g en  ac tiv a tio n  pepticle (TAP) in b lood  
o r se ru m , m e a su re m e n t o f  se ru m  im m u n o re ac tiv e  tryp- 
s in , m e asu rem en t o í  u r in e  am ylase levels, an d  m easu re- 
m e n t o f the  c lea ran ce  ra tio  o f am ylase to  e rea tin in e . 
ư n ío r tu n a te ly , n o n e  o f  these  tests is w ith o u t íalse pos- 
itives o r  false n egatives an d , a t p re se n t, they w ou ld  
ap p e a r to have little  to  o ffer for the d iagnosis o f acu ie  
pan c rea titis . R ecen t s tu d ie s  have suggested  th a t a

TABLE II C auses o f Elevated Serum  Amylase Activity

Pancreatic causes Intraabdominal nonpancreatic causes Extraabdominal causes

Acute pancreatitis P erĩoraied hollovv v iscus Salivary gland  p athology
Pancreatic asc iles C h olan giús Burns
Pancreaũc trau ma Renal [aiỉure Lung tuinơrs
C hronic pancreatitis M esenteric ischem ia /in íarction D iabetic ketoacid osis
Pancreatic cancer C holecysti tis Pneum onia
E ndoscop ic rẽtrograde R uptuređ ecto p ic  pregnancy

cholangiopancreatography B ow el o b strn cù on
P scudocvsts Ovarta.n cyst
D net obstruction



n u m b e r o f b lood  tests can  be used  to p red ic t the severity  
of p an c rea titis . T hese in c lu d e  m easu rem en t of serum  
in te rleu k in s  (IL-1 an d  1L-6), tu m o r necrosis  íac to r oc 
(T N F a), and  C -reactive p ro te in . C hanges in the levels 
of these e lem en ts are n o t speciRc to  p an c rea titis  and  
these tests sh o u ld  th e re ío re  n o t be u sed  for the d iagnosis 
of pancreatitis .

I m a g in g  S tu d ie s

Plain íilm s o f the abd o m en  u su a lly  reveal an  ileus 
p a tte rn . O ccasíonally , a p ro m ín e n t lo o p  of air-filled  je - 
ju n u m  (sen tin e l loop ) n ea r the pancreas is seen in the 
left u p p e r  q u a d ra n t o f the abdom en , b u t th is  is n o t 
u n ilo rm ly  the case. O n  chest X-ray, p leu ra l effusions 
an d  low er lobe a te lectasis  are com m on. O ccasionally , 
u ltra so u n d  e x a m in a ú o n  of the ab d o m en  m ay be helpful 
in the d iagnosis by rcvealing  p an c rea tic  sw elling  and 
the p rescnce of g a llb lad d er an d /o r b ile d u c t stones. 
H ow ever, u ltra so u n d  ex a m in a tio n  is o ften  in co m p le te  
because the d ila ted . gas-íìlled  bow el loops that are 
p re se n t as the resu lt of p an c rea titis -in d u c ed  ileus m ay 
p rec lu d e  a co m p reh en siv e  u ltra so u n d  exam .

Perhaps the m ost usefu l im aging s tudy  for acu te pan- 
creatitis is the co m p u ted  tom ography  (C T ) scan, partic- 
ularly w hen  it is com bined  w ith  in travenous bo lus 
ad m in istra tio n  o f co n tra s t m aterial. T his exam  usually  
detec ts all b u t the m ildest changes of pancreatitis , includ- 
ing p ancreatic  sw elling, p eripancrea tic  in flam m aúon , the 
p resence o ía cu te  peripancrea tic  íluid co llections, an d  the 
developm ent o f p ancreaúc  necrosis. T he la tter change is 
m anifested  by areas o f n o n -co n tras t-p e rfu sed  pancreatic  
tissue. The co n trast-en h an ced  CT scan can be particu- 
larly  useful by exc lu d in g  o th e r  causes of severe abdom - 
inal pa in  and p erito n itis , inc lud ing  perío rated  viscus and 
ischem ic bowel. The lĩnd ing  o f a no rm al pancreas on  
con trast-enhanced  CT exam ina tion  in  the p resence ol 
clinical changes suggestive o f severe pancreatitis  shou ld  
alert the clinician to the h igh  like lihood  th a i the p a tien t 
does n o t, indeed , have pancreatitis .

P r o g n o s is

Several sc o rin g sv stem s have b ee n  used in an a ttem p t 
to de te rm in e , early  in  the course o f pancreatitis , \vhe ther 
the  a ttack  is m ild  or severe. T hese include the R anson 
svstem  (see Table III), the  G lasgow  system , the CT scor- 
ing  System , and  the A cuie Physiologv and C hron ic  
H ealth  E valuation  (APACHE) sco ring  system . O besity  
has also b een  id en tiíìed  as an in d e p en d e n t risk factor. 
It is also like ly  tha t an experienced  clin ic ian  using  
sim ple  “good  ju d g m e n t"  can also d iscrim inate  betvveen 
m ild  an d  severe p an c rea titis  w ith  sim ilar accuracy. 
P atien ts w ith  severe pancrea titis , for the m ost part, ex- 
p erien ce  a com plex  d isease w ith  secondary  íailure of 
o th e r  o rgans (lungs, k idney , e ic .), w hich often requ ires 
p ro lo n g ed  in tensive care, m ay necessita te  repeated  op- 
e ra tio n s an d  m ay be associa ted  w ith  m orta lity  rates of 
2 0 —40%. O n the o th e r  h an đ , m ild  pan c rea tiú s  is trui)' a 
m ild  d isease w ith  recovery  in several days, little m nr- 
b id iiy , and  neglig ib le m ortality .

T R E A T M E N T  

Initial Treatment

The initial trea tm e n l of acu te  pancreatitis  includes 
the  firm  es tab lish m en t of a d iagnosis. A nu m h er of o ther 
se rio u s p rob lem s, in c lu d in g  p erío ra ted  v iscus, ischem ic 
o r infarcted  bow el, and  bowel o b stru cú o n , can mas- 
qu erad e  as p an crea titis , and  m ak in g  the firm  diagnosis 
o f acu te  p an c rea titis  m ay no t be a trivial m atte r. U sually , 
p a tìen is  p rese n l w ith  classical sym ptom s, physical 
íìnd ings, an d  lab o ra to ry  changes, inc lu d in g  hyperam yl- 
asem ia. An early  CT scan  can be  used to confirm  the 
d iagnosis. H ow ever, w h en  d o u b t persists, a diagnostic 
lap aro to m y , to exc lude  o th e r causes of abdom inal pain, 
m ay be requ ired .

O nce the d iagnosis  o f acu te p ancrea titis  is estab- 
lished , a tte n tio n  sh o u ld  be d irec ted  at relieving pain 
and  p ro v id in g  fluid resu scú a tio n . The pain  of pancrea- 
titis m ay be severe and d ifficuh to contro l. It is generallv

TABLE III R anson’s Signs for the Prognosis of Acute Pancreatitis“

On ad m issio n D uring in itia l 48  hours

Age Over 70 Years
w h ite  blood cell count ovcr 18 ,000/m m '
Blood glueosc ovcr 20 mg/dl
Laciatg dehydrogenasr ovcr 400 ỈU /liicr
Glutamic: aspartate  am inotransíerasc  abovc 250 u /lite r

HeniatĐcrit decrcasc over 10% with rehvdrati )I1 
Blood urea nitrogen rise greatcr than  2 mg/dl 
Serum catcium  bẹkiw  8 m g/dl 
A nerial Dxygen bclow 60 mmHg 
Base d c íitii over 5 mHq/liter 
f  lu id  scquestralìon  ovcr 4 liters

"Adaptcd from Ranson (1979). The toial num bcr o í posilive items correlates \viih inorbidity ạnd imirtality.



b elievéd  thai m e pe ri di ne, ra the r than m orp h in e , is the 
opiate  o f  choice for pain  con tro l in p an c rea tiũ s . F ỉu id  
req u irem en ts , particu la rly  in se v e re  p an c rea titis , can be 
en o rm o u s, and , in m anv  w avs, resem b le  those o f a se- 
vere b u rn . T he h cm ato c rit e leva tion  can  bc used  to es- 
tin iate  the in travascu lar ỉlu id  d e íìc it, an d  th a i deíìcit 
sh o ụ ld  be rep laced  w itlì an  iso to n ic  so lu tio n  co n ta in in g  
a lbu in in . ư su a ĩly , the Standard seru m  e lec tro lv tes  are 
norm al and  ílu ỉd  rep lacem en t can  be ach ieved  w ith  ei- 
th r r  lac ta ied  R in g ers  so lu tio n  o r n o rm al saline. Hvpo- 
calcem ia can be p resen t an d , if io n ized  se ru m  ca lc ium  
levels are  dep ressed , ca lc ium  a d m in is tra tio n  m ay be 
inclicated. H ypom agnesem ia, p a rticu la rly  in  p a ticn ts  
w ith  a h isto ry  o f e th an o l abuse, m ay also  be p resen t 
and  req u ire  trea tm en t.

A dequatẽ  ílu id  resu sc ita tio n  is p e rh a p s  th e  single 
m ost im p o rta n t e lem en t in th e  earlv  trea tm e n t o f severe 
p an c rea titis , an d  there is ev idence th a t in ad eq u a ie  tluicl 
rep le tio n  can m arked ly  vvorsen th e  severitv  o f a pancre- 
a titis  a ttack . P roper a d m in is tra tio n  of ílu id  in  th is  sel- 
tin g  m ay req u ire  p la ce m en t o f a Central v enous o r 
pu lm cm ary  artery  p ressu re  m o n ito r. T h is  is especially  
tru e  in  p a tien ts  w ith  co m o rb id itie s  su c h  as card-iac dis- 
ease a n d  in  those vviih ad u lt re sp ira to ry  d istress 
sy n d ro m e (ARDS), because  o v e rh y d ra tio n  in thcse 
paLients m ay also creaie serious p rob lem s.

P rophy lac tic  an tíb io tics  m ay be h e lp íu l in  the early  
trea lm e n t o f p a iien ts  w ith  severe ac u te  p an crca iitis . Scv- 
eral re p o rts  have in d ica ted  tha t early  ad m in is tra tio n  oí 
b roac l-spectrum  an tib io tics  ihat p e n e tra te  the pancreas 
m ay d ecrease  e ith c r  the  m orta lity  o r th e  m o rb id iiy  ol 
severe p an c rea titis  by red u c in g  the in c id en ce  ot la ter 
se p tic  com plications. T h is is a co n trovers ia l issue, how - 
evcr, because  the  ad m in istra tio n  o f  p ro p h y lac tic  an tib i- 
o tics m ay favor ihe em ergence o f  resis tan t o rgan ism s, 
p a rticu la rly  fim gi, in ihe in ílam ed  p ancreas, ac tua lly  
w o rsen in g  the clin ical course .

P a tien ls  vvith severe p an c rea titis  m ay  suffer írom  a 
p ro lo n g ed  illness, and  p ro v is io n  o f  ad e q u a te  n u tr itio n  is 
th c rc ío re  essen tial. T he earìy  in s titu tio n  of to ta l p aren - 
tera l n u tr itio n  in  these p a ticn ts  h as  ga in ed  w ide accep- 
tance , a lth o u g h , a tp re se n t , there  is co n sid erab le  in te rest 
in p ro v id in g  n u tr itio n  Via an  en te ra l ro u te . E arly  en tẹra l 
n u tr iậ o n , p rov ided  via a nasoen teric  o r  nasogastric tube, 
m ay also b e  beneíìcial in  p reven ting  bac teria l transloca- 
tion  from  the bow el to the pancreatic  bed , thus, in  this 
m an n er, reduc ing  the inc idence o f  pancreatic  in íection . 
Rancỉom ized stud ies to evaluate th is  possib ility  are cur- 
ren tly  underw ay.

A n u m b e r  o f o th e r th e rap ies  for p an c rea titis  have 
been  p ro p o sed , íreq u en tly  on th e  basis  o f p rec lin ical 
an in ia l ex p e rim en ts , b u t none  o f  these  in te rv en tio n s  
has b ecn  shovvn to bc ol beneíìt. Includecl am  ong

these u n p ro v ed  ih e rap ies  are p e rito n ea l lavage, p lạsm a 
u lira íiltra iio n , n asogastric  su c tio n , an d  ad m in is tra tio n  
of varie tv  oí agen ts, inclucling  a tro p in e , g lucagon , caỉ- 
c ito n in , so m a to s ta tin , steroicls, p ro tease  in h ib ito rs , hep- 
a rín , an d  p la le le t-ac tiv a tin g  factor an tagon is ts . T here  is 
c u rren tly  great in te re s t in the possib iỉitv  th a t ag en ts  th a t 
m od iíy  the in ílam m ato rv  resp o n se  by in te r íc r in g  w ith  
c y to k in e /ch e m o k in e  a c tio n  m ay be u se íu l in the early 
tre a tm e n t o f p an c rea titis , and  it is likely  th a t p rospec tive  
tria ls o f su c h  ag en ts  w ill be lo rth co m in g . H ow ever, at 
p re se n t, no  agen ts d irec ted  a t a lte rin g  the in íỉam m ato ry  
resp o n se  have b e e n  o f p ro v ed  b en e íìt in  the  trea tm e n t of 
severe acu te  p an c rea titis .

T he ro le o f ea rlv  (i.e ., w ith in  4 8 —72 h o u rs  o f the 
on se t o f an  a ttac k )  encloscopic b iliary  s to n e  c learance , 
ach ieved  bv ERCP, w ith  o r vvithout endoscop ic  
sp h in c te ro to m y , has be en  the sub jec l oí several p ro spec- 
tive random izecỉ tria ls. E ach o f those  s tu d ie s  has shovvn 
th a i early  s io n e  c lea rance  is ơf n o  bencR t in m ild  pan- 
c reatitis . O n  ihe O lh e r  h a n d , in severe p an c rea titis , early  
s to n e  c lea rance h as  b een  sh o w n  to be o f  beneR t in  two 
stu d ies  b u t o f  no  b en e íil in a th ird  s tudy . T h u s, at pres- 
en t, the ro le  o f ea rly  stone c lea rance by  ERCP and  
en d o sco p ic  sp h in c te ro to m y  is co n tro v ers ia l.

Late Treatment o f  C om plications

A cute p an c rea titis  m ay be co m p lie a te d  by the laie 
d ev e lo p m en t o f  p an c rea tic  in íe c tio n  o r  by th e  evolu- 
tion  o f a p an c rea tic  p seudocyst. P an crea lic  in íec tio n , 
w hen  it  involves in íe c tio n  o f e ith e r  n e c ro ú c  p an crea tic  
tissue o r  necro tic  p eripancrea tic  tissue, usua lly  requ ires 
su rg ica l d eb rid em en t. F or the m ost part, th is  is accom - 
p lish ed  by rep ea ted  opera tions, d u rin g  w hich  the in- 
íected  necro tic  tissue is rem oveđ  an d  d ra in s  are pỉaced. 
R ecently , a ttem p ts  to accom plish  th is  by p ercu tan eo u s 
o r  even endoscop ic  m ethods have also been  described , 
b u t the role of those  m e th o d s rem ains to be established.

P an crea tic  p seu d o cy sts  are co llec tio n s  o f fluid tha t 
are c o n ta in e d  w ith in  the b o u n d a rie s  c rea ted  by aclja- 
cen t s tru c tu re s . M osi co m m u n ica te  w ith  th e  pancre- 
atic  duc ta l system  an d  co n ia in  ílu id  w ith  h igh  
c o n c en tra tio n s  o f p an c rea lic  d igestive enzym es. 
T hey  m ay be co lo n ized  by  b ac te ria , b u t clin ical in íec- 
tion , w ith  signs o f  sepsis, is u sua lly  ab sen t. W h en  
clin ical ỉn fec tio n  is p resen t, a p an c rea tic  abscess 
( le . ,  in íec ted  p seu d o cy st)  sh o u ld  be su sp ec ted . Pan- 
creatic  p se u d o cy sts  tha t are  a sy m p to m atic  an d  o f sta- 
ble size do  n o t re q u irẽ  trea tm e n t. W h en  in íec ted , they 
sh o u ld  be d ra in e d , u sua lly  bỵ p e rc u ta n e o u s  m e th o d s 
ex ternally . í t  is g en era llv  believed  tha t, in  the absence 
of in ie c tio n , p se u d o cy sts  tha t are sy m p to m atic  an d /o r 
en larg ing  afte r 6 w eeks o f o b se rv a tio n  sh o u ld  be



trea ted , b u t th e re  is no  ag reem en t as to the ideal 
m e th o d  o f trea tin g  su c h  p seudocysts . S uccessful treat- 
m en t has b een  rep o r te d  u sing  p e rc u ta n e o u s  drainagc 
(i.e., w ith  CT o r u ltra so u n d  g u id a n ce ), endoscop ic  
in te rn a l d ra inage  (i.e ., w ith  en d o sco p ic  u ltra so u n d  
g u id an ce ), o r  bv su rg ica l in te rn a l d ra in ag e  (i.e ., by 
cyst gas tro s tom y  o r cyst R oưx-en-Y  je ju n o s to m y ). In 
p r a c L ic e ,  t h e  a p p r o a c h  i s  u s u a l l y  d e t e r m i n e d  b y  t h e  

local ex p ertise  available a t th e  trea tin g  in s titu tio n .

S ee  A lso  th e  F o l lo w in g  A r t ic le s

A m ylase •  C om puted  T om ography (C T ) •  Pancreatic D iges- 
tive E nzym es •  Pancreatic P unction  T ests  •  Pancreatic  
P seu d o cy sts •  P ancreaiic T riglyceride L ipase •  Pancreatitis, 
E xperim ental M ođels •  T rypsin  •  U ltrasonography
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cholecystokinin A gastrointestinal hormone that stimulates 
pancreatic secretion of digestive enzỵmes as well as 
gallbladder contraction. 

endoscopic retrograde cholangiopancreatography A proce- 
dưre ulilỉzing an endoscope to inject radiographíc 
contrast in to the pancreatic and bile ducts. Treatment 
of certain problems incìuding cluciai sirictures and 
removal of ductal stones is possiblc with this technique. 

endoscopic ultrasonography A procedure utilizing an 
endoscope with an ultrasound probe mounted on ihe 
tip, which allows highly detaỉled examinaiion of the 
pancreas and -surrounding structurès. 

neurolysis Destruction of nerves to produce pain reliel 
pscudoaneurỵsm  Aneurvsmal dilaúon of a peripancreatic 

artery produced by the local injurious eíĩects of a 
pseudocyst.

pseudocyst A colỊection of fluid produceđ by leakage of 
panereatic juice and surrounded by a capsule of íìbrous 
and granulation tissue. 

secretin A gastrọintestinal horm one thai stimulaies pancrea- 
tic secretion of íluicỉ and bicarbonate. 

stealorrhea The presence of signiíìcam undigested íat in the 
stooỉ. A markcr of inaclequatc or incompletc cligestion 
of fat.

trypsinogen A pancreatic digestive e.nzymc that, oncc 
activated, has the capacity to activate all the other 
pancreatic digestive enzymes. 

trypsin  in h ib itor  p rotein  (a lso  know n as SPINK-1) A 
pancreatíc: secretoiy protein that inhibits the action of 
activate trypsin and ỉunctions as a protective mechanism 
to prevent inadvertent activation of digestive enzvmes 
within the pancreas.

C hronic pancrea titis  is characterized by inílam m ation, 
fibrosis, and eventually  des truc tion  of both  exocrine 
and endocrine tissue. By deíìn ition , the dam age is perm a- 
nen t and irreversib le. T his histo logical deíin ition , al- 
though  s till w idely  accepted , is difficult to  apply in 
p ractice, as pancreatic  tissu e  is rarely  available for eval- 
uation. O ver a n u m ber of years, a series o f in ternational 
panels have a ttem p ted  to d raw  up defm itions for chronic 
p ancrea titis  but these have also been based  on histology. 
M ore recen t a ttem p ts  to  deíìne and categorize chronic 
pancreatitis  have íocused  on  the resu lts of d iagnostic 
te s ts  or on etiology, bypassing  the difficult issue of deíìn- 
ing the  d isease. For m any clinicians, the detìn ition  has

been based  on  abnorm alities o f the pancreas visible on 
im aging s tu d ies  such  as com pu ted  tom ography , u ltra - 
sound , o r endoscop ic re trograde cholangiopancreato- 
graphy. U n ío rtunate ly , these abno rm alities (such  as 
dirfuse pancreatic  calc iíìcations or a d iỉa ted  pancreatic 
duct) m ay take years to  develop and  m ay n o t even develop 
in som e patien ts . D efm ing the  d iscase based  on im aging 
stud ies w ill the re ío re  m iss  m any p a tien ts  w ith  the cỉis- 
ease. M ore recen t a ttem p ts  to  categorize ch ron ic pancre- 
a titis  have ĩo cu sed  m orc on  etiology, bu t no  single, w ideỉy 
accepted  m ethơ d  for defin ing and categoriz ing  chronic 
pancreatitis  ex ists.

D E M O G R A PH IC  F IN D IN G S

E siim ates o f th e  in c id en c e  and  p reva lence  o f ch ro n ic  
p an c rea titis  vary  w idely. A utopsy  s tu d ie s  suggest a p rev- 
a lence o f  0 .0 4 —5%. A utopsy  s tu d ie s  m ay o v erestim ate  
tru e  p reva lence  as h is to lo g ic  ch an g es o f ch ro n ic  pan - 
c rea litis  can  be  ío u n d  in  ce rta in  su b g ro u p s  (e.g ., long- 
s ta n d in g  a lco h o l use , very  e lderly ) in  w h o m  no  
sym ptom s o f  c h ro n ic  p a n c rea titis  w ere  p re se n t in  life. 
ĩn c id en ce  s tu d ie s  ran g e  from  less th a n  1  to  m ore  th a n  10  
new  cases p e r  1 00 ,000  p o p u la tio n . T he sing le p ro sp ec - 
tive s tu d y  th a t w as p e r ío rra e d  ío u n d  a p reva lence of 
27 .4  cases p e r  100 ,000  p o p u la tio n  an d  a n  in c id en ce  
o f 8 .2  n ew  cases p e r  100 ,000  p o p u la tio n . In  the  U n ited  
S tates, th is  ac co u n ts  for m o re  th a n  6 0 ,0 0 0  h o sp ita l ad- 
m issions yearly  in  w h ic h  c h ro n ic  p an c re a titis  is o n e  of 
th e  d isch arg e  d iagnoses.

M ost o f these  d em o g ra p h ic  d a ta  are  based  on  pa- 
tien ts w ith  a lco h o l- in d u c ed  ch ro n ic  p an c rea titis , as 
these are  th e  easiest to  d iag n o se  u s in g  ro u tin e ly  avail- 
able im ag in g  s tu d ies . P a tien ts  w ith  o th e r  fo rm s o f pan- 
c rea titis  (e.g ., id io p a th ic  ch ro n ic  p an c rea titis )  an d  those 
w ith  less ad v an ced  cases o f a lcoho lic  ch ro n ic  p an c rea - 
t itis  m ay lack  these  easilv  id en tif iab le  ab n o rm a litie s  and  
so m ay n o t b e  in c lu d e d  in  ep id em io lo g ica l s tu d ies . T he 
tru e  in c id en c e  a n d  p reva lence are  th e re ío re  p ro b ab ly  
h ig h e r th a n  the  availab le estim ates .

C h ro n ic  p an c re a titis  p ro d u c e s  s ig n iíìcan t m o rb id - 
ity, m o rta lity , and  h e a lth  care costs. A rec en t analysis 
o f b o th  acu te  an d  c h ro n ic  p a n c rea titis  e s tim a ted  to ta l



costs at 2,5 billion  do lla rs yearlv. M orbid itv  and m oi- 
talitv occur as a conscqucnce of the disease itself, the 
therapv used to trea t it (e.g., surgery), o r ongoing  alco- 
hol abuse (in those w ith  a lcoho l-induced  ch ro n ic  pan- 
creatitis). A bdom inal pain , m aldigestion  w ith  vveighl 
loss, d iabetes inellitus, se co n d a n ' cancers, an d  con tín - 
ued alcohol abuse are the m ajor negative in íluences on 
qualitv  and  length  o f life . O verall, 10-year m orta lity  is 
approxim aielv  30% an d  20-year m orta litv  is approx i- 
m atelv 50% or greater. D eatb is often not due to ch ron ic  
pancreatitìs  bu i ra ih er to o th er m edical co n d itio n s (cir- 
r h o s i s ,  m a l i g n a n c v .  a n d  v a s c u l a r  d i s e a s c ) ,  c o n t i n u e d  

alcohol abuse, o r postopera tive com plications.

ETIOLOGY A N D  PATH O PH Y SIO LO G Y

D espite in tense  effort, no clear un ilv ing  pa lhophvsio - 
logic m echan ism s hãvc been  identiíìeđ . A llh o u g h  all 
etiologies of ch ro n ic  pancreatitis  m ay p roduce  sim ilar 
histologic dam age, the pathophvsìo log ìc m echan ism  
m ay varv lrom  elio logy to ctiology. The u ltim ate  effect 
is dam agc lo thc pancrcatic  acini, ducts, nerves, and islet 
cells and the developm ent of the Cardinal m an iíes ta tions 
oí abdom inal pain, m ald igestion , and d iahetes m ellitus. 
The e ú o lo g ieso f ch ron ic  p ancreatitis  are listecl in Table I 
and  are d iscussed below.

A lc o h o l C o n s u m p t io n

A lcohol co n su m p ũ o n  is thc m ajor cause of ch ron ic  
pancreat.itis. A lthough ihere is no "saĩe" level of in take 
below  w hich  chron ic  pancreatitis  does n o t pccur, 
pro longed  alcohol in take is usuallv  requ ired  (e.g., 4 
p in ts  of beer or 800 ml of w ine p er dày for 6 —1 2  
years). O nly a m ino ritỵ  of alcoholics (app rox im atelv

TABLE 1 C auses of C hronic Pancreatitis

Alcohol ahuse 
Tropical pancr«lti 1 is 
O hstruction of pancreatic duct 

Traum a to pancrcatic duct 
Benign or m alignant ductal striclure 
Conscqucnces of pancrcalìc duct stent 
Pancreas divisum 

Genctic causes
Hcrcditarv paiKreatitis (trvpsinogcn genc nuualions 
and others)
Cystic íìbrosis 

A utoim inune chronic pancrcatiiis 
Recurrcm or sevcre acitte pancreaiitis 
Iđiopathic pancreatitis 

Earlv-onscl 
Laie-onscl

1 5%) d rin k in g  th is m uch vvill ac tuallv  devclop  chroniic  
p an c reaú tis , suggesting  that an im p o rtan t co ĩactio r 
(sucli as d ie t or genetics) exísts. In W este rn ized  socite- 
úes, 70% of cases of ch ron ic  p an c reaú tis  are duc 1 to 
a lcoho l co n su m p tio n , vvith the rem a in in g  30% due Ito 
o lh e r  causes o r id iopa th ic  diseasc. T he m echan ìsm  lny 
w hich  alcohol P ro d u c ts  p an c rea tic  in ịu rv  an d  chroniic 
p an c rea titis  is u n k n o v v n .

Bv ihe tim e the íirst clinical a itack  of a lcoho lic  pam - 
crca titis  occurs, m ost patien ts have already  develope;d 
h isto log ic  changes o f ch ron ic  pancreatilis . C on linue-d  
a lcoho l ahuse leads to ongo ing  p an c rea tic  dam age áil- 
tb o u g h  dam age m av co n ú n u e  even w ith  com plete alb- 
s tinence , a lbeit a t a slow er rate. T he p rognosis (of 
a lcoho lic  ch ro n ic  pancrea titis  is poor, w ith  the írequem t 
d e v e l o p m e n t  o f  e x o c r i n e  o r  e n d o c r i n e  i n s u l f i c i e n c y  a m d  

inc reased  m o rta lity  clue to the consequence o f c o n tin -  
ued alcohol abusc.

T r o p ic a l  P a n c r e a t i t i s

T rop ica l p an c rea tiú s  is the m ost com m on form  (of 
ch ro n ic  p an c rea titis  in certain  arcas of Indonesia , [ndiia, 
an d  Africa. T he m ost classic forni inc ludes abdom im al 
pain  b eg in n in g  in ch ildhood , w ith  suh seq u en t diabete-s, 
m a ln u tr iũ o n , and  điffuse pancreatic  calciR cations. Less 
sevcre íb rm s also secm  to exist. M ost people ultim ate.ly 
dìe ĩrom  con ip lica iions of the disease. M alnu trition  is 
fe 11 10 be  im p o r ta n t in th e  d e v e lo p m c n t  o f  tro p io a l 
chroniG pancreatitis, perhaps đue to deíìciencies in  
trace e lem en ts  o r an tiox idan ts. Toxic p ro d u c ts  
co n ta in ed  in the d ie t (e.g., cassava o r so rghum ) o r  
the  en v iro n m en t or genetics m ay also play a role in  
p an c reaú c  in jury .

P a n c r e a t ic  D u c t  O b s t r u c t io n

Any c o n d iú o n  tha t ch ron ically  ob stru c ts  the m ain  
pancrea tic  du ct can lead to ch ro n ic  p ancrea titis  in  the  
g land “u p s trea m ” Irom  the obstruc tion . O b s tru c tio n  
m ay he due to ben ign  s tric tu res , am pullary  s ten o sis  
o r neop lasm s, pancreatic  tu m o rs  o r pseudocysts, con - 
geniial v arian ts, o r cndoscop icallv  placcd p an c rea tic  
d u c ts ie m s . L ong-stand ing  o b stru c tio n  leads to irrevers- 
ible ch ro n ic  pancrea titis , b u t bo th  functional and s tru c - 
tu ra l im p ro v em en t can be seen if the o b siru c tio n  is 
d iscovcred  an d  relieved.

O ne form  of pancreatic  duct o b s tru c tio n  deservcs 
speciíìc m e n ú o n . Pancreas d iv isum , a congenital failure 
of fusion of the clorsal and vcn tra l pancreatic  ducts, m ay 
lead to o h s tru c tio n  of the p ancrea tic  duct and ch ro n ic  
pan c reaú tis . T he sm all ventral pancreas drains th ro u g h  
the larger m ajor pap illa  and the largcr dorsal pancreas 
dra ins  ih ro u g h  the sm aller acxessorv papilla. Pancreas



div isụm  occurs in  u p  to  7% of the p o p u la tio n . A lthoug lì 
the  vast m ạịoríty  o f p a tie n ts  w ith  th is co n g e n ita l abno r- 
m ality  h a  ve no  svm ptom s, a sm all su b se t o f p a tien ts  w ill 
deve lop  acu te or c h ro n ic  pancrcatitis .

G enetic Forms o f Chronic Pancreatitis 

Hereditary Pancreatỉtỉs

Several k in d red s  from  aroưncl the  w o rld  w ith  acu te  
an d  ch ro n ic  p an c rea titis  have been  d esc rib ed . T he pat- 
tẹ rn  of in h e ritan ce  is au to so m al d o m in a n t w ith  incom - 
p le te  p en e lran c e  an d  th e  typicaỉ clin ical ĩe a tu re s  are 
r e e u rre n t acu te p an c rea titis  b eg in n in g  at an  earlv  age, 
c u lm in a tin g  in  ad v an ced  ch ro n ic  p an c rea titis . P ancre - 
a tic  cạ n cẹ r is a co m m o n  co m p lica tio n , o c c u rrin g  in  up  
to 40%  o f these p a tien is . T here  are a n u m b e r  of genetic  
d efects tha t have b een  iden tifieđ  in  these  k inclreds vvith 
h e re d ita ry  p an crea titis . F u n c tio n a l g en o m ic  s tu d ie s  in i- 
tia lly  iden tiíìed  a sing le  p o in t m u ta tio n  in  the  ca tio n ic  
try p sin ó g én  gene. T ry p s in o g en  is a p ro e rư y m e  tha t, 
o nce  ac tiva ted , has the  ab ilily  to  ac iiva le  n o t on lv  itself 
b u t  o t h e r  d i g e s t i v e  e n z y m e s  a s  v v e ll. I n  t h e  n o r m a l  S t a t e ,  

try p sin o g en  is ac tiva ted  only w ith in  th e  d u o đ e n u m , 
saíelv  aw ay from  the  p an creas . T ry p sin o g en  m ay, how - 
ever, u n d erg o  a very  slow  au to ac tiv a tio n  w ith in  the 
pancreas. A n u m b e r  o f  m eehan ism s ex ist to  p rev e n t 
ih is  activated  iry p sin  from  ac tiv a tin g  o th e r  d igestive 
enzym es vvithin the  p an c reas  and  cau sin g  p an crea titis . 
Based on m o lecu la r m odeling , th e  m u ta tio n  w as 
ih o u g h i to convey  a gain -o f-fu n c tio n  m u ta tio n , in 
w h ich  the m u ta le d  try p sin o g en  vvas res is tan t to inacli- 
vạ tio n  once ac tiva ted . T rypsin , the  ac tiv a ied  fo n n  of 
trypsinogen , co u ld  th e n  activatẹ all o f th e  o th e r  p an c re - 
a tic  digestive enzym es w ith in  the p an c reas . T h is con- 
tin u a l low -grade ac tiv a tio n  of d igestive enzym es w ith in  
th e  p an c reas  is believed  to p ro d u c e  o n g o in g  dam age, 
w h ic h  u ltim atc ly  p ro d u c e s  severe ch ro n ic  p an c rea titis . 
S ince th is in itia l d iscovery , several o th e r  gen e  m u ta tio n s  
h a  ve been  id en tiS ed  in  the  ca tion ic  try p s in o g e n  gene as 
w ell as vvithin an  enzym e m e a n t to in ac tiv a te  try p s in , the  
'trypsin  in h ib ito r  p ro te in  (serine  p ro tease  in h ib ito r  kazai 
ivpe 1 or S PIN K -1). S tud ies ha ve n o t yet id e n tiíied  these 
gene m iita tỉo n s  as b e in g  im p o rta n t in  p a tie n ts  w ith  
o th e r  íb rm s o f ch ro n ic  p an c rea titis  ( id io p a th ic  and  
a lcoho lic  ch ro n ic  p an e rea tiiis ).

Cystỉc ĩ ìb rơsis

In ch ild ren , cystic íìb ro sis  is the m ost co m m o n  cause 
of p an crca tic  in su ííìc ien cy , P rec ip ita tio n  o f p ro te in  
p lu g s an d  in sp issa ted  m u c u s  occu r in  the  p an c rea tic  
d u c t, m uch  as in  the  b ro n ch io les , leađ in g  to  dam age 
to  the  g land  clue to  c h ro n ic  o b stru c tio n . R eccnl s tu d ies  
ha ve n o te d  cvstic íìb ro sis  gene m u ta tio n s  in  p a tien ts

vviih acu te  an d  ch ro n ic  p an c rea titis  vvho have no pu l- 
m onarv  o r s in u s  co n d itio n s  com m onỉv  a-ssociated vvith 
cvstic íib rosis . In  som e s tud ies, at least h a lf  o f pa tỉen is  
in iũa llv  d ia g n o sed  w iih  “id iopath ic" ch ro n ic  pancreati- 
tis have at least one cystic Rbrosis allelic m u ta tio n . M any 
o f the  se m u ta tio n s  are no t m easu red  on  com m ercially  
availab le sc reen s  and  com plete  genetic  analysis is 
re q u ừ e d  to id e n tiív  the m u ta tions.

Rare Form s o f Chronic Pancreatitis 

Autoimmune Chronic Pancreatitis

C h ro n ic  p an c rea titis  m ay rare ly  be scen  in  associa- 
tion  w ith  au to an tib o d ie s , elevated levels o f im rauno - 
g lobu lin s , an d  dense lym phocy tic  in íìltra te  vvithin the 
p an c reas  (if h isto logy  is available). In over halí o f these 
cases, o th e r  a u to im m u n c  d iseases coex ist in c lu d in g  pri- 
m arv  sc le ro sin g  cho lang itis, p rim ary  b iliary  cirrhosis , 
a u to im m u n e  hepa titis , and  S jogren’s syndrom e.

Recurrent or Severe AciUe Pancreatitis

A very  severe a ttack  of acu te  p an c rea lilis  o r m u ltip le  
less severe a ttack s  m ay p ro d u ce  en o u g h  clamage to the 
g land  to  re s u k  in  ch ro n ic  pancrea titis . M ost com m only , 
th is  o cc u rs  a fte r the d ev e lo p m en t o f a s tr ic tu re  in the 
p an c rea tic  d u c t  th a t p ro d u ces  co n tin u in g  dam age tơ the 
g land  u p sirea m  of the stric tu re .

H ype rí ríg l yce ride m 'xa

T rig lyceride  levels above lOOOmg/dl can in itia te  
acu te  p ạn c rea titis . R ecu rrcn l a ttacks of h y p erlip id em ic  
p an c rea titis  m ay  u ltim ate ly  p ro d u ce  ch ro n ic  pancreaii- 
tis. T h is  o cc u rs  m ost com m only  as a resu lt o f íam ilial 
h y p erlip id em ias  (types ĨV an d  V) exacerba ted  by  estro- 
gen  u se  o r  p o o rly  con tro lled  d iabetes. T his cause of 
b o th  acu te  an d  ch ro n ic  p an c rea titis  sh o u ld  n o t be for- 
g o tten , as effective thc rapy  is available.

Idiopathic Chronic Pancreatitis

B etw een 10 and  30% of p a tien ts  w ill no t have an  
easily  deR nab le  cause of ch ro n ic  pancrea titis . ld io p a th ic  
ch ro n ic  p an c re a titis  is the second  m ost co m m o n  cause 
of c h ro n ic  p an c rea tiiis  in  adu lts , b eh in d  a lcoho l abuse. 
Som e o f  thẹse  p a tien ts  m ay actụally  be alcoho lics and 
m ay be m issed  if th is h isto ry  can n o t be elucida teđ . Some 
m ay have cystic  Rbrosis gene m u ta tio n s , as nơ ted  above. 
Tw o d iffe ren t form s of id io p a th ic  ch  ro  ni c pancrea titis  
have b e e n  d esc rib ed , a la tc -onse t form  an d  an  early- 
o nse t form . T h e  la te-onsé t form  occu rs at a m ean  age 
o f 56  years, com m o n ly  p resen tin g  w ith  s tea to rrh ea  or 
d iabe tes  an d  less cơm m only  w ith  abdom inal pain . The 
ca rly -onse t fo rm  begins at app ro x im ate lv  age 2 0  an d  is



characterized by severe pain in essemially all palients 
bui very inírequently  by s teatorrhea or diabeies. Many 
of these patients with early-onset idiopathic chronic 
pancreatitis  do not have easilv idcntiíìable abnormali-  
ties of the pancreas on imaging studies [computed 
tom ography  (CT), u ltra sound  (US). or endoscopic rei- 
rograde cholangiopancrea tographv  (ERCP)] and  are 
com m onlv  misdiagnosed.

C LINIC AL FEATURES  

Abdominal Pain

Abdominal pain is ihe p redom inan t sym ptom  ol 
chronic pancreatìtis and the o n i  ihat m osí adversely 
affects quality of lifc. The most Irequent tvpe of pain 
ĩs dull, localed in the epigastrium with  assocíated back 
pain, and  m ade worse hy eating or lying in the supine 
position. Food may be avoided, ỉeading to weight loss 
and m alnutr ition . Pain may be episodic (lasting (rom 
hours  to weeks) or m ore cons tan t  or coniinuous.  The 
pain is generally m odera te  to severe and narcotic anal- 
gesics arc required in m any patients. Pain is not univer- 
sal, howevcr. Pain never develops in up  10 15% of 
patients with alcoholic chronic pancreatitis and up 10 
25% (or more) of paú e n ts  with late-onset idiopathic 
chronic pancreatilis. In sorat' patients, the pain may 
“b u rn  ou t” after many years oí chronic pancreaùtis ,  
a l though this is unprediclablt ' .

There are m any po tenúal sources of pain. The most 
com m oncontrib iu ingfactorsarcc 'onsk lerecliobcin(lam - 
m ation and  dam age to pancreaiic  and peripancrcatic 
visceral afferent nerves, pancreatic  tissuc ischemia, hy- 
perst im ula tion  of the pancreas duc to in te rrup tion  of 
norm al íeedback control,  and  com plications of chronic 
pancreatitis  (pseudocyst,  co m m o n  bile duct or duode- 
nal obstruction ,  superim posed  pancrcatic  carcinoma).

M aldigestion

Exocrine insutíìciencv (steatorrhea) due 10 chronic 
pancrea t iús  does not occur un ti l  the capacity of the 
pancreas to secrete lipase and colìpase is reduced to 
less than 10% of normal. Maldigestion is thus a m arker  
of íar-advanced chronic pancreatitis . Fat maldigestion is 
m ore  co m m o n  and  m ore  clinicallv im portan t than  pro- 
tein or carbohydra te maldigcstion. Maldigeslion is due 
to d im in ished  secretion of pancrcatic  enzvmes as well as 
reduced  secretion oi b icarbonaie  from the pancreatic 
d u c ta !  S y s t e m ;  w i t h  r c d u c e d  b i c a r b o n a t e ,  th e  l o w e r  

d uodena l pH inactivates m anv  pancreatic diẹestive en- 
zvmes. W eight loss is not invariable with maldigestion 
as intake may be increased, but can occur ií íood is 
avoided due to pain or if intakc is inađequate due to

chronic alcoholism. Polate deficiency may be seen, pair- 
ticularly in chronic alcoholics. O steopen ía  and  osteio- 
porosis may also develop as a consequence  of vitam in D 
deficiency.

Diabetes M ellitus

Endocrine insufíìciency (diabetes m ellitus) deve:l- 
ops w hen  enough pancreatic  islet cells have been die- 
stroyed to signiíìcantly im pa ir  insu lin  p rođuction .  T h e  
islet cells are more resistant to dam age than  the aciruar 
and ductal cells, so diabetes is also a m a rk e r  of far-ađ- 
vanced chronic pancreatitis. This form of diabetes is 
rarelv associated with ketoacidosis  bu t  ữ e q u e n t  trea.t- 
ment-associaled episodes oí hypoglycem ia can o c c u r  
(due to inadequate glucagon reserves). MicrovascuLar 
com plicaúons of diabetes ( re t inopa lhy  or n eu ro p a th v )  
occur as írequently as in o the r  diabetics, if co r rec ted  
tor the duration  of disease.

D IA G N O SIS

Clinical features such  as abdom inal pain, steatorrhea ,  o r  
d iabetes usually suggest the possibilitv  of chron ic  p a n -  
creatitis, and this is con íirm ed by one of a vvide variety o f  
diagnostic iests. The true gold S ta n d a r d  diagnostic  te&t, 
pancreatic histology, is rarely available and  alternative 
tests serve as imperfect substituies, Most of the d iagnos-  
tic tests currenily  in use are im aging s tud ies  thai detec t  
s tructura l abnormalities within the pancreas . These can  
i n đ u d e  such  leatures as a dilatcd or i rregular  pancrealic  
duct,  pancreatic  gland atrophy, or diffuse pancreatic  
calciíicaúons. Chronic pancreatitis  can  be a slowly P ro 
gressive disease and  these changes m ay take years to 
develop. Similarly, iunctional p rob lem s such  as exo- 
crine or endocrine insufficiency may not develop for 
vcars. In  advanced and  long-s tand ing  disease, easilv 
visible s lructura l and  íunctional abnorm ali t ies  may be 
seen and  this makes the d iagnosis s traighlforward. In  
less advanced disease or disease of sh o r te r  d u raú o n ,  
however, these structural a n d  functional changes may 
no t he presen t and the diagnosis can be challengine;. 
This has led to a general clinical differentiation: “big- 
duct disease” and “sm all-duct disease.’’ Big-duct disease 
is the prcsence of signitìcant s truc tu ra l  abnorm alities of 
the pancreas (dilation of the main pancreatic  duct,  dif- 
luse calcitications) and is often associated vvith exocrine 
or endocrine insufficiency. Small-duct disease implies 
the absence of these advanced  s truc tu ra l  abnorm alitics 
and usually ihe absence of exocrine or endocrine  insuf- 
lìcicncv. This diffcrentiation is clinicallv useíul; ihose 
with big-duct discase have advanced or long-standing 
disease, are easiest to diagnose, are usually alcoholic,



TABLE ĩl  D iagnostic T ests  and S tudies for C hronic 
P ancreatitis (Listed in O rder o f D ecreasing Sensitivity)

T ests o f íunction
Procedures cxam ining  

structure

Serretin or secretin— 
cholecvstokinin test

EUS“

Pecal elastase or chymotrypsin ERCP
Serum trypsin MRI/MRCP'1
Fecal ĩat CT
Blood glucose ưltrasound  

Plain abdominal 
radiograph

“ Estimated. The sensitivity of Hưs may be betier than ihat of 
ERCP, MRI, and CT. The speciíieUy of EUS is, hợvvever, suboptimal 
and limits iis ơvcrall accuracv. The sehsitivity of MRI/MRCP is nol 
knovvn but is SLÌỈ1 probably lcss than thai of ERC.P using curreni ỉmage 
leclmology.

a n d  are m ost su itab le  for en d o sco p ic  o r su rg ica ì th e ra p y . 
T h o se  w ith  sm ạ ll-d u c t d isease  are rauc lì m ore  cliĩíìcult 
to  cliagnose, a re  m ore  like ly  id iopa th lc , an d  are m ost 
su ilab lc  for m ed ica l therapy .

V ery fcw d iagnostic  tests m easu re  ab n o rm a lilie s  oí 
p an c rea tic  function . W ith  the ex cep tio n  of d irec l hor- 
m o n a l s tim u la tio n  tes ting , these tests o f íu n c tio n  are 
ab n o rm a l o n ly  in  far-ađvanceđ  d isease w h en  ex o crin e  
in su ffic iency  h as  alréady  developed . D iagnostic  tests 
u sed  for ch ro n ic  p an c rea titis  are lis ted  in T able II an d  
a rc  d iscusseđ  below .

T ests o f Pancreatic Structure

Plain Abdominal X Rays

T he íìn d in g  o f d iffuse p ãn c rea tic  ca lc iíica tion  o n  a 
p la in  a b d o m in a l rad io g rap h  is speciíic ío r ch ro n ic  pan- 
c re a titis  b u t is se en  on ly  in  ía r-advanced  d isease . Focal 
pan c rea tic  ca lc iíìca tio n  m ay be clue to o th e r  c o n d itỉo n s  
su c h  as trau m a , isle t-ce ll tu m o rs , o r hypercalcem ia.

Abdominal ưltrasonography and 
Computeả Tomography

A  tran sab d o ĩiiin a l u ltra so u n d  m ay n o te  p an c rea tic  
p a re n ch ỵ m a l ca lc iíìca tio n s, p an c rea tic  a tro p h y , o r a di- 
la te d  p an c rea tic  d u ct. O verly ing  bow el gas can  in te r íe re  
w ith  v isu a liz a tio n  of the  p an creas , m ak in g  the  sensitiv - 
ity  o f u ltra so u n d  g rea te r  th a n  th a t o f p la in  X rays b u t less 
th a n  tha t o f CT. CT Bndi.n-gs of ch ro n ic  p an c rea titis  
in c lu d e  a tro p h v  o f the  g land , irre g u la r c o n to u r  o f the 
p an c reas , d ila tio n  o r irreg u la rity  o f the p an c rea tic  d u ct, 
a n d  ca lc iíied  p an c rea tic  ca lcu li (Fig. 1). CT is also  use íu l

in  lo o k in g  for co m p lica tio n s of ch ro n ic  p an c rea titis  
(e.g ., p an c rea tic  ca rc inom a o r  p an c rea tic  p seudocyst).

Magnetic Resonance Imaging and Magnetic 
Resonance Cholangíopancreatography

T he quality  o f S t a n d a r d  m agnetic  resonance im aging  
(M RI) im ages of the p an creas co n tin u es  to im prove b u t 
has n o t ye t reached  the  overall quality  o f CT. M agnetic 
resonance  ch o lan g ío p an crea to g rap h y  (M RCP) u tilizes 
an  an a to m ic  rec o n s tru c tio n  of the b iliary  and  p an c rea tic  
d u cta l system s. M RCP is m ost accu rate  in  advanced  
ch ro n ic  p an c rea titis  b u t the accu racy  w ith  lcss-ad- 
v anced  ch ro n ic  p an c rea titis  is substan tia lly  reduced .

Endoscopic Ultrasonography

T he endoscop ic  u ltra so n o g rap h y  (EƯS) in s tru m e n t 
is a h igh -frequency  u ltra so ụ n d  p ro b e  m o u n te d  on  an 
endoscope . H ig h -re so lu tiơ n  im ages can  be acq u ired  of 
the p an c rea tic  d u c t, p a ren ch y m a , an d  su rro u n d in g  
s tru c tu re s . Eưs is h igh ly  accu ra te  in  advanced  ch ro n ic  
p an c rea titis  (Fig. 2). T he sensitiv ity  an d  cspeciallv  the 
speciíic ity  o f the test in  p a tien ts  w ith o u t the-se advanced  
ab n o rraã litie s  are n o t yet kno\vn.

Endoscopic Relrograde  
Cholangỉopancreatography

ERCP is one o f the m ost com m on ly  used  im aging  
tc ch n iq u es in  the  eva lua tion  o f p a tien ts  w ith  p resu m ed  
ch ro n ic  p ancreatitis . T he p ro ce d u re  involves in ịection  
o f the p an c rea lic  d u c t w ith  rad io g rap h ic  con trast. The 
d iagnosis o f ch ro n ic  p an c rea titis  by ERCP is basecl on  
changes in the  n ia in  p an c rea tic  d u c t and the cluct side 
b ran ch es . T hese changes in c lu d e  d u c t d ila tio n , s tr ic tu re  
fo rm ation , irreg u la r d u c t co n to u r, associa ted  íilling  of

FIG ƯRE 1 An abdominal CT scan demonstrates diffus.e and 
dense calciíìcation w ìthin the pancreas ọf a patieni wiih long- 
standing alcohol-inducecl chronic pancreatitis.



FIG U R E  2 An EUS image oi chmnu pancreatitis. The instru- 
ment is seen at the top of the imagc. 1 lu* dilaieđ pancreatic duct 
(measurement markcrs) is sccn ai liu- hoi lom. The parenchyma of 
ihe gland between the scope and dilnu-tl (luci has irrcgular echo- 
lexture, also consisient with chronic |uruTeatiiis.

cavities o r p seudocysts , and íìlliiì^ (leíects (i.c., pancre- 
atic cluctal ca lcu li). ERCP is hii-hlv accurate in advanccd  
clisease an d  reasonab ly  a a u rn íe  111 less severe d iseasc 
(Fig. 3). Som e p a tien ts , hovvTYíT 1/ịỊn lìa ve eh ro n ic  pan- 
crea titis  w ith  a no rm al ERC p. ĨĨRCT is also lim ỉtecl hy a 
n u m b e r  o f c lin ical consick raiiom . ìn up  to o n e -th ird  of 
p ro ce d u re s , the  ERCP im aj;e obuiiuccỉ is oí in ad eq u a te  
qualitv  to alỉow  a deíin itivé concìtision. O th e r  condi- 
tions can m im ic the  ERCP c hangcs seen in ch ro n ic  pan- 
crea titis  (p an c rea tic  carcinom a, acute pancrea titis , 
pan c rea tic  d u c t s ten tin g , and aging). The p ro c e d u re  
is expensive an d  rcq u ires  subsianiial cxpcrience and  
sk ill an d  p ro ced u re -re la ted  com plications can  occu r 
in up  to  10% o f patien ts . c.ivon íiìcse ỉactors, ERCP is 
usually  a late step  in  the cvaluatiivn of p a tien ts  w ith  
su spec ted  ch ro n ic  pancreatitis . ERCP clocs have one 
advantage in  th a t therapv  Ciin also be accom plished  
in  som e pa tien ts . T his therapeiiíi''. rather than  d iagnos- 
tic, ro le  o f ERCP is d iscussed  l)elow.

Test o f Pancreatic Function  

Laboratory Tests

Se ru  111 amylase 01' lipase le CÍ-' arc olìen norm al and 
also n o t  ọ f  d iagnostic  im porta ik  c. Serưm irypsin  (an- 
o th e r  pancrea tic  enzym e) is m« usoíul as a d iagnostic

test. Levels below  20 m g/dl are  seen  in  ad v an ced  chron .ic 
pancrea titis  (i.e., s te a to rrh e a  is p rese n t) . P ancreatic  e n -  
zym es m ay also be m e asu red  in  stool. S ince these e n -  
zym es are no t reab so rb cd , d im in ish e d  levels in  stoo l aire 
an  in d irec t m easu re  o f o u tp u t o f  p an c rea tic  enzym e:s. 
Both fecal elastase an d  fecal ch y m o try p sin  h a  ve bee-n 
m easu red , b u t on lv  fecal e lastase is com m erc ia llv  avai 1- 
able. O verall, the  sen sitiv ity  ap p ro a c h e s  90%  in  a d -  
vanced  disease b u t is o n ly  ap p ro x im a te ly  5 0 —60% iĩĩì 
less advanced  diseasc. T h is  is eq u iv a len t to  the  ac cu rac y  
of serum  trvpsin . M easu rem en t o f se ru m  g lucose o r 72 h 
íecal íat o u tp u t can  d o c u m e n i e n d o c rin e  o r e x o c rin e  
insufficicncv b u t are n o t u se íu l for d iag n o stic  p u rp o se  s.

ỉndirect Tests of Pcincreatic Function

The re are a n u m b e r  o f  ra e ih o d s  to  in d ire c tlv  m ea- 
surc p an crca tic  íu n c tio n . Ư sually , a su b stra te  th a t re -  
qu ires the p resen ce  o f p an c rea iic  d igestive en zy m cs 
vvithin the  gu t lu m en  for m etab o lism  is g iven. M ctaboỉ ic 
p ro d u c ts  are  th en  m easu red ; ih e ir  rela tivc p ro d u c tio n  
rá  te ind irec tly  reílects p an c rea tic  enzym e sec re tio n . 
M ald igestion  o f these su b stra te s  cloes n o t o cc u r u n til 
overalì exocrine  insu fficiency  has cỉcvelopcd; henc*e, 
these tests w ill be accu ra te  in ad v an ced  o r cn d -stag e  
disease b u i in accu ra te  in  ea rlie r d isease. M any varia - 
tions o f th is  type ol test hav e  been  deve loped  u sing  a

P1GURE 3  An ERCP of a patient vvith chronic pancreatitis. The 
scopc can be seen, aỉong vvith a pancreatic duct íĩỉled with radio- 
graphic contrạst. The pancreatic duct is dilated and the sicle 
b r a n  che s o f ihc díict are also cỉilated and irreguìâr. The íinclings 
are consistent vvith cìironic pancreatuis and demonstratc big-duct 
disease (see tcxl lor explanaiio.il).



va ri c ty o f substra tcs  (b en tiro m id e  te-st, p an crea lau ry l 
te s t, Lunclh test m eal, am ino  acid c o n su m p tio n  test, 
a n d  dual-label S ch illing  tesi). N one of these  tests is 
ava ilab le for ro u tin e  clin ical use.

Dỉrect Tests of Pancreatic ĩunction

T hese tests m easu re  th e  actual o u tp u t [rom  the  pan- 
c reas  a íte r s tim u la tio n  w ith  a secretagogue. T he sccre- 
tagogues used  are sec re tin , cho lecystok in in , o r b o th . 
P an crea tic  sec re tio n s a re  co llected  vvith a tu b e  placecl 
in  the d u o d en u m . T he sensitiv ity  o f these tests, likc 
all d iagnostic  tests, d ep e n d s  on the severity  o f  th e  dis- 
ease. T he overall sensitiv ity  (7 4 -9 0 % )  an d  speciíìc ily  
( 8 0 —90% ) are how ever, su p e rio r  lo those  of any  o th e r  
e u rre n tly  avaỉlable d iag n o stic  test. T here  are su b stan tia l 
d a  ta in d ic a tin g  th a t d ire c i h o rm onal s tim u la tio n  tests 
c a n  also d iagnose  c h ro n ic  pancrea titis  at a so m ew h at 
e a rlie r  stage th an  anv  o th e r  available test. U n ío riu - 
n a te ly , these tesls a re  availab le at on ly  a few re ie rra l 
c e n te rs  an d  are unava ilab le  to  m any clin ic ians.

D íagnostic Strategy

T he iđeal te s t w ou ld  have h ig h  sensiliv itv  (in  b o th  
sm a ll-d u c t an d  big-cluct d isease) and specific ity  and  be 
in ex p en siv e , safe, an d  w idely  available. No ideal diag- 
n o s tic  test exists. T he a p p ro p ria te  use o f the v arie ty  of 
availab le tests re q u ire s  an  u n d ers ta n d in g  o f th e ir  sensi- 
tiv ity , cost, an d  risk . In itia lly , tesls tha t a re  safe, sim ple, 
a n d  inexpensivc  are used. T hese tests generally  are able 
to  id en tiíy  on ly  p a tien ts  w ith  advanced  OI' b ig -d u ct 
ch ro n ic  p an c rea titis . S uch  tests cou ld  in c iu d e  se ru m  
try p sin , fecal e lastase , an d  ư s .  w h e n  these  first-echelơn  
te s ts  are  n o t d ia g n o sú c , m ore  invasive, risky , o r costly  
te s ts  w o u ld b e  co n s id e red . S econd -echelon  tests in c lu d e  
h o rm o n a l s tim u la tio n  tests , CT scan, M R I/M R C P, o r 
E ư s .  T he m o st invasive a n d  risky test, ERCP, is m ost 
co m m o n ly  u se d  w h en  th e  d iagnosĩs rem ain s u n c lea r  or 
w h en  the rapy , ra th e r  th a n  d iagnosis, is req u ired .

TREATMENT

Treatment o f Exocrine and 
Endocrine Insufficiency

Steatorrhea

S tca to rrhca o ccu rs  o n ly  w hen  90%  of p an c rca tic  
o u tp u t has  b een  lost, d u e  to  in ad eq u a te  deliverv  of 
b o th  lipase a n d  b ic a rb o n a te . T he acid ic en v iro n m en t 
íu r th e r  in ac tiv a te s  w h a t lipase m ay be p re se n t an d  p re- 
c ip ita tes  b ile  sa lts , w o rsen in g  fat ab so rp tio n . T he re- 
p lacem en t o f c n d o g e n o u s  digesiive enzym es w ith  
ex o g e n o u s  enzvm es is the  goal o f therapv . T he use of

a p p ro p ria te  dosages o f these enzynies leads to resólu- 
tỉo n  of d ia rrh ea  an d  vveight ỉoss, a lth o u g h  s te a to rrh ea  is 
rarelv  com plc te ly  co rrec led .

T he various co m m erc ia llv  available p rep a ra tio n s 
a n d  th e ir  lipase c o n te n t a re  li Steel in  Table III. At 
ỉeast 3 0 ,000  IU of lipase n eed s  to  be de livered  to  the 
d u o d e n u m  d u rin g  each  n ieal. P atien ts  u sin g  the 
lo w er-p o ten cv  p re p a ra tio n s  m u s t th e re ío re  ta ke th ree  
to fou r p ills  vvith each  m eal. F ew er pills m u st be taken  
w ith  the  m ore p o te n t fo rm u la tio n s . T he en teric -co a ted  
p re p a ra tio n s  a re  p rotecteci from  gastric  acid. T he non- 
e n te ric -co a ted  p re p a ra tio n s  w iĩl be des tro y ed  by gastric  
acid  an d  so m u st be u se d  in  co n ju n c tio n  vvith an  agen t to 
ređ u c e  gastric  ac id  o u tp u t (h is ta m in e -2  recep to r an tag - 
o n is ts  o r  p ro to n  p u m p  in h ib ito rs ) . T he raost com m on  
reason  fo r ía ilu re  of these  enzỵm es to co rrec t s te a io rrh ea  
is in ad eq u a tc  dose , u su a lly  d u e  to the p a tien t s unw ill- 
ingness to take the n u m b e r  o f  p ills req u ired . A no ther 
co m m o n  reason  is in a c tiv a tio n  o f lipase by gastric acid 
in those  receiv ing  n o n -e n te ric -c o a te d  p rep a ra tio n s. 
D ietary  m a n ip u la tio n s  m ay b e  n eed ed  in  the m anage- 
m e n t o f  m a lab so rp tio n  an d  m a ln u tr itio n . The d ie t 
sh o u ld  usually  c o n ta in  a m o d e ra te  percen tage o f fat 
(30% ), a h igh  p ercen tag c  o f p ro te in  (30% ), a n d  a low  
p ercen tag e  of c a rb o h y d ra te s  (40% ) an d  shoulcl be 
su p p le m e n tc d  w ith  a h ig h -q u a líly  m u ltiv itam in , cal- 
c ium , a n d  v itam in  D.

TABLE III C om m ercially  Available Pancrcalic Enzym es 
for the T reatm en t o f S tea to rrhea" or Pain,?

Brand name
ư nits oí lipase 

per pili

Non-enteric-coated enzym e preparations
Viokase, Viokase 16 8,000; 16,000
Ku-Zyme HP 8,000
Generic pancrealipase 8,000

Hnteric-coated enzyrae preparations
Crcon 5, 10. 20 5,000; 10,000;

20,000
Pancrease MT 4, 10 ,16 , 20 4,000; 10,000;

16,000; 20,000
Ultrase 6, 1 2 .1 8 ,2 0 6,000; 12 ,000;

18,000; 20,000

ứFor the treatment of steatorrhea, both non-enteric-coated and 
enteric-coated preparations can be used. The dosage dcpends on the 
lipase GỌ.ntent; 30,000 units of lipase shoulcl be delivered vvith each 
meal. Non-enteric-coated enzvmes require cotreatment with-agents 10 
supprcss gas-tric aciđ.

f,F:or the treatm cni of pain, onỉv non-enteric-coated cnzyme prep- 
arations ạrc used: four LO cighi pills (depencling ọn potcncy) beíore 
meals and at lìight. As above, an adịuvam  agent to reduce gasiric acỉcl is 
required.



Dỉabetes Meỉlitus

D iabetes is la te com p lica tio n  o f ch ro n ic  pancreatitis . 
M icroang iopa th ic  com plica tions o cc u r w ith  regu larity , 
in c lu d in g  re tin o p a th y , n e p h ro p a th y , n eu ro p a th y , and  
m ore rapicỉ a therosclerosis . A n o th er co m m o n  com pli- 
ca tion  is trea tm e n t- in d u ce d  hypoglyceniia . T hese pa- 
tien ts  can  have in ad eq u a te  g lucagon  as w ell as in su lin  
reserves an d  ca n n o t resp o n d  to  hypoglycem ia w ith  a 
g lucagon  su rge an d  su b se q u en t inc rease  in  b lo o d  glu- 
cose levels. O verly  v igoro  us a ttem p ts  to  con  tro i b lood  
sugar can be  associa ted  w ith  d isa stro u s co m p lica tio n s of 
trea tm e n t- in đ u ce d  hypoglycem ia.

Som e p a tien ts  w ill re sp o n d  to  o ral hypoglycem ics, 
b u t m any re q u ire  in su lin . T he goal o f in su lin  therapy  is 
usua lly  to co n tro l u rin a ry  losses o f glucose ra th e r  than  
a ttem p t tig h t co n tro l o f b lood  sugar. T igh t con  tro i of 
b lood  su g a r is usually  in d ica ted  in  on ly  One su b g ro u p , 
those  w ith  h yperlip idem ic  p an c rea titis , vvhere tigh t con- 
trol o f b lo o d  sugar is need ed  to alìow  co n tro l o f triglyc- 
eride levels.

P ain

Medỉcal Treatment

T here  a re  m any  causes oí p a in  a n d  110 sing le treat- 
m en t is effective in  all p atien ts. A bstinence from  a lcoho l 
recluces th e  risk  o f o th e r  a lco h o l-re la ted  com plications 
su ch  as c irrh o sis , p ro lo n g s life, slow s the rate  o f pro- 
g ression  o f  ch ro n ic  p an crea iitis , an d  m ay reduce pain . 
A nalgesics are ro u tin e ly  req ụ ired . N o n n arco tic  analge- 
sics sh o u ld  be u sed  first an d  if  n arco tics  are req u ired , 
th e  least p o te n t íb rm u la tio n  sh o u ld  be tried  íirst (e.g., 
p ro p o p x y p h en e  w ith  ace tam in o p h en , tram ado l). M ore 
p o te n t n a rco tics  are req u ired  in  m an y  p a tien ts  an d  ad- 
d ic tio n  o ccu rs  in  u p  to  2 0 % o f these patien ts . In  pa tien ts  
w ho  req u ire  n arco lics , the a d d itio n  o f an  an tid ep ressan t 
(tricyc lic  an tid ep ressan ts  o r se lective se ro to n in  reup - 
take in h ib ito rs) can  be help íu l as these can  p o te n tia te  
the effect o f narco tics .

Several sm all s tu d ies  have suggested  th a t non- 
en teric -co a ted  pan c rea tic  enzym es can red u ce  abdom - 
inal pa in  ỉn  som e p a tien ts  w ith  ch ro n ic  p ancreatitis . The 
theơ re tical basis o f  th e ir  e ỉíec t is to  red u ce  pancreatic  
s tim u la tio n  (o r h y p ers tim u la tio n ) by cho lecvstok in in . 
T his effect, o f reestab lish ing  n o rm ạl negative íeẹdback  
co n tro l o f p an crea tic  secre tion , is opera tive  only  in  the 
d u o d en u m . E n teric -coated  p rep a ra tio n s  typically  re- 
lease th e ir  enzym es in  the je ju n u m ; hence, non -en - 
te ric -co a ted  p rep a ra lio n s  are se lec ted  if the in ten t is 
to trea t pain . T he resp o n se  in these tria ls  is m ixed. 
P atien ts vvho seem ed to re sp o n d  b est to the use of con- 
ven tio n al enzym es are those w ìth  milcl to m odera te

ch ro n ic  p an c réa titis  (w ith o u t s te a to rrh ea  01 ' sm all- 
d u c t d isease). P a tien ts  w ith  advanced  d isease (s tea to r-  
rhea  o r  b ig -d u ct d isease) clid no t seem  to resp o n d . If 
triecỉ, th is th e rap y  sh o u ld  be co n s id ered  on ly  in  se lect 
p a tien ts  (sm all-d u ct d isease, no  s te a to rrh ea )  a n d  sh o u ld  
use the  co rrec t enzym e an d  the  co rrec t d o se  (non - 
en te ric -co a ted  p rep a ra tio n s  at h ig h  dosage, co u p led  
w ith  an  agen t to  red u ce  gastric  acid).

A few sm all s tu d ie s  of o c treo tid e  (S an d o sta tin ) have 
suggested  tha t th e  use of th is  agen t m ay re d u c e  the  p a in  
oí ch ro n ic  p an c rea titis , p e rh ap s by red u c in g  pan c rea tic  
s tim u la tio n  o r p e rh a p s  bỵ  a d irec t án ti-n o c icep tiv e  ef- 
fect. A few sm all s tu d ie s  have also suggested  th a t the use 
o f a n tio x id a n ts  (m ix tu re s  o f v itam ins E a n d  c, se len ium , 
m e th io n in e , and  P -caro tene) m ay red u ce  pa in . N either 
trea tm en t is cu rren tly  reco m m en d ed  o u ts id e  clinical 
trials.

Neuroỉysis

In te rru p tio n  o f  nọcicep tíve  v ísceral aữ e ren ts  from 
the pancreas can  be acco m p lish ed  by  ab la tio n  o f the 
celiac nerve  p lexus. T h is has been  tried  by  b o th  CT- 
guidecl an d  EƯ S-guided m e th o d s, u sing  in je c tio n  o f  an- 
esthetics, s ie ro id s , o r a lcoho l. T he th e rap y  seem s m ost 
eííective for the  p a in  o f pan c rea tic  can ce r b u t is usually 
too  sho rt-lived  for p a tien ts  w ith  c h ro n ic  pancreatitis . 
EU S-guided te ch n iq u e s  ap p ear to w o rk  b e tte r  ar.d 
for som ew hat lo n g e r p erio d s  o f tim e th a n  C T -gu id td  
techn iques. D estruc tion  oí v isceral afferen ts by d es tru :-  
tio n  of th e  sp lan ch n ic  nerves ( th o ra co sco p ic  sp la n ch ri-  
cectom y) is also being  investiga ted  b u t th e  efficacy 
rem ains to  be estab lished .

Endoscopic Therapy

A vailable en d o sco p ic  th e rap ies  in c lu d e  p a n c re a tc  
d u c t sp h in c te ro to m y , p an c reaú c  d u c t s te n tin g , d ila tk n  
o f  d u c ta l s tr ic tu re s , rem ova l o f p an c rea tic  s to n es, a td  
trea tm e n t o f co m p lica tio n s su ch  as p seu d o cy st o r b i l ia y  
o b stru c tio n . T he p rim ary  goal o f en d o sco p ic  th e rap y  IS 
to rem ove o r bypass  any o b stru c tio n  w ith in  the  p a n c p -  
atic duct. C are íu l se lec tion  ơí p a tien ts  for th is  the rapy is 
critica l. A p p ro p ria te  can d id a tes  are those  w ith  a s ig n í-  
ic an t p an crea tic  ducta l s tr ic tu re  in  the  h ea d  o f the p a i- 
creas o r those w ith  a few o b stru c tin g  s to n e s  in  the heíd  
o f the  g land . A p p ro x im ate ly  o n e -th ird  to o n e -h a lf  )f 
p a tien ts  w ith  b ig -d u ct d isease sa tisíỵ  these  criteria . n  
these careíu lly  selectecl g roups, up  to  th re e -ío u rth s  )f 
p a tien ts  w ill ex p e rien ce  pa in  re lie í a fte r en d o sco p c  
therapy . C o m p lica tio n s o f en d o sco p ic  trea tm erit )f 
ch ro n ic  p an c rea titis  o cc u r in  15 —20%  o f p a tie n s  
(pancrea titis , b leed iỉig , p erfo ra iio n , and  sepsis). P a n c r-  
atic sten ts, u sed  for the rapv  in these p a tien is , c a n  n 
an d  of them selves also irỳu re  the p an c rea tic  du ct aid



p aren ch y m a in up to hai í o l p a tien ts  trea ted , an d  these 
ch an g es m ay not resolve. E ndoscop ic  th e rap v  is a rea- 
sonab le  a lternative in a p p ro p ria te ly  se lec ted  p a tien ts  at 
cen te rs  vvith ap p ro p ria te  expertise .

Surgical Treatment

Surgical therapy  is co n s id e red  for p a in  an d  for com - 
p lic a tio n s  of ch ro n ic  p an c rea titis  (p seu d o cy st, b iỉe d u c t 
o b s tru c tio n , an d  cluodenal o b s tru c tio n ) . T he m ost com - 
m ơn  ly p c rĩo rm ed  o p era tio n  for p a in  is the  la tera l pan- 
crea tico je ju n o sto m v  (m od iíìed  Puestovv p ro ce d u re ). 
T he d ila te d  pancrea tic  d u c t is lo n g itu d in a lly  incised  
a long  its  length  an d  o verla id  w ith  a d e fu n c tio n a lize d  
Roux lim b. The p ro c e d u re  carries low  ra te s  o f com pli- 
ca tio n s (5%) and  m o rta lỉty  (2% ). T he p an c rea tic  d u c t 
m u st u sua lly  be d ila ted  to  g rea ter th a n  5 ram ; hence , th is  
type o í surgerv  is co n s id ered  in  those  w ith  b ig -duct 
disease. A fter a P uestow  p ro c e d u re , im m ed ia te  pain  re- 
Ịie í occu rs  in  7 0 —90%  o f patien ts . Paín is con tro  11 ed  in  
on lv  50%  ạíler 1—3 years o f fo llow -up . In  som e cen iers, 
resec tio n  of all o r  p a r i o f the head o f th e  p an c reas  is 
com binecl vvith a d tic ta l clrainage p ro ce d u re . M orb id ity  
and  m orta lity  from  these  o p e ra tio n s  is h ig h c r th a n  th a i 
seen  w ilh  a P uestow  p ro ce d u re , b u i lo n g -te rm  pain  re- 
ỉief is also h igher. S ub to tal o r toial p an c rea iic  resections 
are rarcly  ìn d ica ted  an d  arc cu rren tlv  associa led  w ith  
u n accep tab le  p ọ sío p e ra tiv e  co m p lic ad o n s , p a rlicu la rlv  
b rittle  cliabetes m ellitus.

Treatment Ịor Pain

No singlc íherapy  is effective in all p a iie n ts  and  the 
choice o fa  trea tm en t d ep e n d s  on a varie ty  o f faclors. T he 
m ost im p o rta n t inc lude p an c rea tic  d ư c ta l ana tom y, 
p resen ce  of com plica tions, an d  local expertise . The 
first s te p  is 10 m a ke su re  the d iagnosis is  co rrec t. It is 
im vppropriate to co n s id er th e rap ies  w ith  p o ten tia l side 
e ílects o r  com p lica tio n s u n le ss  the d iag n o sis  is secure. 
S econd, it is w o rth w h ile  to look  íb r speciB c com plica- 
tions th a t have speciHc th erap y , su c h  as p an c rea tic  
p seudocyst, d ư o d en al o b s tru c tio n , c o m m o n  bile d u c t 
o b s tru c tio n , p ep tic  u lc e r  d isease , o r p an c rea tic  carci- 
nom a (these  are d iscu ssed  below ). M edica l th e rap y  is 
a p p ro p ria te  in  all pa tien ts . T h is sh o u ld  in c lu d e  en co u r- 
ag em en t o f abs tinence  from  a lco h o l (if ap p licab le ), a 
low -fat d ic t, and a n a lg e s iG s .  T he cho ice  o f  su b se q u en t 
therapy  d ep en d s in  large p a r t w h e ih e r  the  p a tíe n t has 
sn ia ll-đ u c t o r  b ig -duct d isease. In those w ith  sm a ll-d u c t 
d iscase, a tria l of high-close n o n -en te ric -co a ted  enzym es 
cơ ụ p led  w ith  acid su p p ress io n  is ap p ro p ria te . T reat- 
m en t o p tio n s  for those  w ith  b ỉg -d u ct d isease  a re  largely  
m echan ica ỉ, v v ith  e ith e r  en d o sco p ic  o r su rg ica l a ttem p ts  
to  d eeo m p ress  the  en larg ed  p an c rea tic  cluct. P atien ts  
WÌ10 fail the above th e rap ies  m av be co n s id ered  for

m ore ex p e rim em al ih e rap ies  such  as celiac p lexus 
b lock , sp lan ch n iccc to m y , o r o c treo tid e . S ign iíỉcan t pan- 
creatic  re se c tio n s  are co n s id ered  an  o p lio n  o ĩ la s t  reso rt 
in  b o th  g ro u p s  o f patien ts .

C O M P L IC A T IO N S  

Pancreatic P seudocyst

A p p ro x im ate ly  o n e -q u a rte r  o f p a tien ts  w ith  ch ro n ic  
p an c rea titis  d ev e lo p  a pseudocysl. M any pseudocysts 
rem ain  asym ptơ m atic . S ym ptom atic  p seu d o cy sts  m ay 
o b stru c t a su r ro u n d in g  h o llo w  viscus (d u o d e n u m  pro- 
d u c in g  nau sea  an d  v o m itin g  o r co m m o n  bi le d u c t p ro - 
d u c in g ja u n d ic e ) , m ay  cause p a in , m a v b lee d  (in te rn a lly  
o r  in  to  the g u t lu m e n ), o r m ay ru p tu re  (in to  the  peri- 
toneal cav ity  p ro d u c in g  p an c rea tic  ascites o r in to  the 
p leu ra l space p ro d u c in g  a p an c rea tic  p lcu ra l effusion). 
O verall, these co m p lica tio n s o cc u r in  ap p ro x im ate ly  
o n e -th ird  of p a tien ts . T he d iagnosis is b es t m ade w ith  
CT. T he d iagnosis  is usually  su sp ec ted  d u e  to a w ors- 
en in g  p a tte rn  o f  pa in , p e rs is ten t e leva tions in  am ylase o r 
lipase, o r  sy m p to m s p o in tin g  tovvard one o f the  above 
com plica tions.

N o t all p se u d o cy sts  req u ire  trea trnen t. T hose tha t 
are less th a n  ố c m  in  d iam eter, tha t are causing  no 
sym ptom s, an d  tha t o cc u r in a re liab le  p a tien i can  be 
safely observed . S yrnptom atic  p seu d o cy sts  can  be raan- 
aged w ith  p e rc u ta n e o u s , en d o sco p ic , o r su rg ica l decom - 
p ression , d e p e n d in g  o n  lo cạ tio n  ancl local expertise .

Tw o co rn p lica tio n s deserve speciHc m e n tio n . Bleed- 
ing  is rare  b u t  can  be  life-threaten.ing. B leed ing  can 
o cc u r from  a p se u d o an e u ry sm  associạ ted  w ith  a p seu d o - 
cyst. E v idence  o f g as tro in tes tin a l b leed ing  in a p a tien t 
w ith  a p séu d o cỵ st is u su a lly  trea ted  as an  em ergency . Ií 
in itia l ev a lu a tio n s do  n o t reveal a so u rce , an  em ergen t 
CT is p e r íb rm e d  to  lo ọ k  for a p se u d o an e u ry sm . C on- 
B rm ation  o f th e  p seu d ơ an eu ry sm  w ith  CT shouìcl be 
follow ed w ith  em erg en t ang iog raphv  an d  em bo lization . 
R u p tu re  o f a p seu d o cy st o r leak  from  the  p an c rea tic  đ u c t 
can  p ro d u ce  p an c rea tic  ascites o f a p an c rea tic  p leu ra l 
effusion. T hese  sh o u ld  bc su sp ec ted  w h en  a very  h igh 
level o f am ylase (typ ically  > 4 0 0 0  lU /liter) is fou n d  in  
ascites o r a p le u ra l effusion. E ndoscop ic  tre a tm e n t at 
ERCP, w ith  sp h in c te ro to m y  an d  s te n tin g , is u sua lly  cu- 
rative. S urgical th e ra p v  is reserved  for failure o f  endo - 
scopic the rapy .

P seudocysts  sh o u ld  n o t be m is tak e n  for cystic neo- 
p lasm s. T hese  n eo p lasm s u sually  ha  ve a th ick  wall o r 
in te rn a l n o d u le s  a lo n g  the w all, o ften  w ith  in te rn a l 
sep a ta tio n s. T h ẹy  m ost íreq u e n tly  o cc u r in  micldle- 
agecl w o m ẹn  w ith o u t p rev io u s p an c rea titis  an d  w ith - 
o u t r isk  fac to rs  for p ancreá titis . T hese n eo p lasm s are



íreq u e n tly  m isd iagnosed; the  the rapy  is resec tio n , n o t 
d rainage.

Gastrointestinal Bleeding

B leeding m ay occu r n o t on ly  as a co n seq u e n ce  o f  a 
p seu d o an eu ry sm  (as no ted  above) b u t also  from  th ro m - 
bosis o f the sp len ic  vein  as it travels b e h in d  the  pan - 
creas. T his p ro d u ces a *ìeft-sided” p o r ta l h y p e r te n s io n  
w ith  gastric  varices o u t o f p ro p o rtio n  to  esophageal 
varices. S p lenectom y is curativc.

Pancreatic Carcinoma

C hron ic  p an c rea titis  is a risk  ía c to r  for p an c rea tic  
acienocarcinom a an d  the  tw o m ay coex ist. T h e  overall 
risk  is app rox im ate ly  4% liỉetim e, a l th o u g h  th is  m ay 
increase lo 40% ío r those w ith  h e re d ita ry  p an c rea titis . 
T here  is no cu rren tly  effective sc re en in g  m e th o d , b u t 
su p e rim p o sed  ca rcinom a ís u sua lly  su sp e c te d  d u e  to 
vveight loss ơr a w o.rsening in  a p rev io u slv  stab le  pa in  
pa tte rn .

Duodenal or Comraon Bile Duct O bstruction

O b stru c tio n  of the d u o d e n u m  o r in tra p a n c re a tic  
co m m o n  bilc d u c t m ay occu r due  lo  fib rosis and  in ílam - 
m a tio n  w ith in  the heacl o f the p an c reas  o r  d u e  lo  an 
associa ted  pseudocyst. D uodenal o b s tru c tio n  p ro d u ce s  
nausea , v om iting , an d  earlv  sa tie ty  a n d  is b es t conGrme-d 
by a b a riu m  u p p e r g as tro in tes tin a l series. C o m m o n  bile 
d u c t o b s tru c tio n  can  p ro d u ce  ịau n d ice , b ilia ry  pain , 
cho lang itis , o r asym ptom atỉc  e leva tions in  liver chem - 
istries. These p a tien ts  m ay also ha  ve in tr in s ic  liver d is- 
ease, so a liver b iopsy  is u sua lly  in d ie a ted  be ío re  
dec id in g  o n  trea tm e n t for asy m p to m atic  e lev a tio n s in  
liver chem istries. All o th e r sy m p to m atic  p re se n ta tio n s  
req u ire  therapy . E ndoscop ic  b ilia ry  s te n tin g  is a n  ap- 
p ro p ria te  tem p o riz in g  m easu re  b u t these  p a tie n is  gen- 
erally  req u ire  su rg ica l b iliary  bypass.

Others

Sraall bow el bac tẹria l o verg row th  a n d  g as tro p a res is  
m ay com plicate  ch ro n ic  p ancreatitis . Both can  in te r íe re  
w ith  effective trea tm e n i of s te a to rrh ea  an d  g as tro p a res is  
m ay cause p a in  of its ow n  accord .
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Pancreatitis, Experimental Models
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acute pancreatitis Acute inílammatory disease of the 
pancreas.

caerulein An analogue of cholecvstokinin that, because it is 
more stable, is ưsed for secretagogue-induced pancrea- 
titis.

CDE diet Choline-đeíìcient diet supplemented with ethio- 
nine; this diet induces pancreatilis in le ma le mice. 

sodium taurochoiate A bile salt Lhat induces pancreatitis 
when irỹected retrograde in to the pancreatic duct. 

trypsin The pancreatic digestive enzvme whose premature 
áctivatiọn within the pancreas is a common íeature of 
various models of pancreatitis.

Acute pancreatitis is an inílammatory disease oí the 
pancreas that is associaied w ith little or no íibrosis. It 
can be initiatéd by several factors including gallstones, 
alcohol, trauma, and iníections and in som e cases it may 
be hereditary. Very oíten, the patients develop additional 
com plicatỉons, such as sepsis, shock, and respiratory and 
rcnal íailure, resultingin considcrable morbidity and mor- 
tality, Approximately 300 ,000  cases occur in the United 
States each year; som e 20% of cases are severe. Despite 
considerable w orkbeing carried out in this area, the path- 
ophysiological m echanisins associated with this disease 
still remain incom pletely understood. This can be attrib- 
uied in part to the relative inaccessibility of clinical ma- 
terial for experim ental studies and has therefore led to the 
developm ent of se-veral m odels o f experimental pancrea- 
titĩs to explore its etiology, pathophysioiogy, and treat- 
ment regimens. This article will focus on the experimental 
m odels used to study acute pancreatitis. For the sake of 
sim plicity, these m odels have been divided into two broad 
categories depending on the approach used to induce pan- 
creatitis, namely, noninvasive and invasive m odels.

N O N IN V A S IV E  M O D E L S  
O F PA N C R E A T IT IS

Secretagogue-Induced Pancreatitis

M ore th an  a ce n tu ry  ago, M o u re t observed  th a t ex- 
ccssive n eu ra l s tim u la tỉo n  resu lts  in  iĩý u rv  of the 
ex o c rin e  pancreas . S ub seq u en t s tu d ies  have n o t on ly  
co n íìrm ed  these íìnd ings b u t also  have sh o w n  tha t in

ad d itio n  to  s tim u la tio n  w ith  the cho linerg ic  agon ists 
(ca rb a m y lc h o lin e ) , excessive s tim u la tio n  w ith  chole- 
cy s to k in in  (C C K ) an d  its  ana logue , caeru le in , also re- 
su lts  in  ac u te  p an c rea titis . In fact> the ca e ru le in -in d u ced  
m o d e l has  b eco in e  the  m ost w idely  u sed  m ode l w ith  
w h ich  to  s tu d y  acu te  p an c rea titis  in  ro d en ts .

C C K  re c e p to rs  p resen t on  the  p an c rea tie  ac in a r cells 
ex ist in  tw o affin ity  sta tes— high  an d  low . O ccupancv  of 
h igh -affin ity  rec e p to rs  by low  co n c en tra tio n s  of CCK 
(o r c a e ru le in )  re su lts  in s tim u la tio n  of d igestive enzvm e 
se c re tio n , w h erea s  in te rac tio n  o f CCK w ith  low -affìnity  
rec e p to rs  re su lts  in  in h ib itio n  o f d igestỉve enzym e se- 
c re tio n . A cu te  p an c reạ titis  is incluced bv occupancy  of 
thcse  low -affin ity  recep to rs  by caeru le in  and  it can  bc 
p rev e n te d  by ad m in is tra tio n  of C C K -recep to r an tago- 
n is ts  (e.g ., L -364 -718  o r C C K -JM V -180, an  an tagon is t 
o f low -affin ity  CC K  recep to rs  in  rats).

A d m in is tra tio n  of caeru le in  to ro d en ts  at doses that 
a re  1 0 - to  1 0 0 -fo ld  h ig h er th an  those  th a t evoke m ax- 
im al se c re tio n  o f d igestive enzym es from  p ancrea tic  ac- 
in a r  cells re su h s  in  a rap id  dev e lo p m en t of p ancreatitis . 
S tim u la tio n  w ith  su p ram ax im a l co n c en tra tio n s  of CCK 
an d  ca rb am y lc h o lin e  can  also in d u ce  p an crea titis ; how - 
ever, c a e ru le in  is u sed  m ost ừ eq u en tly . C aeru le in  can  be 
g iven  in tra v en o u sly  a t doses suffìcien t to deliver 
5 —10 n g /k g /h  in  a c o n tin u o u s  in íu s ion . A lternatively  
an d  p e rh a p s  m o re  conven ien tly , p an c rea titis  can  also 
be  incluced  by  h o u rly  in tra p e rito n e a l o r sư b cu tan eo u s 
in je c tio n s , a l th o u g h  th is  a p p ro a ch  ís usua lly  n o t as re- 
liab le as in tra v e n o u s  in íu s io n s. P ancrea tic  in ịu ry  in  ra ts  
dev e lo p s rap id ly , increases w ith  the đ u ra tio n  o f infu- 
sion , a n d  is m a x im a l w ith in  12 h. T h is rela tive ly  m ild  
fo rm  o f p an c re ạ titis  is ch a rac te rized  bv m assive 
p a n c re a tic  ed e m a  (w h ich  can  be v isua lized  m acroscop- 
ically ), in c reased  se ru ra  levels o f p an c rea tic  enzym es 
(su ch  as am yiase an d  lipase), cy to skele ta l (ac tin ) reo r- 
gan iza tio n , a c in a r  cell vacuo liza tion , necrosis , an d  in- 
ílam m atio n . S trik ing ly , in tra -ac in a r cell ac tiva tion  of 
trv p s in o g e n  can  be  observed  w ith in  m in u ies  o f in itia- 
tio n  of ca e ru le in  in íu sion .

T h e  c a e ru le in -in d u c e d  m odcl has  becom e the 
m o d e l o f ch o ice  for s tu d y in g  p an c rea titis  in  m ice, par- 
tỉc u la rly  in  g en e tica lly  alterecl stra in s. F o r these slud ies,



p an c rea titis  is u su a lly  in d u c ed  by  ac lm in is traú o n  oí 8 to 
12 h o u rly  in tra p e r ito n e a l in ịe c tio n s  of c a e ru le in  (50  Ị.ig/ 
kg). T he re su ltin g  p an c re a titis  is m o re  severe in  m ice 
th a n  in  ra ts  a n d  afte r 1 2  irý ec tio n s of caeru le in , the  
p an c reas  dev e lo p s ex tensive  n ec ro sis  a n d  in ílam m atio n . 
T h is  n on invasive  m o d e l h as  also p ro v ed  to be a good 
m o d e l w ith  w h ich  to s tu d y  p an c rea titis -a sso c ia ted  lu n g  
in ju ry .

D ue to  its ease o f use an d  rep ro d u c ib ility , the 
ca e ru le in -in d u c e d  m odel has b ee n  ex tensive ly  used  to 
s tu d y  the p a th o p h y sio lo g ica l m ech an ism s invo lved  in  
pan c rea titis . Several re c e n t s tu d ie s  u s in g  th is  m odel 
have sh o w n  th a t One o f  the ea rlies t ev en ts  in  the 
o n se t o f p an c rea titis  is the co lo ca liza tio n  o f d igestive 
enzym e zym ogens an d  lysosom al h y d ro lases  in  large 
vacuo les observed  d u r in g  p an c rea titis . T h is  co localiza- 
tio n  co u ld  re su lt in  p re m a tu re  in tra -a c in a r  ac tiv a tio n  of 
try p s in o g e n  a n d  p e rh a p s  o th e r  d igestive  zym ogens, 
lead in g  to ac in a r cell irỹu ry . T h is  m o d e l has also 
b ee n  ex tensively  u se d  to e lu c id a te  the  ro le  o f heat 
sh o c k  p ro te in s  an d  in ílam m ato ry  m e d ia to rs  in  pancre- 
a titis  and  associa ted  lu n g  in ju ry .

O verall, the  ca e ru le in -in d u ce d  m o d e l is p ro b ab ly  
th e  m ost p o p u la r  ex p e rim en ta l m ode l o f  p an c rea titis  
b e c a u s e  it o f f e r s  S é v e r a l  a d v a n t a g e s :  i t  i s  v e r y  e a s y  

a n d  in ex p en siv e  to use , is non invasive , dev e lo p s rap id ly  
an d  rep ro d u c ib ly  in  m ice an d  rats, w h ich  are  easy to 
h an d le  an d  in a d d itio n , th e  severity  o f the  resư lting  
d isease can  be reg u la ted  an d  m a n ip u la ted . H ow ever, 
the  m ain  d raw b ack  o f th is  tnode l is its q u es tio n ab le  
c lin ica l rẹlevance.

Diet-Induced Pancreatitis

A d m in is tra tio n  o f  e th io n in e , th e  e th y l an a lo g u e  of 
m e th io n in e , w as in itia lly  sh o w n  to in d u c e  m ild  eđern- 
a to u s, n o n le th a l p an c rea titis  in  rats, ca ts , dogs, and  
m onkeys. S ubsequen tly , L o m b ard i an d  co -w o rk e rs  in  
1975 d eve loped  a m ode l o f acu te  n ec ro tiz in g  h em or- 
rh ag ic  p a n c rea titis  b y  íeed in g  a ch o lin e -d eR cien t e th i- 
o n in e -su p p lem e n te d  (C D E) d ie t to  y o u n g  fem ale m ice. 
H ow ever, th is  d isease  is le th a l an d  all the  m ice  d ie  w ith in  
5 days if  th ey  are fed the CDE d ie t aả libitum . L ater, th is 
p ro to c o l w as m odified  to  re d u c e  the m o rta lity  ra te to 
50  to  70%  by  lim itin g  d ie t co n su rn p tio n  a n d  íeed in g  the 
CD E d ỉe t for o n ly  24 h. T he m ice are ía sted  for 24  h 
b e ío re  a n d  after b e in g  g iven  the  CDE d ie t. E strogen  
an d  a re d u c e d  capac ity  to n eu tra liz e  ac u te  p an c rea titis  
enzym es p ro b ab ly  m ed ia te  the  sex d iffe rence in 
re sp o n se  to th e  d ie ta ry  reg im en.

Like the  secre tagogue  m ode l, th is  m odel has 
also  been  shovvn 10 be assoc ia ted  w ith  a defect in 
s tim u lu s—secre tio n  co u p lin g  a n d  the d igestive  enzvm e

zym ogens h a  ve b ee n  sh o w n  to  be co loca lized  w ith  the 
lysosom al enzym es w ith in  1 day o f th e  s ta r t  o f  the  CDE 
d ie t. T h is  m o d e l sh a re s  m any  h isto log ical a n d  b iochem - 
ical feat.ures w ith  c lin ica l p an c rea titis  in  h u m a n s  a n d  is 
also assoc ia ted  w ith  acu te  lu n g  irýury .

Arginine-Induced Pancreatitis

T h is  in íre q ụ e n tlv  u se d  m odel, o rig ina lly  d escribed  
by T an i an d  co -w o rk e rs  in  1990, involves ad m in istra - 
tio n  o f a single large intraperitoneal in ịection  o f  L-argi- 
n in e  to  ra ts  an d  re su lls  in  n ec ro tiz in g  p a n c reạ titis  th a t is 
less severe th a n  the CDE d ie t- in d u c e d  p an c rea titis . T he 
d isease evolves over a p e r io d  o f 72 h w ith  th e  in itia l 
ap p e a ran c e  o f sm all in tra ce llu la r  vesicles w ith in  6  h , a 
s ign ifican t e lev a tio n  in serư m  am ylase an d  lipase and  
ac in a r cell n ec ro sis  w ith in  24 h , a n d  a m a rk e d  in h ib itio n  
o f p ro te in  sy n th esis  w ith in  72 h  a íte r  a d m in is tra tio n  of 
th e  in jec tio n . C hanges in  ihe ac tin  cy to sk ele to n  are an  
early  c o m p o n e n t in  th is  m odel of p an c rea titis . It is also 
acco m p an ie d  by a s tress  resp o n se  w ith  a large increase 
in  hea t sh o c k  p ro te in s  27 an d  70. T he p an c reas  sta rts  
reco v erin g  by  7 days a n d  rega in s its n o rm a l Íu n c tio n  by
14 days. T he m e ch an isin  by w h ich  L - a r g in in e  in d u ces 
p an c rea titis  is n o t w ell unclerstood  a lth o u g h  it is likely 
th a t it ac ts  by  in d u c in g  an  in tra ce llu la r  stress response .

Im m une-Induced Pancreatitis

Im m u n e -in d u c e d  p an c rea titis  can  be in itia ted  by a 
S ch w artzm an n  o r a n  A rth u s type o f  reac tio n , by in jec- 
tion  of fo re ign  se ru m  in tra p e rito n e a lly  o r in to  the 
p an c rea tic  d u c t, a n d  by  the  in tra d u c ta l in jec tỉo n  of 
a n ti-p an c re a tic  b asem e n t m em b ran e  an tibod ies .

IN V A SIV E  M O D E L S OF P A N C R E A T IT IS

O b serv a tio n s ma.de as early  as 1856 by C laude B ernard  
an d  in  1901 by  O pie  la id  th e  ío u n d a tio n  for the  devel- 
o p m e n t o f  invasive m o d e ls  o f acu te  p an crea titis . O pie 
p ro p o sed  th e  “co m m o n  c h a n n e r  th eo ry  o n  the  basis of 
th e  a u to p sy  re su lts  o f  tw o p a tien ts  w ho d ie d  from  acu te  
n ec ro tiz in g  p an c re a titis  an d  w ere fo u n d  to have galì- 
s to n e s  im p a c ted  in  th e  am p u lla  o f V ater. A ccord ing  to 
th is  th eo ry , th e  s to n e s  o b s tru c te d  the  te rm in a l co m rao n  
c h a n n e l o f th e  b ile a n d  p an c rea tic  d u c ts  so th a t th e  bile 
coulcl n o w  re ílu x  in to  th e  p an c rea tic  d u c ta l svstem  and  
in itia te  p an c rea titis . A lth o u g h  several o b jec tio n s have 
b ee n  ra ised  a n d  a lte rn a tiv e  hy p o th eses  suggested , this 
hv p o th e s is  is s till a ccep ted  by m any as a valid exp lana- 
tion  for th e  tr ig g erin g  evení in  ga llstone  p ancreatitis . 
A lte rna tive ly , a s to n e  o n  passage in  t o the d u o d en u m  
s tre tch e s  the  sp h in c te r  o f O dd i, th u s  p e rm ittin g  reílux  
o f d u o d en a l co n ten ts  in to  the p an crea tic  ducí.



Yei an o th ér vvidelv accep ted  tlìeo ry  is based  on  the 
p rem ise tha t o b s tru c tio n  o f the  p an c rea tic  d u c t lead s 
to re ten tio n  of the p an c rea tic  ju ic e  w ith in  the p an c rea tic  
ductaỉ svstem  an d  th a t ru p tu re  o f the  in tra p a n c re a tic  
d u c ts  because of the  increasecl cluctal p ressu re  lead s to 
sp illing  of the p an c rea tic  ju ice co n ta in in g  the  cỉigestive 
enzym es in to  the  g land  itself, th e re b y  in itia tin g  a 
C a s c a d e  o f events re su ltin g  in  p an c rea titis .

F or the  m ost p art, these  ex p e rim en ta l m o d e ls  
have been clesigned to  test the va lid ity  o f the  a ío re - 
m en tio n ed  theo ries an d  th u s  in c lu d e  p e r íu s io n  o r re t- 
rograde in ịec tion  o f b ile  a n d  o th e r  ag en ts  in  to  the 
p ancreatic  duct, c o n s tru c tio n  o f a c lo sed  d u o d e n a l 
lo o p  to íacilita te re flu x  o f đ u o d e n a l c o n te n ts  in  to t he 
pancrea tic  du cta l system , an d  te m p o ra ry  o b s tru c tio n / 
lig-ation of the p an c re a tic  o r  b ilio p an c re a tic  d u c ta l 
System.

C losed D uodenal Loop

T his m odel, on e  o f the lỉrst e x p e rim en ia l m o d e ls  
o f acu te p an c rca litỉs  w h e n  it w as d esc rib ed  by Pfeffer 
ẹt al. i n  1957, ha-s u n d e rg o n e  a se ries  oí m o d iíica tio n s 
over the years a n d  is u sed  m a in ly  to es tab lish  the  etio l- 
ogy o ĩp an crea titis . In  th e ir  in id a ls tu d ie s , pfeffer a n d  co- 
vỵorkers, u sing  íasted  m o n g re l dogs, iso la te d  1 0  cm  of 
the  d u o d en u m  ju s t  b e y o n d  the  p y lo ru s  an d  ligated  the  
b ile  du ct so th a t the  closed  d u o d e n a l seg m en t com - 
m u n ỉca ted  w ith  th e  p an c rea tic  d u c ta l system . G astric  
ou tflow  w as reestab lish ed  by c-onstruction  o f a gas lro - 
je ju n o sto m y . U n d e r  these  co n d itio n s , ed e m a to u s  
changes w ere n o te d  afte r 4  h a n d  p a re n ch y m a l necro sis  
developed  betw een  9  an d  11 h  afte r th e  su rgery . H ow - 
ever, fat necrosis  a n d  in ỉla m m a tio n  oc-curred in íre - 
quen tly . The possib le  m e ch a n ism s o f  p an c re a titis  
in d u ced  using  th is  a p p ro a c h  in c lu d e  p an c rea tic  ische- 
m ia , o v erd is ten siõ n  of th e  d u o d e n a l lo o p , a n d  reflu x  of 
the  d u o d en a l c o n te n ts  in to  th e  p an c rea tic  d u c ta l system  
sin ce  p ancrea tic  d u c t  lig a tio n  o r  p an c rea tic  d u c t ca n n u - 
la tio n  am elio ra tes th e  ch an g es asso cia ted  w ith  p an c re -  
a titis  in  th is  m odel.

T he m odel has u n d e rg o n e  several ch an g es in c lu d in g  
p lacem en t o f an  in tra lu m e n a l tube in  the lig a ted  area 
to  m a in ta ỉn  in te s tin a l co n tin u ity , p e r íò rm in g  a gastro - 
je ju n o s to m y  an d  in se rt io n  o f a bypass c a n n u la  (H erre ra  
íìs tu la ), and iĩỷ e c tiọ n  o f in íec ted  b ile  o r  bile s a l t— 
trypsin  m ix tu re  in  to  the  c lo sed  loop.

Since the severity  o f p a n c re a titis  asso c ia ted  w ith  
th is  m odel is h ig h ly  variab le  an d  is assọ c ia ted  w ith  
little  o r no fat n ec ro sis  an d  in ílam m atio n , it is n o t 
un iversa lly  accep ted  as a m o d e l o f ac u te  p an c rea titis . 
F u rth e rm o re , its c lín ica l re levance s till rem a in s  to  be 
estab lished .

Retrograde Ductal Injection and 
Prograde Períusìon

A cute  p a n c re a titis  ca n  be  in d u c e d  in  re la tive ly  large 
an im als  (dogs, ca ts, p igs, ra ts)  by  c a n n u ỉa tin g  th e  p an - 
crea tic  d u c t a n d  re tro g rad e lv  in je c tin g  ag en ts  su c h  as 
ac tiva ted  d igestive  enzym es (try p s in , elastase , lipase , 
p h o sp h o lip a se  A ), b ile , b ile  p lu s  try p s in  o r the  p u rified  
b ile  sa lt, so d iu m  ta u ro c h o la te  a lone  o r  w ith  try p s ỉn , and  
ía tty  acids. T h e  c ritica l íe a tu re s  o f th is  m o d e l are  the 
p re ssu re  th a t is u se d  for in je c tin g  th ese  ag en ts  a n d  the 
íìn d in g  th a t th e  severity  o f p an c re a titis  is d irec tly  co r- 
re la ted  w ith  th e  p re ssu re  an d  the  v o lu m e o f  the  in jec ted  
m ateria l.

P e rh ap s  the  ea rlie s t m o d e l of ac u te  p an c re a titis  w as 
d e v e lo p e d in  1856  by  C lau d e B crn a rd , w ho  inject.ed olive
o il an d  b ile  re tro g rađ e ly  in to  the  p an c rea tic  d u c t o f the 
d o g  a n d  o bserved  th e  su b se q u e n t d e v e lo p m e n t o f pan - 
c rea litis . T h is  m o d e l is su itab le  to  s tu đ y  the  late b u t n o t 
th e  early  ev en ts  asso c ia ted  w ith  severe p an c rea titis . In an  
a tte m p t to  s tu d y  the  early  ev en ts  an d  to  re d u c e  the  severity  
o f  p an c rea titis , A ho an d  co -w o rk e rs  m o d iíìed  the  p ro -  
toco l by in je c tin g sm a ll v o lu m es o f  so d iu m  ta u ro c h o la te  
(3 to  5% ) o v er a  p e rio d  of 1 m in  in  rats. T he p an c rea titis  
in d u c e d  in  th is  case evolves slow ly  over a p e rio d  o f 72 h 
and  th e  severỉty  o f p a n c re a titis  c o rre la te s  d irec tly  w ith  
the  in jec ted  c o n c e n tra tio n  o f soclium  tau ro ch o la te .

P an c re a titis  o f severity  ran g in g  íro m  m ild  edem a- 
to u s to  n e c ro tiz in g  can  also  be in itia ted  in  large an im als  
su ch  as cats, p igs, dogs, a n d  p rim a tes  by c a n n u la tin g  
the  p an c rea tic  d ư c t an d  p ro g ra d e  p e r íu s in g  it w ith  a 
p e rm e ab ility -in c rea s in g  ag en t a t low  p ressu re  fo llow ed 
by  in fu s io n  o f in fec ted  b ile , h y d ro c h ìo r ic  ac id , a sp irin , 
b ile  sa lts, o r  even  ac tiv a te d  d igestive  enzym es. P eríu sio n  
o f the  last ag e n t in  c o m b in a tio n  w ith  p ro s tag lan d in  E2 
has b e e n  sh o w n  to  in d u c e  n e c ro tiz in g  p an c rea titis ,

Duct L igation/O bstruction  M odels

P an crea tic  d u c t  lig a tio n  o r  o b s tru c tio n  m o d e ls  w ere 
des ig n ed  to  re c a p itu la te  th e  ev en ts  th a t o cc u r d u r in g  
g a lls to n e  p a n c re a titis  in  h u m a n s . L iga tion  o r  te m p o rary  
o b s tru c tio n  o f th e  p a n c re a tic  d u c t in  m o s t an im als  re- 
su lts  in  p an c rea tic  ed em a , tn ild  in flam m atio n , a n d  ac- 
in a r ce ll ap o p to s is , u ltim a te ly  lead in g  to  a tro p h y  o f the  
g land . H ow ever, th e  severity  o f  th e  p an c rea titis  can  be 
e n h a n c e d  by  co m b in in g  d u c t lig a tio n  w ith  s tim u la tio n  
o f se c re tỉo n  a n d  p an c re a tic  ischem ia . M ost o f these 
s tu d ie s  hav e  b ee n  p e r íb rm e d  o n  rab b its  a n d  rats.

O n  th e  o th e r  h a n d , líga tion  o f the  p an c rea tic  d u c t o r 
o f th e  c o m m o n  b ilio p an c re a tic  d u c t o f  the  A m erican  
op o ssu m  re su lts  in  severe h e m o rrh ag ic  p an c rea titis , 
w h ich  is asso c ia ted  w íth  ac u te  lu n g  in ju ry  a n d  a



14-dav morta litv  rate of 100%. The o p o ssu m  is a very 
useful anim al for s tud ies  m im ick ing  gallstone pancrea-  
titis because its b iliopancreatic  ana tom v closely resem- 
bles that o f hum ans. H ow ever, un like  in h u m an s w here 
necro tiz ing  panc reaú t is  is focal and  restr ic tcd ,  in the 
opossum  it isd iffuse and  un iform ly  d is t r íhu ted  through- 
out the gland. In the opossum , pancreat ic  duc t  obstruc- 
tion appears  to be the sole car.se of p anc reaú t is  and  
n e i th e rb i l ia rv d u c t  obs truc t ion  n o rb i le re í lu x  isessential 
for tr iggering o r  w orsen ing  the severity of pancreatitis.

IN  V IT R O  M O D EL OF PA N C R E A T IT IS

Although pancreat i t is  is an in ílam m atory  dísease, manv 
of the early changes take place in pancreat ic  acinar cells. 
For example , in all m odels  of pancreatit is ,  in tra-acinar  
cell ac tivation of trypsinogen  is one of the earliest events 
that precede overt pancreatitis .  In o rder  to studv the 
m echan ism s of pathobiological events in it iated  in pan- 
crcatic acinar cells, an in v i t r o  m odel has been  developcd 
and has heen extensivelv used  in the pasl few years. In 
this m odel,  s t im ula tion  ot rai pancreat ic  acini with su- 
p ram axim al concen tra t ions  of caerulc in  results in intra- 
ac inar  cell ac tivation of trypsinogen.

For these studies, d ispersed pancreatic  acini are pre- 
pared from (reshly harvested  pancreas by collagenase 
digestion and genlle shearing. Acini thus  p repared  are 
m ore  than  95% viablc and  rem ain  healthy  for u p  to 24 h. 
These acini can be incubated  with  high ccmcenlrations 
of caeru le in  and  the result ing  acinar  cell changes can be 
m o n ito red . Such an  in vitro  red u c tio n is t a p p ro a th  has 
been useíul in s tudies des igned to e lucidate the mech- 
anism s involved in the activation  of irypsinogen  and the 
ensu ing  ac inar  cell irýury tha t  is observed  du r ing  pan-  
creatitis. F u rth e rm o re , s tu d ìes  using  th is in v itiv  m odel 
h a v e  shovvn th a i  a s u s t a in e d  r is e  in  in t r a c e l lu la r  c a lc iu m  

is rcqu ired  for ac tivation  of trvpsinogen  and  that inhi- 
b ition ot ca thepsin  B activity prevents  this activation.

C O N C L U S IO N S

A lthough  a n u m b e r  of m odels, bo th  invasive and  nonin- 
vasive, have been developed to s tudv  the differeni aspects 
of acute pancreatitis ,  there ís still no “perlect m ode l” that 
recapitu lates  the evenis occurring  d u r ing  clinical acute 
panc rea t iú s  in their  entireiv. N o tw íth s tand inơ  the short- 
com ings associated w ith  the m odels described  ahove, 
these exper im en ta l  app roaches  have he lped  greatlv in

unrave ling  the signaling events and the com plex  in te r-  
ac tion of acinar, nonacinar,  a n d  in í lam m atory  cells dur  - 
ing the in it iat ion  and  progression of this disease.

See A lso the Follow ing Article

Pancreatitis, Acute
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cation ic  trypsinogen Prccursor form o f  irypsin deíìned  bv its 
cationic (net p ositive) charge. 

hereditary pancreatitis Form  o f the d iseasé that appears to 
be acquired via an inheriied gene. 

pancreatitis Inílanrm ation o f the pancreas.

Hereditarv pancreatitis refers speciíically to othervvise 
unexplaỉned acute or chronic pancreatitis in an individual 
from a íamily in  which pancreatitis appears to be passed  
down from generation to gencration through an inherited 
gcne. Familial pancreaútis is a broader term that reỉers to 
pancreatitis of any cause in an individual from a family 
whose members develop pancreatitis ai a higher rate than 
would be expected by chance alone. Pamiliaỉ panereatitis 
may or may not bc caused by a genetic mutation. Hered- 
itury pancreatitis thereíore deíìnes a narrow, speciíỉc term 
whercas íamiliăl pancrcatitis is a broad, general term ihat 
also encom passes inherited types o f pancrcatitis.

C LIN IC A L FEATUR ES

P ancreatitis is in ílam m ation  ọ f th e  p an c reas . A cute 
p an crea titís  occu rs  w h en  no rm al p an c rea tic  tissue su d - 
den ly  becom es in ílam ed . ln ílam m alio n  is occas ionallv  
caused  by  a bac teria l o r viral in ỉe c tio n  o r by d irec t 
traum a to the ab d o m en . H ow ever, in  m o st c-ases, 
acu te  p an c rea titis  deve lops w hen  the  i n a  c ti ve p an c rea tic  
digestive enzym es becon ie  active in side  the  p an c reas  
ra th e r th an  in siđ e  the in testin e . In  th is  case, the  p an c reas  
ĩiterally  begins to d igest itsell, lead ing  to  severe in ílam - 
m ation. C h ro n ic  p an c rea titis  d escribes the  effects o f 
p ro lo n g ed  in ílam m atio n  in  w hich  the  n o rm a l p an c rea tic  
tissue is partia lly  o r com plete ly  d es tro y e d  a n d  rep la ce d  
w ith  scar tissue.

A typical d esc rip tio n  of h e red ita ry  p a n c rea titis  in - 
cìucles a fam'ily h is to ry  in  w h ich  the  o ld e r  g en e ra tio n s  
dcscribe liíe long  h is to rie s  of a ttacks o f ab d o m in a l pain  
b cg inn ing  in  ch ild h o o d . T he pain  o ften  b eco m es con - 
tin u o u s by  ad u lth o o d  o r  clisappears. In  m o re  severe  
cases, ch ro n ic  p an c rea titis  o r đ iabetes m e llitu s  devcl- 
0 |)S, and  p ancrea tic  can ce r (o r an ad e n o ca rc in o m a  o f 
u n k n o w n  orig in ) m ay be se en  after age 50 years. In  the  
y im nger genera tions , th e  ch ild h o o d  a ttack s w o u ld  be

d iag n o sed  as acu te  p an c rea titis . H ow ever, on ly  ab o u t 
h a lf  o f the  o ffsp ring  in  each  g en e ra tio n  develops the  
typ ical sym ptom s, an d  the  o th e r  h a lf  o f th e  íam ily 
tree  n ev e r has svm ptom s. In  som e cases, th e  sv m p to m s 
sk ip  a g en e ra tio n , d e m o n s tra tin g  th a t ab o u t one o u t of 
five p eo p le  vvith th e  p an c rea titis -c au sin g  gene m u ta tio n  
are  s ilen t ca rrie rs . T h is p a tte rn  of in h e ritan c e  is typical 
o f au to so n ia l d o m in a n t g enetic  d iso rd e rs  th a t are 
passed  from  g en e ra tio n  to  g en e ra tio n  th ro u g h  a single 
d eíec tive  gene.

T he ạverage p e rso n  in h e ritin g  a g ene m u la tlo n  caus- 
ing  h ered ita ry  p a n c rea titis  h as  sevcral sym ptom s. At 
ab o u t age 1 0  years they  beg in  d ev e lo p in g  a ttack s  ol 
severe ab d o m in a l p a in  cau sed  by acu le  pancrea titis . 
T he  exact age o f first a ttac k  in  an  in d iv id u a l can  vary 
from  ab o u t 1  year o ld  to  ad u lth o o đ , b u t usua lly  o ccu rs  
in  ch ildhoocì. The p a in  is ce n te re d  in th e  ep ig astriu m , 
w h ich  is ab o u t a th ird  o f  th e  w ay from  the rib  cage to the 
navel. T he p a in  o ften  inc reascs, b eg in n in g  as a p o o rly  
d esc rib ed  achc  vvith n au sea  an d  beco m in g  a very se ve re, 
s teady  p a in  w ith  n au sea  an d  vom iling . T he p a in  m ay 
e x ten d  to the b ack , to the sides (u su a llv  le ít), o r to the 
e n tire  abd o m en . Ít is u n u su a l to h a  ve fever o r  d ia rrh ea , 
an d  d u r in g  th e  a tta c k  th e  p e rso n  u sua lly  tries to  lie in  
a c u rle d  u p  p o s itio n  a n d  to rem a in  m o tio n less . T he 
a ttac k s  m ay last for 2 —3 clays (th is  is also  v ariab le), 
w ith  a ttac k s  u su a lly  o c c u rrin g  a co u p le  o f tim es a year.

L ater in  liíe, ab o u t 5 — 10 ỵears afte r th e  íirst a ttac k  o f 
acu te  p an c rea titis , u p  to h a lf  o f the in d iv id u a ls  w ith  
h e re d ita ry  p a n c rea titis  w ill develop  c h ro n ic  p an c rea ti-  
tis. T h e  sy m p to m s of ch ro n ic  p an c rea titis  in c lu d e  con- 
t in u o u s  ab d o m in a l pain , d ifficu lty  d ig estin g  food, b u lk y  
s too ls o r d ia rrh ea -lik e  sy m p to m s, an d  (la te r) d iab e tes  
m ellitu s. P alien ts  w ith  ch ro n ic  p an c rea titis  for several 
decad es are also su scep tib le  to  p an c rea tic  cancer, 
especially  if  th ey  sm o k e  c igarettes.

C A U SE S

T he íìrst ra u ta tio n  causing  h e re d ita ry  p an c rea titis  w as 
d isco v ered  in  1996 o n  ch ro m o so m e 7 w ith in  the cationic 
trỵpsinogen  gene, o r  P R SSL  T ry p s in o g en  is the inactive 
form  o f th e  p ro tc in -d ig e s tin g  enzym e try p sin , w h ich



cu ls p ro te in  chains at arg in ine  o r Ivsine am ino  acids. 
T rypsinogen  norm ally  becom es activaled to trypsin  
a íte r  passing in to  the in testine , and trypsin activates 
the o th e r inactive digestive enzym es inside the in testine , 
w here  ingested  food is digested . The hered itary  pancre- 
a titis  m u ta tio n  changes the DNA codc íor a key arg in ine 
am ino  acid (Symbol R) a t position  122 of the trypsin  
m olecu le  to code for the am ino  acid h istíd ine (svm bol 
H ), resu lting  in a “R 122H ” m u ta tion . A rginine 122 acts 
an  em ergency “fail-safe" se lf-destruction  site on the back 
side of the trypsin  m olecu le, a llow ing this digestive en- 
zym e to be elim inated  by a second  trypsìn  m olecule if 
the  trypsinogen  becom es active trypsin  inside the pan- 
creas. T his site is regu la ted  by calciurn, and in low cal- 
cium  concen tra tions the trypsin  will destroy itselí 
(e.g., w ith in  the ac in ar cell). whcn this sìte is m utated  
to h istid ine , ihe pancreatic  ac inar cells cannot elim inate 
p rem a tu re lv  activated  trypsin , w hich then activates 
o th e r  digestive enzym es. The prem atureỊy  active diges- 
tive enzym es begin d ígesting  the pancreas, lead ing  to 
acu te  pancreatitis . R epeaied ep isodes of acuie pancre- 
a titis  lead to severe scarring  oi rhe pancrcas, o r ch ron ic  
pancreatiiis . A bout iw o -th ird s  of the lầm ilies w ith  he- 
red ita ry  pancreatitis  have one of several know n cationic 
trypsin  m uiations, an d  the o th e r th ird  has u nknow n  
m uta tions.

D IA G N O S IS  A N D  TREATM ENT

T he diagnosis of h e red ita ry  pancreaú tis  is cu rren tly  
m a d e  b y  d i a g n o s i n g  p a n c r e a t i t ì s  in  t w o  or  m o r e  m e m -  

b ers  of a íam ily in two generations in vvhich o th e r causes 
have been  exc luded  (for exam plc, pancreaú tis  from gall- 
s t o n e s ) .  I n  a d d i t i o n ,  h e r e d i t a r y  p a n c r e a t i t i s  c a n  b e  d i -  

a g n o s e d  in  in d iv id u a ls  w ith  p a n crca t itis  th r o u g h  g e n e t ic  
testing . The two com m on  m u ta tio n s for vvhich testing  is 
reco m m en d ed  are the cation ic t r \ ' p s i n o g e n  R122H and 
N 21I m uta tions. M u ta tions in the trypsin  inh ib ito r gene 
( SPIN K 1 ) a n d  s o m e  m u t a t i o n s  in  t h e  c y s t i c  í ĩ b r o s i s  g e n e  

( CFTR) a rc  a l s o  s e e n  i n  p a n c r e a t i t i s ,  b u t  u s u a l l v  n o t  in

fam ilies w ith  hercd itarv  pancrea titis . M uta tions ín these 
genes are com m on, and a sìngle m u ta tion  does no t cause 
the pancreatitis  seen in h e red ita ry  pancreatitis .

C urren tly , there are no  speciRc, p roved  therap ies to 
p rcv en t or treai h e red ita ry  pancreatitis . Sm aller m eals, 
d iets lovv in  fat and  p ro te in , and v itam in  an d  an tio x id a n t 
supp lem en ts  have been reco m m en d ed  by som e experts, 
and are usually  no t d iscouraged . Sm oking cigarettes 
a n d  a l c o h o l  c o n s u m p t i o n  are  s t r o n g l v  d i s c o u r a g e c l  

because these factors p ro m o te  p an c rea titis  and  con trib - 
u te  to pancreatic  cancer. M ed ica tions to reduce stom ach  
acid, supp lem en ts co n ta in in g  pancreatic  enzym es, and 
even in su lin  inịectioris m av  be necessary  if ch ron ic  pan- 
creatilis develops. S urgery  m ay be necessary  to treat 
som e com plications.

S ee  A lso  th e F o llo w in g  A rtic le s

D iabetes M cllitus •  Pancreatic C ancer •  Pancreatitis, Acute • 
Pancreaútis, Chronic •  Trypsin
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acute p a n crea titis  A n  a c u te  in íla m m a to ry  c o n d it io n  o f  the  
p a n creas a sso c ia ted  w ith  a broaci varietv  o f  e t io lo g ie s  in  
ch ild ren .

chronic pancreatitis An inílammatory condition of the 
pancreas w ith  evidence o f  permanent an d  P rogressive  
morphological damage. 

h e r e d ita r v  p a n c r e a titis  A n a u to so m a l d o  m i nan  t clisease that  
accounts for 1 % of cases of boih chronic and recurrent 
p an creaù tis; g e n e t ic  m u ta tio n s  have b een  id e n tiiìe d  in  
cationic trypsinogen íor many patients. 

metabolic pancreatitis Pancreatic disorder related to ab- 
n o rm a lit ie s  su ch  as h y p e r lip iđ e m ia  or  h y p erca lcem ia , 
which can cause acuie or recurrent pancreatitis but 
which is extremely rare in pediatrics. 

pseudocyst A complication oí pancreatitis with a cystic 
stru ctu re  n ot linecl vvith e p ith e liu m , w h ic h  d is t in g u ish e s  
it ĩrom a true cvsl. Most commonly, the vvalls oí the cyst 
are ío rm ed  in  part b y  th e  sto m a ch , sp le e n , an d  p an creas. 

sphincterotom y Incision of the sphincter of Oddi (with 
reíerence to pancreatiús).

Pancreatic cỉisorders in  ch ildhood include congenital 
anatom ic and genetic d iso rd ers  as wcll as acquircd  disor- 
ders. M ost of these d iso rd ers  are rare. This article w ill 
focus 011 the various types of pancrcatitis and brieíly  
describe  the ir clinical characteristics.

A C U T E  PA N C R E A T IT IS

A cuie p an c rea titis  is a n  ac u te  in ílam m ato ry  c o n d itio n  of 
tb e  pancreas . It is a ssọ c ia tcd  w ith  a b ro ad  varie ty  of 
causes in  ch ild h o o d , in  co n tra s t to the  tw o m ain  causes 
oí gallstones and  a lcoho l in ad u lts  (Table 1). N early  20%  
oí p ed ia tric  cases o f p an c rea titis  are associa ted  w ith  
trau m a , ap p ro x im ate lv  1 0 % are associa ted  w ith  gall- 
s to n e s  o r  congen ita l s tru c tu ra ỉ ab n o rm alities  of the 
pan c rea tico -b ilia ry  d u c tu la r  system , ancl less than  5% 
are  associa ted  w ith  m ed ica tio n s; on ly  ra re ly  are cases 
asso c ia ted  w ith  m etab o lic  ab n o rm a lities  an d  b e tw een
15 an d  2 0 % have no  e x p lan a tio n  even after exhaustive  
ev a lu a tio n  (id io p a th ic ). O ver h a lf o f all ch ild ren  
w íth  p an c rea litis  have an  associated  system ic illness. 
O f those w ith  m u ltisy s tem  disease, be tw een  one- 
q u a r te r  an d  o n e - th ird  p re se n t vvith sepsis o r  shock ,

ap p ro x im a te ly  5% have an  associa ted  viral illness, 
an d  over h a lf  have a system ic illness, su ch  as a collagen 
vascu lar d isease  o r h ea rt d isease. In  ch ild ren  u n d e r  4

TABLE 1 R eported  C auses o f A cquired Pancreatitis 
in  C h ild ren

Trau ma
Biliary tract d isease  

G allstones
Structural abnorm alities (e .g ., ch o led och a l cyst) 

D rug-induced  
A zathioprine  
V alproic acid  
[-A sparaginase  
T hĩazides  
T etracyclines  
Sulíonam iclcs  
F urosem ide  
Estrogen  

in íection
M uraps v irus (un com m on  now )
E ntcrovirus  
E p ste in —Barr vỉrus  
H epatitis A virus  
C oxsack ie v iru s B 
Influenza A
M easìes (u n co m m o n  n ow )
L eptospirosis  
M ycop lasm osis  
T yphoid  fever  
A seariasis 
Malarỉa
Rubelỉa (u n eo m m o n  now )

M etaboỊic
P rotein -ca lorie  m alnutrition
H ypercalcem ia
R eye’s sy n d rom e (rare now )
H ypertrig lyceridem ia
C ystic fibrosis (pancreatic su ffìc ien cy)

M ỉscellaneỡus
H en och -Schở n lein  purpura 
System ic lu p u s erythem atosus 
Períorated d u od en al ulcer 
Kavvasaki d isease  
C ongen ita ỉ partial lipodystrophy  
Juven ile  tropical pancreatitis
F o llow in g  en d o seo p ic  retrograde cholangiopancreatography



years o f age, the fm al d iagnosís is rare ly  id io p a lh ic , an d  
in  ch ild ren  u n d e r  3 years o f age, all p a tien ts  w ill have an  
associa ted  system ic illness, su ch  as sepsis o r  shock.

T he in c id en ce  o f p an c rea titis  in  c h ild h o o d  has becn  
d ifficu lt to determ ine . A cute p an c rea titis  has been  an  
u n co m m o n  d iagnosis ạ t m ost p ed ia tric  in s titu tio n s. 
H ow ever> a recen t single in s titu tio n  revievv suggested  
th a t th e re  m ay be an  inc reasing  inc idence  w ith  betw een  
70 an d  100 new  cases o f p an c rea titis  n ow  iden tified  
each year. The sym ptom s at p resen ta tio n  are sim ilar 
to  those in  adu lts . Typically , ch ild ren  p resen t w ith  
ab d o m in al pa in  a n d /o r  vom iting . T he co m b in a tio n  of 
elevated  se rum  lipase an d  am ylase levels is reliable 
for the  d iagnosis o f p an c rea titis  in  ch ild ren . P ancrea- 
titis appears to  be less scvere in  ch ild ren  w ith  a low 
m o rta lity  co m p ared  to ad u lts  (nơ p rospec tive  stud ies 
available). H ow ever, severe m etabo lic  and  physical 
com plications, su ch  as h ypoalbum inem ia , hypocalce- 
m ia, pseudocysts , necrosis , p leu ra l effusions, an d  hyp- 
oxia, can  resull.

H em ơrrhag ic  p an c rea titis  is sa id  to o cc u r in  app rox - 
im ate ly  13% o f cases, b u t in  recen t experience  it appears 
to be less íreq u en t. Use o f R a n so n s  o r the  G lasgow  
crite ria  to assess severity  has n o t been  va lidated  for 
the ped ia tric  p o p u la tio n , bu t these c rite ria  ap p ear to 
be u se íu l in  p rov id ing  ev idence of com plications.

Pseudocyst-s are rep o rted  to o cc u r in  app ro x im ate ly  
15% o f ch ild ren  w ith  p an c rea titis  b u t lim ited  in ío rm a- 
tion  ab o u t th is com p lica tio n  is available. ư su a lly , the 
am ylase and  lipase levels are elevated  and  associated  
w ith  abdom inal pa in , em esis, an d /o r  íever.

T he m ainstay  of trea tm en t is sym ptom atic  an d  
sim ilar to  th a t in  adu lts.

C H R O N IC  PA N C R E A T IT IS

C h ro n ic  p an c rea titis  is an  in ílam m ato ry  co n d itio n  of the 
p an c reas w i t h  e v i d e n c e  of p e r m a n e n t  an d  P r o g r e s s i v e  

m orpho log ica l dam age observed  on b iopsv , au topsy , o r 
rad io log ical stud ies. C lin ically , it is cha rac te rized  by 
rec u rre n t o r p e rs is ten t abdom inal p a in  (80%  o f pa- 
tien ts). S tea to rrhea  an d  w eigh t loss m av also be p resen t. 
The in c id en ce  an d  p revalence o f th is co n d itio n  in  chi 1- 
d ren  are u n ce rta in  b u t ch ro n ic  p an c rea titis  is un- 
com m on. H ow ever, es tim ates in  ad u lts  suggest that 
the  p revalẹnce is betw een  1 an d  5% w ith  an inc idence 
o f close to 8  cases p e r  10 0 ,0 0 0  popu là tio n .

In ch ild ren , ch ro n ic  p an c rea titis  appears to  resu lt in 
tw o p rim ary  form s: ( 1 ) a ca lc iỉy ỉng  form  tha t can  be 
associa ted  w ith  h ered ita ry  pancrea titis , hypercalcem ia, 
hyperlip idem ia, c-ystic Rbrosis (w ith  p ancreatic  suffi- 
c iency), ju v en ile  trop ical pancrea títis , and  icliopathic 
p an c rea titis  an d  (2 ) an  obstructive  forin  (u n u su a l in

ch ild ren ) th a t is m ore  co m m o n ly  associa ted  w it h 
trau n ia , sc le ro sing  cho lang itis, sp h in c te r  ơ f O dd i d y s- 
íu n c tio n , congen ita l anom alies, id io p a th ic  fib ro s in g  
p an crea titis , an d  ch ro n ic  rena l failure. A u to im m u n e  
p an c rea titis  re su ltin g  in  ch ro n ic  p an c rea titis  has b e e n  
d esc rib ed  in  ad u lts  b u t, as o f th is  w riting , it has n o t b e e n  
recogn ized  in  ch ild ren .

G enetic  su scep tib ỉlity  to  ch ro n ic  p an c rea titis  a p -  
pears  to  be re la ted  to  m u ta tio n s  in  the  ca tion ic  try p s in -  
ogen  gene (PRSS1; see H ered ita ry  P an crea titis  b e lo w ), 
cystic Abrosis tran sm em b ran e  co n d u c ta n ce  re g u la to r  
(C F TR ), an d  po ly m o rp h ism s in  th e  serine  p ro tease  in -  
h ib ito r, Kazal type  1 (SPINK1). T hese  m u ta tio n s  do  n o t 
ac co u n t for all cases o f ch ro n ic  pancrea titis .

T rea tm en t is sym ptom atic  a n d  sim ila r to th a t 
used  in  adults.

HERED ITA RY  PA N C R E A T IT IS

H ereclitary p an c rea titis  is an  au to so m al d o m in a n t 
d iscase th a i acco u n ts  for 1 % o f cases o f b o th  ch ro n ic  
an d  rec u rren t p ancreatitis . T h e  d isease has been  
associa ted  w ith  m u ta tio n s in the  ca tion ic  try p sin o g en  
gene. In  ad d itío n , p o ly m o rp h ism s in  SPINK 1 ap p ear 
to  increase  the r isk  for the d ev e lo p m en t oí b o th  
íam ilial (h ercd ita ry ) an d  ch ro n ic  p an c rea titis  bu t no t 
p rim arily  cause it. C lin ically , th e re  is in co m p le te  pen - 
e tra n ce  w ith  variab ility  in  the age at p re se n ta tio n  and  the  
severity  o f sym ptom s. S ym ptom s can begin  as early  as 
the  íirst decade and are p resen t in  up  to 80%  o f aílec ted  
ind iv iduals  by 20  years o f age (ran g e  be tw een  1 1  m o n lh s 
an d  o ld  age). In itia ì a ttacks resem b le  those  o f acu te 
pancrea titis . O ver tim e, p a tie n ts  develop  signs and  
sy m p to m s m ore  typ ical o f eh ro n ic  p an c rea titis  a lth o u g h  
som e p a tien ts  w ill have ca lc ỉẼ cation  an d  som e evidence 
o f  a tro p h y  a t the  tim e o f first p resen ta tio n .

If h e re d ita rv  p an c rea titis  evo lves to ch ro n ic  pan- 
crea títỉs , som e p a tien ts  will develop  com plications 
m ore typ ical o f th is  ch ro n ic  d iso rd er, in c lu d in g  ílbrosis, 
d u c ta l ab n o rm alities , ca lc iíìca tions, d iabetes m elìitus 
( rep o rted  in  10—25% o f cases), s te a to rrh ea  an d  m aỉ- 
ab so rp tio n  (rep o rted  in  5 to 45%  o f cases), pseudocysts, 
an d  po rta l an d  sp len ic  ve in  th rom bosis . A m ore serious 
co m p lica tio n  is th a t o f p an c rea tic  cancer, w h ich  maự 
have a g rea ter than  50-fold  in c reased  in c id en ce  i:i 
p a tien ts  w ith  h e red iia rv  pancreatitis .

T h erap eu tic  in te rv en tio n s rem a in  sym ptom atic. 
T hus, the ap p ro ach es used  are  th e  sam e as those fcr 
o th e r ío rm s of pancrea tic  in ílam m atio n . A d d itio n a lb , 
an tio x id a n t cocktails are co m m on lv  p rescrỉbed . T h e n  
are lim ited  data  su p p o rtin g  th e ir  eííec tiveness in  í hô  
co n d ilỉo n , a lth o u g h  th e y  are re p o rted  to  be  effectiv? 
in re c u rre n t pancreatilis .



M E TA BO LIC  P A N C R E A T IT IS  

H yperlipidem ia

H yperlip idem ia is a rep o rted  cause o f p an c rea titis  
b u t ap p ears  to  bc exceed ing lv  rare  in p ed ia tric s . The 
re p o rted  in c id en ce  o f p an c rea titis  for each  type o f hv- 
p c rlip idem ia  is as follows: type 1, 35% ; type IV, 15%; 
an d  tvpe V, 3 0 —40% . T he p an c rea titis  ap p ears  to  be 
acu te  an d  rec u rren t. Use o f an  an tio x id a n t cocktail 
has been  re p o r te d  to s to p  re c u rre n t ep iso d es of pan c re - 
a titis  re la ted  to  h v p erlip id em ia . lf  trig lycerides arc ele- 
vated  d u r in g  a n  ep isode o f  acu te  p an c rea titis , they 
shoulcl be  reev alu a ted  afte r re so lu lio n  o f the  p an c rea títis  
to d e te rm in é  w h e th e r  an  u n d e rly in g  e r ro r  in  ỉipicỉ 
m etabo lism  is p resen t.

H ypercalcem ia

H yperca lcem ia is a rare  cause of p an c rea titis . l i  can 
resu ỉt from  a v arie ty  of d iso rd ers , in c lu d in g  to ta l par- 
en te ra l n u tr it io n , v itam in  D po iso n in g , sarco idosis, m et- 
as ta tic  b o n c  d isease , and  th c  Ín íu sion  (ia tro g en ic) of 
h igh  doses of ca lc ium . T he ro le o f p rim a ry  hy p erp a ra - 
th y ro id ism  in  e ith e r  acu te  o r ch ro n ic  p an c rea titis  is 
u n c lea r b u t ce rta in ly  is a ra re  cause. lt ap p ears  to o ccu r 
in 7 —15% o f all p a ù e n ts  w ith  h y p erp a ra th v ro id ism  ancỉ 
ac co u n ts  for less th a n  1 % o f  all cases o f p an c rea titis  in  
a d u lts  o r ch ild ren .

See Also the Follow ing Articles
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Paraneoplastic Syndrome
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c h ro n ic  in te s t in a l p se u d o -o b s tr u c t io n  A sy n d ro m e d u e  
to  a ía ilu re  o f  in te stin a l p r o p u ls io n  and ch aracterized  
by a c lin ica l p ic tu re  resem b lin g  m ech a n ica l ob stru ctio n  
in  the a b sen ce  o f  an y  le s io n  o c c lu d in g  the lu m e n  o f  
the gut.

e n ter ic  n e r v o u s  sy s te m  T he c o lle c t ío n  o f  n eu ro n s e m b ed -  
d ed  in  the w all o f  the g a stro in tesù n a l tract, õ rg a n ized  
in  iw o  m aịor g a n g lio n a ted  ( i .e ., the m ycn tcr ic  or 
A u erb a ch ’s and  su b m u c o sa l or M e is sn e r s )  p le x u se s  
an d  ab le to  co n tro l a ll d ig estiv e  (u n ctio n s , in c lu đ -  
in g  m o lility , a b so r p tio n /sc c r e iio n , se n s it iv iiy , and  
m icro c ircu la lío n . 

o n c o -n e u ra l  a n l ig e n s  A n ú g en s sh a red  by  tu m or cel ls  and  
n e u ra l tissues ih a l are likely  capab le  o f tríg g erin g  the 
im m u n e  resp o n se  in v o lv ed  in  the n eu r o p a lh o p h y s io lo g y  
o f  p a ra n eo p la slic  sy n d ro m e.

Paraneoplastic syndromes encom pass a wide array of clin- 
ical m aniíestations that may affect virtually all organs of 
the human body as a result of a system ic response evoked 
by a remote tumor. The gastrointestinal tract may be the 
target of a paraneoplastic syndrome evoked most com- 
monly by small-cell lung carcinoma, thymoma, and gyne- 
cological and breast tumors. Symptoms arising in this 
context include diarrhea, constipation, nausea, vomiting, 
and abdominal pain. These sym ptom s may precede the 
diagnosis o f the underlying neoplastic disease; thus, the 
differential diagnosis o f gastrointestinal inanifestations 
may also take into account the occurrence of a remote 
cancer. Syinptoms are the result of altered gastrointesti- 
nal secretory motor íunction related to an impairment of 
the intrinsic innervation supplying the gastrointestinal 
tract (i.e., the enteric nervous system ).

IN T R O D U C T IO N  A N D  
G EN ER A L FEA TU R ES

C ertain  tvpe.s of tu m o rs  express m olecu les, nam ely, 
o n co -n eu ra l an tigens, against w h ich  the im m une system  
reacts as p a rt oi the iram u n e-m ed ia ted  an ti-neop lastic  
response. T h is hum o ral and  ce ll-m ed iated  im m une re- 
sponse cross-reacts w ith  o n co -n eu ra l an tigens physio- 
logically expressed  bv the en teric  nerv o u s system , thus

lead ing  to d y sỉu n c tio n  and  s tru c tu ra l dam age. As a re- 
su lt, a severe p e rtu rb a tio n  of g astro in testinal m otility , 
rang ing  from  achalasia , gastroparesis , and  m egacolon  to 
ch ro n ic  in le stin a l p se u d o -o b stru c tio n , occurs. The his- 
topa tho log ical h a llm ark  of these m oto r d iso rđers is an  
in flam m atory  lym p h o -p lasm ace llu la r infiltrate w ith in  
the gang lionated  p lex u ses  o f the en teric  nervous system , 
m ainly  in the m yen teric  p lexus (o r A uerbach 's p lexus), 
T his h is to p a th o lo g ica l p ic tu re , referred  to as m yenteric  
gang lion itis, is associa ted  w ith degeneration  and loss 
of n eu ro n s, likely  re ílecting  the im m une-m ed iated  
irýu ry  w ith in  the  m yen teric  p lexus, th ro u g h o u t the 
g as tro in tes tin a l tract.

TYPES OF A N T I-N E U R O N A L  
A N T IB O D 1E S IN PA R A N EO PLA STIC  
SY N D R O M E

In ad d itio n  to a ce llu la r im m une response, several 
d istinctive  an ti-n eu ro n a l an tibod ies can be found in 
the se rum  of p a tien ts  w ith  paraneop lastic  dysm otility. 
D ep en d in g  on th e ir  m o lecu lar target, thcy  are referred  to 
as an ti-H u  (also k n o w n  as type 1 an ti-n eu ro n a l nuclear 
an tib o d ie s), anti-Yo (an ti-P u rk in je  cell cytoplasm ic an- 
tibod ies), P /Q -a n d N - ty p e C a 24 ch a n n e lan tíb o d ie s ,an d  
gang lion ic-type n ico tin ic  acety lcholine recep to r anti- 
bodies. A lthough  the  path o g en e tic  ro le p layed by anti- 
n eu ro n a l an tib o d ie s  in  en teric  n eu ro n a l dam age is still 
u n d e rin v e s tig a tio n , th e ird e te c tio n iso fg re a tim p o rian c e  
in the d iagnosis o f an  underly ing , often occult, tum or.

A nti-H u an tibod ies , usually  found  in the serum  
of p a tien ts  w ilh  p aran eo p lastic  encephalom yelitis/ 
su b acu te  senso ry  n eu ro p a th y , can  be also dctected  in 
p aran eo p lastic  g as tro in tes tina l dysm otility . The Hu an- 
tigens are four n erv o u s system -speciíic RNA-binding 
p ro te in s , w ith  a crucial ro le in  n eu ro n a l dcvelopm ent 
and  survival. Ít is p lausib le  that b ind ing  of autoanti- 
b od ies  to the en teric  n eu ro n a l Hu p ro te in s may plav 
a ro le in  the n eu ro n a l d vsíunc tion  underly ing  gastroin- 
testinal p aran eo p la s tic  syndrom e. A no ther class of ant!- 
n eu ro n a l an tib o d íe s  inc ludes the anti-voltage-gated



C a  c h a n n e l s ,  w h i c h  a r e  o f t e n  i d e n t i í ĩ e d  in  t h e  s e r u m  

ol  p a t i c n t s  w i t h  L a m b e r t - E a t o n  m v a s t h e n i c  s y n d r o m e  

a s s o c i a t e d  w i t h  s m a l l - c e l l  l u n g  c a r c i n o m a .  T h e s e  

a n i o a n t i b o d i e s ,  i n c l u d i n g  t h e  P / Q -  a n d  N - t y p e  C a 2+ 
c h a n n e l s  ( w h i c h  c o n t r o l  a c e t y l c h o l i n e  r e l e a s e ) ,  m a y  

also be involved in Central as well as autonom ic ner- 
vous System dysfunction  re la ted  to p aran eo p la stic  
s y n d r o m e s .  T o g e t h e r  w i t h  a n t i - H u  a n t i b o d i e s ,  t h e  

N - t v p e  a n t i - v o l t a g e - g a t e d  C a 24 c h a n n e l  a n t i b o d i e s  

a r e  t h e  m o s t  c o m m o n  a u t o a n t i b o d i e s  d e s c r i b e d  i n  

p a t i e n t s  w i t h  p a r a n e o p l a s t i c  dysm otility .
A n t i - Y o  a n t i b o d i e s ,  f o u n d  in  t h e  s e r u m  o f  p a t i e n t s  

w i t h  p a r a n e o p l a s t i c  c e r e b e l l a r  d e g e n e r a t i o n  a s  a m a n i -  

í e s t a t i o n  o f  g y n e c o l o g i c  o r  b r e a s t  c a n c e r ,  a r e  a l s o  

d e t e c i e d  i n  rare  c a s e s  o l  p a r a n e o p l a s t i c  g a s t r o i n t e s t i n a l  

d y s m o t i l i l v  r e l a t e d  to  o v a r i a n  c a r c i n o m a .  T h e s e  a n t i -  

b o d i e s  ta r g e t  t h e  Y o  ( r e c e n t l v  r e d e f i n e d  a s  c e r e b e l l a r  

đ e g e n e r a t i o n - r e l a t e d )  a n t i g e n s ,  w h i c h  e x c r t  a í u n c -  

t i o n a l  i n h i b í t i o n  o f  c -m y c  t r a n s c r i p t i o n a l  a c t i v i i y ,  l i k e l y  

i n d u c i n g  n e u r o n a l  d a m a g e  t h r o u g h  t h e  a c t i v a t i o n  o f  

a p o p t o s i s .

In  s e v e r e  g a s t r o i n i e s t i n a l  d y s m o t i l i l y ,  t h e  s u s p i c i o n  

o l  a p a r a n e o p l a s t i c  s y n d r o m e  s h o u l d  b e  a l w a y s  t a k e n  

i n t o  a c c o u n t .  T e s t i n g  fo r  n e u r o n a l  a u t o a n t i b o d i e s  

is  h e l p f u l  for  a c c u r a l e  d i a g n o s i s  o f  p a t i e n t s  w i t h

p a r a n c o p l a s t i c  s y n d r o m e .  P u r t h e r  r e s e a r c h  is  n e e d e d  

to  b e t t e r  c l a r i ĩ y  t h e  m e c h a n i s m s  u n d e r l y i n g  p a r a n e o -  

p l a s t i c - r e l a t e d  e n t e r i c  n e u r o p a t h y .

See Also the F ollow ing Articles
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R o d n e y  D .  Ai u m

ư n iv c r s í t y  o f  A r i zo n a  Collegc o f  M edicinc,  Tucson

c y s t  An e n v i r o n m e n t a l l y  s t a b le  l o r m  o f  t h e  life cyc le  o f  a 
p r o t o z o a n  th a t  r e p r o d u c e s  ạs e x u a l ly .  T h e  cvs t  h a s  a h a r d  
o u t e r  w a l l  a n d  is in v o lv e d  in t h e  t r a n s m i s s i o n  o l  the  
o r g a n i s m  f ro m  One h o s t  to  a n o th e r .  

d e f in i t i v e  h o s t  T h e  h o s t  in  w h i c h  a p a r a s i t e  a c h ie v e s  se x u a l  
m a lu r i t y .

interm ediate host For a p a ra s i t e  vvilh s e x u a l  r e p r o d u c t i o n ,  
ih i s  is a n  a d d i l i o n a l  h o s t ( s )  in w h i c h  a p a r a s i t e  đ e v e lo p s  
10 s o m e  e x i e n i ,  b u t  n o t  to  s e x u a l  m a tu r i t y .  

o o c y sl C y s t ic  Slage o f  t h e  A p i c o m p l e x a ,  r e s u l i i n g  f roni  
s p o r o g o n y  (e .g .,  P la s m o d iu m ,  C ry p to sp o r id iu m ,  Toxo-  
p la sm a ,  Cycỉửspora).  

parasilc A n  o r g a n i s m  th a t  is p h y s io lo g i c a l l y  d e p e n d e n t  o n  
a n o t h e r  o r g a n i s m  a n d  e x i r a c t s  its n u i r i e n t s  f ro m  th is  
h o s t .  M o r e  sp e c i í ìc a l ly ,  w h e n  th e  t e r m  is u s e d  for 
o r g a n i s m s  c o l o n i z i n g  h u m a n s ,  it I r e q u e n t l y  r e í e r s  to 
p r o l o z o a n s  a n d  h e l m i n t h s  a n d  s o m e ú m e s  e c i o p a r a s i t e s  
(e .g .,  ú c k s ,  l ice) .  

trophozoite  T h e  v e g e t a ú v e  o r  g r o w i n g  f o rm  o f  a n  o r g a n i s m ,  
u s e d  to d e s c r ib e  a n  a s e x u a l  s t a g é  o f  a p r o t o z o a n  
o r g a n i s m .

All the noncommensal (and perhaps commensal) bacte- 
ria, fungi, protozoa (or protists), and helm inths are par- 
asitic organisms when they colonize their human hosts. 
However, this article w ill be limited to the more com- 
monly used, narrow definition that includes only the 
protozoa and helminths. The parasitic diseases are mạjor 
causes of morbidity and mortality throughout the world, 
but strike the populations of the tropical and developing  
regions disproportionately. P ỉasm odium  /a lc ip a ru m , ihe 
species that causes m ost cases of fatal malaria, along 
with Mycobacterium  tubercu losis , is one of the two organ- 
ism s m ost likely to cause fatal iníection. Substantial dis- 
ease burden also results from numerous other protozoan 
and helm inthic organisms. This article vvill íocus prima- 
rily on those parasitic organisms that cause diseases with 
signiíìcant gastrointestinal manifestations.

IN T R O D U C T IO N

l n  a d d i t i o n  to  t h e  r e a d i l v  a p p a r e n t  d i f f e r e n c e s  in  b i o l o g y  

a n d  s i z e  o f  t h e  p r o t o z o a  in  c o m p a r i s o n  to  t h e  h e l m i n t h s ,  

t h e r e  a r e  a n u m b e r  o f  i m p o r t a n t  g e n e r a l i z a t i o n s  th a t  c a n

b e  m a d e  i n  r e g a r d  to  t h e  d i f f e r e n c e s  in  h u m a n  i n í e c ú o n s  

a n d  c l i n i c a l  m a n i f e s t a t i o n s .  A l l  o f  t h e  p r o t o z o a  th a t  are  

p a t h o g e n i c  for  h u m a n s  a re  m i c r o s c o p i c  u n i c c l l u l a r  o r -  

g a n i s m s  th a t  h a v e  t h e  a b i l i t y  to  r e p r o d u c e  a s e x u a l l y  

w i t h i n  t h e  h u m a n  h o s t  a n d  t h u s  h a v e  th e  p o t e n t i a l  to  

c a u s e  a v e r y  h i g h  d i s e a s e  b u r d e n  f r o m  a s i n g l e  i n o c n -  

l a t i n g  o r g a n i s m .  I n  c o n t r a s t ,  t h e  p a t h o g e n i c  h e l m i n t b s  

are m ulticellular organism s tliat replicate sexually in the 
d e B n i t i v e  h o s t  a n d  m a n y  r e q u i r e  at l e a s t  o n e  i n t e r m c -  

d i a t e  h o s t  to  c o m p l e t e  t h e i r  l i fe  c y c l e s .  T h e r e ĩ o r e ,  i h e y  

d o  n o t  m u l t i p l y  w i l h i n  t h e  h u m a n  h o s t ,  s o  t h e  d i s e a s e  

m a n i í e s t a t i o n s  a re  d e t e r m i n e d  b y  t h e  in i t ia l  i n o c u l u m  

s i z e ,  t h e  c h r o n i c i l y ,  a n d  t h e  h o s t  r e s p o n s e  to  t h e  i n í e c -  

l i o n .  M o s t  o f  t h e  h e l m i n t h s  d o  n o t  l i v e  i n  t h e  h u m a n  h o s t  

for  m o  re t h a n  s e v e r a l  y e a r s ,  s o  la te  c l i n i c a l  m a n i l e s t a -  

tions are generally  the residual o f earlier in íection  and 
i n í l a m m a t o r y  r e s p o n s e  r a t h e r  t h a n  o n g o i n g  i n f e c t i o n .  A 

c o r o l l a r y  o f  t h i s  p r ĩ n c i p l e  is  th a t  a c q u i r e d  i m m u n o d e -  

í ì c i e n c y  s y n d r o m e  ( A I D S )  a n d  o t h e r  í o r m s  o f  i m m u n o -  

c o m p r o m i s e  d o  n o t  r e s u l t  i n  t h e  m a r k e d l y  i n c r e a s e d  

d i s e a s e  b u r d e n  th a t  c a n  b e  s e e n  w i t h  p r o t o z o a ,  f u n g i ,  

or bacteria . T h e  m a j o r  e x c e p t io n  to t h i s  g en era l ru le  IS 
Strongyloid.es stcrcom ỉis, w h ich  has an autoinfection  
c y c l e  a n d  i s  a b le  to  r e p l i c a t e  to  v e r y  h i g h  n u m b e r s  in 

i m m u n o c o m p r o m i s e d  h u m a n  h o s t s ,  e s p e c i a l l y  t h o s e  

r e c e i v i n g  h i g h  d o s e s  o f  c o r t i c o s t e r o i d s .
B l o o d  e o s i n o p h i l i a  i s  c o m m o n  w i t h  i n v a s i v e  h e i-  

m i n t h  i n í e c t i o n s ,  ừ e q u e n t l y  r e a c h i n g  v e r y  h i g h  l e v e ' s  

( e . g . ,  3 0  to  5 0 %  o f  c a s e s ) .  T h e  d e g r e e  o f  e o s i n o p h i l i a  .s 

r e l a t i v e l y  m i l d  in  h e l m i n t h s  th a t  r e s i d e  i n  th e  g u t  lu m e n .  

P r o t o z o a n  p a t h o g e n s  t v p i c a l l y  d o  n o t  e v o k e  s ig n i í ìc a r . t  

b lood  eosinoph ília , b u t Entamoeba histolytica  iníectior.s 
do ĩreq u en tly  cause tissue eosinoph ilia . T h e m ost COIT- 
m o n  ( a n d  n o t  s o  c o m m o n )  m e d i c a l l v  im p o r ta r . t  

p r o t o z o a  are  l i s t e d  in  T a b l e  I a n d  t h e  h e l m i n t h s  are l i s te d  

in Table II. The su b seq u en t p o rtio n  of this arúcle  vvill 

give a b rie f d esc rip tio n  of the  parasites w ith significar:t 
g a s t r o i n t e s t i n a l  m a n i f e s t a ú o n s .  E v e n  for t h o s e  o r g a r -  

i s m s  v v i t h o u t  s i g n i f i c a n t  g a s i r o i n t e s t i n a l  m a n i l e s t a t i o n ; ,  

t h e  d ìagnosis m a y  b e  e s t a b l i s h e d  h v  i d e n t i í k a i i o n  o f  ú c  
o r g a n i s m  o r  i t s  e g g s  in  i n t e s t i n a l  o r  feca l  s a m p l e s .  T l  e 

p r g a n i s m s  for  vv h ich  t h e  d i a g n o s i ẫ  m a v  b e  m a d e  H  

g a s t r o i n t e s t i n a l  s a m p l e s  a re  l i s t e d  in  T a b le  HI.
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TABLE 111 Important Parasitic Infections Diagnosed from Gastrointestinal Samples

O rg a n is m T y p e  o f  s a m p le

P ro to z o a
Entamocba histolytica ld en t i í ìca t io n  of  cys ts  or  l ro p h o z o i te s  in feces or  colon  b iopsy  spcc im cns 

(a lso d o  sero logy)
Giardia lambỉia k le n ú f ic a t io n  of  cỵsts or  t r o p h o z o i te s  in  feces
Ciyptosporidiuni  parvum klen t i f ica t ion  of  oocys ts  in  Teces o r  m e ro z o i te s  in in test ina l  biopsies
'Cyclospora cavetanensis Id e m if ic a ú o n  of  oocys ts  in  Teces
ỉsóỊpora belli Id en t i l ĩca t ion  of  oocys ts  in íeces
Entcrocỵtozoon biencusi Id en t i i ìcaùo r t  o f  o rg an ism  in im es t in a l  b io p sy  or  fecal sam ple

H e lm in th s
Trichuris trichiura Iden t i í ĩca t ion  of  ova in tn ic roscop ic  e x a m in a t io n  of s tool
E n tcrobíus vermiculaiis ldcn t i f ica t io n  of p in w o r m s  in per ianal  r eg ion
Ascaris lumbricoides Iden t iR cat ion  of  ova in m ic ro sco p ic  exa in in a t io n  of s tool
Stm ngyio idcs  stercoralis Id en t iB ca t ion  of  larvae in leces o r  d u o d e n a l  con ten ts ;  p o o r  sensiiivitv, 

se ro log ic  s tu d ie s  s h o u ld  also  bc perlormecl
so

H o o k w o rm  (N. amerícanua  a n d  A. ditadenale) Iden t i í ìca t ion  ol ova in m ic ro sco p ic  e x a m in a l io n  of Slool
ằchistosoma  mansnni Idcn t iR cat ion  of  ova in  leccs o r  rectal  b iopsy ;  serologic s tu d ic s  are helpíul
Clotiorcltĩs sincnsis ld en t i í ica t io n  ()f ova in  leces u s in g  c o n c e n l r a t io n  lech n iq u es
FascioIa hcpatica ld e n t i í ìca t ion  ol ova o r  a du l l  w o rm s  in feces
Paragonim uí  \vcs tcrmani ldcn l i f ica t ion  o f  ova in m ic ro sco p ic  e x a m in a l io n  of  s iool
Tacnia solium ldcn t i í ica t io n  ol paras i te  p rog lo lt id s  o r  ova  in 1'eccs (ova ap pear  identrèál  

T. saginctta ova)
10

Taenia saginata Idcn t i í iea t ion  o f  p aras i te  p ro g lo i t id s  o r  ova  in ĩeces (ova  a p p ea r  idcnticai 
T. solium  ova)

lo

D íphyllobothrium latum UlemĩKéation of  paras i te  p ro g lo t t id s  or  ova  in ieces

PROTOZOA

T he p ro tozoa  have generally  b een  classiíìed  acco rd in g  lo 
m orpho log ic  c rile ria  in to  four m a jo r  g roups, the 
S porozoa, the  ílagellates, the am ebas, an d  the  ciliates. 
T he S porozoa form  a d iverse g roup  of o rgan ism s in  
te rm s o f the ir hosts , tran sm ission  cycles, tissue trop ism , 
and clinical m an iíe s ta tio n s , bu t clearly  fall in to  one 
clade o r genetic  g roup . In co n trast, the ílagellates 
form  several genetic  g roup íngs: th e  k in e to p la sts
(Trypanosom a  spp ., Leishm ania  sp p .), the d ip lo m o n ad s 
(G iardia ỉam blía), and  the tr ic h o m o n ad s  ( Trichomonas 
vaqinalis). En. /ìis ío ỉy tic a is th e m o sú m p o r ta n tp a th o g e n  
of the  am ebas. Baỉantidium  coỉi is rarely  a p a th o g en , 
bu t is íreq u e n tly  lis ted  since it is the  on ly  m edically  
im p o rta n i cilia te. In  a d d itio n  to these  four g roups, 
the m ic ro sp o rid ia  have em erged  as im p o rta n t p a tho - 
gens, especially  as co m p lica tio n s of h u m a n  im m u n o - 
deíiciencv  v iru s (HIV) in íec tion . T he m ic ro sp o rid ia  
m ay actua lly  be fungi, b u t will be ad d ressed  here 
s in c e  th e y  are c o m m o n ly  c o n s id e r e d  to  b e  p r o to z o a .  
In a d d it io n  to  th e  p a th o g e n ic  o r g a n ism s , a n u m b e r  o f  
p r o to z o a  are ử e q u e n t lv  id e n t i íìe d  in  feca l s p e c im e n s ,  
b u t are s e ld o m  or  n e v e r  a s s o c ia te d  w ith  d ise a se .  
B ỉastocystis  h o m in is  m a y  o c c a s io n a lly  b e  p a th o g e n ic ,  
a lth o u g h  th is  r em a in s  c o n tr o v e r s ia l.  E ntam ocba  coìi.

E n tam oeba  h a r tm a n n i , a n d  E ndo lim ax nanct, as w e ll  as 
a n u m b e r  o f  o th e r  o r g a n ism s , m ay be  ìd e n tiíìe d  in  feca l 
s p e c im e n s ,  b u t  are n o n p a th o g e n ic .

En. histolyticci is t h e  m o s t  ừ e q u en t parasitic cause o f  

l i f e - t h r e a t e n i n g  g a s t r o i n t e s t i n a l  d i s e a s e ,  r e s u l t i n g  in  

an  estim ated  10 0 ,0 0 0  d ea th s  p er year th ro u g h o u t the 
w orld . H u m an  in íe c tio n  is in itia ted  by ingestion of 
En. histolvíica  cysts via co n tam in ated  food or vvater or 
b y  d i r e c t  c o n t a c t  w i t h  i n f e c t e d  i n d i v i d u a l s .  T h e r e  are  

no k now n  n o n h u m a n  hosts , so zoono tic  transm ission 
d o e s  n o t  o c c u r .  A n  a c c u m u l a t i o n  o f  l i t e r a iu r e  s i n c e  

1978 has p ro v id ed  conv inc ing  evidence of pathogenic 
and  n o n p a th o g en ic  s tra in s  of En. histoỉytica, eventually  
resu ltin g  in the d iv is ion  of these organísm s in to  two 
species, the p a th o g en ic  En. histolytica  and the non- 
p a th o g en ic  En. dispar. T he two organism s appear the 
s a m e  m o r p h o l o g i c a l l y ,  s o  r o u t i n e  f e c a l  s p e c i m e n s  w i l l  

n o t d is tin g u ish  b e tw een  the two.
A fter  e x c y s ta t io n  in  th e  sm a ll in te s t in e , En. 

h is to ly tica  t r o p h o z o ite s  r ep lica te  in  th e  large in te stin e ,  
w h e r e  th e y  in g e s t  h o s t  ira m u n e  c e l ls  and ery th ro cv tes  
a n d  c a u se  t is su e  n e c r o s is .  ln fe c te d  p a tie n ts  have lo ca lly  
in v a s iv e  d is e a se  w ith  a b d o m in a l p a in , b lo o d v  diarrhea, 
a n d  tever . O c c a s io n a llv ,  th e  tr o p h o z o ite s  d issem in a :e  
b e v o n d  th e  large in te s t in e , m o st  c o m m o n ly  to  the



liver. Patients w ith  liver invo lvem en t have riglìt 
up p cr q u ad ran t abdom inal p a in  an d  fever an d  dis- 
crc te  lesions tha t can be id en tiíieđ  bv u ltra so u n d  or 
co m p u ted  lom ography  (C T) scann ing . T he R nding of 
liver abscesses in a p a iien t w ith  a co m p atib le  clin ical 
p rcsen ta tio n  w ho has an ti-am eb ic  a n tib o d ie s  is nearly  
d iagnostic  of am eb ic  liver abscess, b u t  pyogen ic  liver 
abscesses shou ld  be ru led  ou t in  p a tie n ts  w ith  negative 
sero log ic tcsts and  those w ho fail to re sp o n d  to ap p ro - 
p riate  m edical the rapy  (usually  m e tro n id az o le ).

A lthough the observa tion  o f Entam oeba  cysts in  fecal 
specim ens in fecal specim ens w ill n o t d is tin g u ish  bc- 
tw ecn  En. histọỉytica  ancỉ En. dispar  in íe c tio n s , the dis- 
covery  of tro p h o zo ites  engulR ng red  b lo o d  cells (RBCs) 
is d iagnostic  of En. histoỉytica  in íec tio n . RBCs are com - 
m o n ly  p resen t in  stoo l specim ens, b u t  w h ite  b lo o d  cells 
arc u n co m m o n , p robab ly  because th e  tro p h o zo ite s  in- 
gest th e  neu troph ils . In  invasive co lo n ic  d isease , an  an- 
tibody  response is found  in  over 90%  o f patien ts. 
A lthough  these are n o t p ro tec tive  an tib o d ie s , th e ir  m ea- 
su rem en t is verv u seíu l in the d iagnosis  o íam eb ias is . Up 
lo 99%  of patien ts w ith ex tra in te s tin a l am eb iasis  w ill 
d em o n stra te  an an tibodv  response.

G. ỉamblia  is a com m on cause o f d ia rrh ea l d isease 
w ith  m a ln u tritio n  an d  w eigh t ioss th ro u g h o u t the 
w orld . H uinan in íeclion  is in itia ted  w h en  the en v iro n - 
m cn ta lly  stable cysts are ingested , m o st co m m o n ly  via 
co n tam in ated  w ater o r hy d ire c t fecal—oral co n tac t, 
such  as may OCCUT in a day-care  cen te r. A lthough  
th e re  has been  considerab le  co n tro v e rsy  reg a rd in g  thc 
p o ten tia l role o f zoono tic  tran sm issio n , recen t m olecu- 
lar s tu d ies  allow  the conc lu sion  th a t m o st d og  and  live- 
s tock  G. ỉơmbỉia iso lates arc gene lically  d iffe ren t from  
h u  m an isolates, ind ica tin g  iha t these o rgan ism s are no t 
m a jo r sources o f h u  m an in íec tion . In  co n tra s t, cats an d  
beavers harb o r geno types th a t are  the sam e as the 
h u  m an isolates, leaving o p en  the possib ility  tha t 
h u m a n  in ícction  can  be acq u ired  from  these  an im als.

E xcystation  occu rs  in  the p ro x im a l sm all in te stin e , 
y ie ld in g  the clisease-causing tro p h o zo ite s  th a t rep licate  
in  the  sm all in testine . T ro p h o zo ites  a d h e re  to the in tes- 
tina l w all by m echan ica l su c tio n  g en e ra te d  by the ven- 
trai d isk . The m echan ism  of d ia rrh e a  is u n k n o w n , since  
invasion  does n o t occu r and no  to x in s have b een  iden - 
ũ fied. M any peop le  rem ain  asy m p to m atic , b u t  those  
w iih  sym ptom s have d ia rrhea  w ith  loose fou l-sm elling  
stoo ìs and  b loating . W eigh t loss is co m m o n  an d  
sym ptom s frequen tly  last w eeks o r m o n th s  in  the ab- 
sence of trea tm en t. In the U n ited  S tates, g ia rd iasis  
causes ap p ro x im ate ly  the sam e n u m b e r  o f hosp ita liza- 
tiơns as shigellosis. T he d iagnosis is u su a lly  es tab lish ed  
by th e  id e n tiíìca tio n  of cysts o r  tro p h o zo ite s  in íecal 
spec im ens o r by d e tec tio n  o f G ỉardia  an tig en s  in fecal

spec im ens, e ith e r  by in d irẹc t ílu o rescen t an tib o d y  
(IFA ) o r  by  en zy m e-lin k cd  im m u n o so rb e n t assay. 
T he d iag n o sis  can  so m e tim es  be m ade  u s in g  a s tr in g  
test in  w h ic h  p a tie n ts  sw allow  a capsu le  on  a string . 
A fter several h o u rs , the  capsu le  is e x a m in e d  m icroscop - 
ically  for the p resen ce  o f  G iardia  tro p h o zo ites . ín  pa- 
tien ts  w ith  p e rs is ten t d ia rrh ea  an d  m a lab so rp tio n  w ho 
have negative  fecal ex am in a tio n s, u p p e r  endoscopy  
w ith  sm all in testina l b iopsy  can  be u sed  to look  for 
ev idence o f g ia rd iasis  o r o th e r  sm all in te s tin a l d isease.

C rỵptosporidiưm  parvum  is an  ap ico co m p lex an  
o rg an ism  that w as reco g n ized  as an  im p o rta n t cause 
of d ia rrh ea  a íte r the  ad v en t o f the A1DS epidem ic. 
H u m an  iníeG tion re su lts  w h en  oơcysts are ingested , typ- 
ically  from  c o n ta m in a te d  w ater. T he in íe c tio n s  m ay be 
a c q u ired  frơm  o th e r  h u m a n s  o r  from  livestock . An ou t- 
b rea k  invo lv ing  an  e s tim a ted  4 0 0 ,0 0 0  p e rso n s  in 
M ilw aukee , W isco n sin , in  1993 m ay have resu lted  
from  h u m a n  o r  liveslock  co n ta m in a tio n  o f the w ater. 
In iìT ìm unocom pelent individuals, diarrhea w ith  loosc  
s to o ls  typ ically  lasts ap p ro x im ate ly  1 w eek. H ow ever, in 
p a tien ts  w ith  acỉvanced H1V in íec tio n , p ro íu se  w atery  
d ia rrh ea  m ay p e rs is t for m o n th s , lead in g  to d eh y d ra tio n . 
In  ad d itio n , c .  pcirvum m ay  rare ly  d issem in a te  to  the 
g a llb lad d er, ca u sin g  sy m p to m atic  b ilia ry  d isease . The 
asexual re p lic a tio n  o f m erozoit.es in  an  in tra ce llu la r, b u t 
ex tracy to p lasm ic  space in  sm alì in te s tin a l en d o th e lia l 
cells re su lts  in  the  sym p to m s. T h e  d iagnosis  o f  in te stin a l 
clisease is es tab lished  w hen  th e  oocvsts  are iden tiR ed  
in  íecal sam p les, e ith e r  by  ro u tin e  s ta in in g  o r  by acid- 
fast o r  Q uorescence an tib ơ d y  sta in ing . Candida  spp . can 
be co n íu sed  w ith  c. parvum  oocysts o n  ro u tin e  s ta in s, 
b u t the acid-fast s ta in  w ill easily  d is tin g u ish  the tw o, 
since  c . parvum  oocysts are acid-fast. T he d iagnosis  can 
also be es tab lish ed  by id e n tiíy in g  the m ero zo ites  in 
sm all in te s tin a l en d o th e lia l cells o b ta in ed  by in te stin a l 
b iopsy. T herc  is no  k n o w n  effective th e rap y  for cryp to - 
sp o rid io s is , so trea tra e n t is su p p o rtiv e .

Cỵclospora cayetanensỉs  is a rec en tly  iden tifìed  cause 
o f d ia rrh e a l illness in h u m a n s . I t  vvas in itia lly  th o u g h t to 
be a cyan o b ac te ria -lik e  o rg an ism  o r  a b lu e  g reen  alga, 
b u t in  1993, w as d esc rib ed  as a n  ap ico co m p lex an , 
w h ich  is closely  re la red  to the poviltrv p a th o g en s, the 
Eim eria  spp . C yclospo riasis  g a in ed  p ro m in e n e e  in  
th e  U n ite d  S tates w h e n  it w as associa ted  w ith  o u tb reak s 
of d ia rrh ea l d isease ac q u ired  from  im p o rte d  rasp b e rrie s  
in  th e  su m m er o f 1996 an d  su b se q u e n t sum m ers. 
H u m an  in íe c tio n s  are in itia ted  w hen  sp o ru la te d  oocysts 
are in g ested  fo llow ed by rep lica tio n  in  th e  sm all in tes- 
tine . D ia rrh ea  w ith  loose s to o ls  beg in s an  average of
1  w eek  after ex p o su re  an d  m ay last several w eeks in  
the absence  o f  the rapy . T he d iagnosis  is es tab lished  
by  id e n tiíy in g  the  oocysts in  fecal sp ec im en s  from



in ĩe c ted  p e rso n s  after ro u tin e  p rep a ra tio n  o r a íte r 
ac id -fast s ta in in g  o r by the d e tec tio n  of aut.ofluores.cing 
oocysts. To date, no n o n h u m a n  reservo irs have been  
iden tiB ed .

Trypanosom a cruzi is a zoono tic  o rg an ism  th a t in- 
fects a v a rie ty  of m am m als th ro u g h o u t m u ch  of South  
an d  C e n tra l A m erica and is tran sm itte d  from  one h o st to 
a n o th e r  by  th e  b ite  o f a R eduviid  (k issing) bug. H um ans 
are  acc id en ta l h osts  an d  no t p a r t o f the usual life cycle 
o f th e  o rgan ism . E p im astigo tes rep lica te  in  the R edu- 
v iid  bug , fo llow ed by d iíĩe ren tia tio n  in to  m etacyclic 
try p o m astig o tes . The in ĩection  resu lts  w hen  the 
m etacyclic  trypom astigo tes from  the insect feces gain 
access th ro u g h  a m u co u s m em brane  su ríace  or th ro u g h  
c o m p ro m ised  sk in . T he b ite  o f the in sec t is in tense ly  
p ru rit ic  a n d  the sc ra tch in g  tha t occu rs a íte r  the bite may 
a llow  th e  Tr. cruzi ep im astigo tes access. The o rgan ism s 
then  in v ad e  h o st cells, w here  they d iffe ren tia te  in to  
am astigo tes , rep lica te , and then  d iffe ren tia te  in to  
try p o m astig o te s  follow ed by cell ru p tu re  and  invasion  
of the  n e x t cell.

An ac u te  illness w ith  fever, local in ílam m atio n , an d  
so m e tim es  card ỉac  o r  Central n erv o u s system  (CN S) 
m a n iíe s ta tio n s  m ay resu lt. M ost of these  cases resolve 
sp o n ta n eo u sly . S ubsequen tly , w h e th e r o r no t sym ptom s 
are p re se n t acu te ly , som e p a tien ts  go on  to a p ro longed  
asy m p to m aiic  parasitem ia  (in d e te rm in a te  phase). Som e 
o f th o se  p a tien ts  go on  to develop ch ro n ic  C hagas’ 
d isease , so m etim es k n o w n  as m ega-gastro in testinal 
d isease . T h e  m ost com m on cause of m o rb id ity  and  m or- 
la lity  is ca rd io m y o p a th y  w ith  co n co m itan t ven tricu la r 
a rrh y th m ia s . The o th e r  m a jo r cause of m o rb id ity  is hy- 
p e r tro p h y  an d  d ila tio n  of the g as tro in tes tin a l tract, m ost 
co m m o n ly  the co lon  or esophagus. P atien ts  m ay th u s 
p re se n t w ith  severe co n s tip a tio n  or m egaco lon  or w ith  
severe d ysphag ia  and  regu rg ita tion . W h e n  the d iagnosis 
is su sp e c te d  in  som eone  w ith  an  ap p ro p ria te  exposu re  
h is to ry  a n d  clin ical synd rom e, sero log ic testing  will 
u sua lly  su p p o rt the clin ical d iagnosis. E ndogenous 
cases in  the  U nited  States have been  d o cu m en ted  rarely  
in  T exas, b u t cases have been  acqu ired  th ro u g h  organ 
tra n sp la n ts  from  in íected  ind iv iduals and m ay also 
occu-r by  b lo o d  transíu sion . A n ti-parasitic  trea tm e n t 
is so m e tim es  effective in  acu te in íections, b u t is ineffec- 
tive in  c h ro n ic  in íections. T herefo re , trea tm en t of 
ch ro n ic  in ĩe c tio n  is supportive .

T he m ic ro sp o rid ia  are cu rren tly  classiíied w ith  the 
p ro to zo a , b u t th e ir classification  is u n ce rta in  and  they 
m ay b e lo n g  to the íungi. T hey  are ob ligate  in trace llu la r 
o rg an ism s and  becam e recogn ized  as signiR cant h u m a n  
p a th o g en s  after the adven t o f the AIDS epidem ic. M any 
spec ies  from  m ultip le  genera have been  associa ted  w ith  
h u m a n  in fec tion . Enterocytozoon bieneusi is the m ost

co m m o n  m ic ro sp o rid ia l in ỉec tio n  in  A1DS p a tien ts  
an d  in ĩec ts  the sm all in te stin e , b iliary  trac t, an d  liver. 
P atien ts have d ia rrh ea  and  m a lab so rp tio n , w ith  the 
severity  an d  d u ra ũ o n  of d isease d ep e n d in g  on  the 
level o f im m u n o su p p ressio n . T he d iagnosis  can  be 
estab lished  by the  id en tiíìca tio n  o f  o rgan ism s in  
in testin a l b iopsy  sam ples, by e lec tro n  m icroscopy , o r 
by ro u tin e  h istochem ica l m ethods. S om etim es the or- 
gan ism s can be de tec ted  in  biliary , in te s tin a l, o r feeal 
íluids. O th er m ic ro sp o rid ia  cause p rim arily  d íssem i- 
na ted  or co rnea l disease.

HELMINTHS

T he h e lm in th s  th a i cause h u m an  in ícc tio n s a re  classi- 
fied as n em ato d es (ro u n d w o rm s), cestodes (fỉa tw orm s), 
an d  trem ato d es (Qukes). The n em ato d es are írequcn tly  
div ided  in te stin e  and  tissue-cỉw elling o rganism s.

Ascaris ỉumbricoides (roundvvorm ) in fec tio n  is inũi- 
atecl w hen  the ova are ingested  from  a n  environm encal 
sourcc . W hen  larvae h a tc h  from  the ova, they  m igrate 
th ro u g h  the lungs, som etim es resu ltin g  in eough  a^d 
p u lm o n ary  in íìltra tes. Blood eo s in o p h ilia  is com m on at 
th is  tim e. T he larvae are then  swallowe.d and  re tu rn  to 
the sm all in testin e  w here they  becom e ad u lt w o rn s . 
M ost in ỉec tio n s resu lt in  no g as tro in tes tin a l sy m p to n s , 
b u t heavy in íec tions can resu lt in  in testin a l o b stru c ti )Ĩ1 
d u e  to a m ass of a d u lt w orm s. B iliary tract invasion 
occu rs rarely , re su ltin g  in  acu te  abdom inal pain  a id  
b iliary  o b stru cd o n . In roundvvorm  in fec tions w ith  ao 
overt sym ptom s, m alab so rp tio n  is co m m o n , especially 
in  deve lop ing  areas.

H ookw orm  in fec tions are es tab lished  w hen  la n a e  
from  the so il p cn e tra te  the sk in  and  m ig ra te  th ro u g h  ihe 
lungs. T hey  arc then  sw allow ed to m ake the ir w ay to ihe 
sm all in testine . T he in itial phase of th e  in íec tio n  nay  
resu lt in  p ru ritis  at the site o f larval p e n e tra iio n  o r p il-  
m onary symptoms sim ilar to those of roundwơTn 
in íections. The m ajo rity  o f in íe c tio n s  do  n o t re s ilt 
in  g as tro in tes tin a l sym ptom s, b u t ab d o m in al p a n , 
d ia rrh ea , an d  m a lab so rp tio n  m ay be seen , espec i^ ly  
w ith  heavy in fections. The m ost im p o rta n t clin i:al 
consequence of in fec tion  is iro n  de íìc iency  anerria, 
w h ich  is p ro p o rtio n a l to the w o rm  b u rd e n  an d  is 
m ore severe w ith  O ld W o rld  h o o k w o rm s (Ancyỉostona  
duodenale) than  w ith  N ew  W o rỉd  h o o k w o rm s (N ecaor 
am ericanus).

Trichuris trichiura  (w h ipw orm ) in íec tio n s are in ti-  
ated  bỵ the  ingestion  of ova, follow ed bv h a tch in g  iito  
larvac in  the sm all in testin c  an d  m ig ra tio n  of the la r’ae 
to the large in testin e , w here  the ad u lt w orm  lays eg^s. 
M ost in íec tio n s ạre p robab ly  asym ptom atic , b u t heivy



in lec tio n s  can  resu lt in íron  deíic iencv  anem ia, dysen- 
tery, o r  rectal p ro lapsc .

Trichinelỉa  spiralis ín fec tions ( trich in o s is) are estab- 
lished  w h en  m eat tha t co n ta in s  larvae from  in íec ted  
m am m als  (e.g ., p igs, p o la r bears) is ingested . C ook ing  
an d  p ro lo n g ed  freezing kill the  larvae, so th e  risk  is 
g rea te s t from  fresh  raw  m eat. M ild g as tro in tes tin a l 
sy m p to m s m ay ensue w ith in  a w eek  after in íection , 
b u t  m o st p a tien ts  rem ain  asym ptom atic  a t th is stage. 
A íte r ap p ro x im a te ly  2 tơ 6 w eeks, larval m ig ra tio n  re- 
su lts  in  fever, headache , p e rio rb ita l o r ỉacial edem a, 
co n ju n c tiv itis , an d  neu ro lo g ic  sym ptom s. T he se ve ri ty 
o f illn ess  generally  co rre la tes  w ith  the  degree o f the 
in itia l in o cu lu m . E osinoph ilia  is p ro n o u n ce d . D eath  
m av o c c u r  from  h ea rt ía ilu re  o r CNS invo lvem ent. A 
su sp e c te d  d iagnosis m ay be su p p o rted  by sero log ic  test- 
ing  an d  coníirm ecỉ by the d e tec tio n  o f larvae in  m uscle 
b io p sy  specim ens. T re a tm en t consists  o f co rtico ste ro id s  
in  ad d itio n  to an ti-h e lm in th ic  therapy .

St. stercoralis  th ird -s tage  (L3) larvae- in so il in fect 
h u m a n s  b y  d irec t p en e ira tio n  o f in tac t sk in . They 
pass th ro u g h  the lu n g s an d  m a tu re  in  the  in testine  
in to  p a rth o g e n e tic  a d u lt w orm s, w h ich  lay eggs th a t 
h a tc h  in  th e  in te s tin e  to  form  LI larvae. T he LI larvae 
m ay  th e n  co m p le te  th e ir  life cycle in  the  soil. H ow ever, 
as p a r t o f th e  au to in íec tiv e  cycle, the  larvae can m atu re  
to th e  L3 stage in  the  in te s tin e  an d  m igra te to  a location  
in  the  in te s tin e  o r e lsew here . T he n u m b e r o f larvae in  
th e  typ ical Strongỵỉoides  in íec tio n  is sm all, b u t in  im- 
m u n o c o m p ro m ise d  hosts  (especia lly  those on  h igh  
d oses o f c o rtico s te ro id s  for p ro lo n g ed  p eriods of 
tim e), la rge  n u m b e rs  o f  larvae are  p ro d u ce d  th ro u g h  
th e  au to in íe c tiv e  cycle. T hese larvae m ay invade ex- 
tra in te s t in a l s ites su c h  as the  lu n g s an d  CNS, carry ing  
b ac te ria  w ith  th e m  as they  go. T hese b ac te ria  are ac tua lly  
th e  m a jo r  cause of m o rb ỉd ity  an d  m o rta lity  in  over- 
w h e lm in g  s trongy lo id iasis .

S ch is to so m iasis  refers to  d isease caused  by several 
species o f  th e  genus, Schistosoma. T he Schístosom a  spe- 
cies th a t in íe c t h u m a n s cause  m o st o f th e ir  d isease w h en  
the  a d u lt w o rm s lay eggs in  the v en o u s system  ío r w h ich  
thcy  are tro p ic , cau sin g  sca rrin g  an d  v en o u s o bstruc- 
tion . Schỉstosom a hem atobium  in íec ts  the b la d d e r an d  its 
v en o u s  sy stem , w hereas the o th e r  Schistosoma  species 
in le c t the g a s tro in te s tin a l system  and  are tro p ic  for p arts  
o f the  m e se n te ric  v en o u s system . T he m ost com m on  
cause  o f g a s tro in te s tin a l an d  m esen teric  in íec tio n  is 
Schistosơm a mansonU  th e  o th e rs  have sim ila r clin ical 
m a n iíe s ta tio n s , b u t vary in  th e ir  geog raph ic  d is tribu - 
tions. Sc. m ansoni in íe c tio n  is in itia ted  w hen  cercariae 
re leased  b y  the in term eciia te  h o st sna ỉl, w h ich  resides 
in  fre sh w ate r, p en e tra te  the  in tac t sk in . P ru ritis  
(sw im m er’s itch ) m ay develop  at the  ti m e o f cercaria l

p en e tra tio n , b u t is m ore  com m only  associa ted  w ith  
sch isto som es tha t do  no t in íec t hum ans; these  la tte r  
sch isto som es m ay be en c o u n te re d  in  the  U n ited  States. 
A pprox im ately  1 to  2 m o n th s  after a m assive Sc. m ansoni 
o r  Schistosom a ịaponicum  in fec tion , p a tien ts  m ay de- 
velop  a sy nd rom e w ith  acu te  fever w ith  system ic an d  
p u lm o n ary  sym ptom s, called  K atayam a fever. T hey  
have h epa tosp lenom egaly , ly m p h ad en o p a th y , an d  eo- 
sinoph ilia . M ost peop le  récover sp o n ta n eo u sly , b u t 
d ea th s  m ay occur, especially  w ith  Sc. japonicum .

H ow ever, m o st o f the  m o rb id ity  associa ted  w ith  
sch isto som e in íec tio n s  is clue to the  ch ro n ic  sc a rrin g  
th a t resu lts . T he deg ree  of scarring  is generally  p ro p o r-  
tiona l to the  w o rm  b u rd e n  and  egg o u tp u t o f the  
in fec tíng  organ ism s. T he cercariae tran s ỉo rm  in to  
sch isto som ulae , w h ich  first m ig ra te  to  the liver an d  
lungs an d  th en  to  the  in íe rio r m esen teric  p lex u s, 
w h ẹre  they  m a tu re  in  to  ad u lts  an d  lay th e ir  eggs. T he 
scarrin g  resu lts  in  e levated  sp len ic  an d  pơ rta l p re ssu re s  
w ith  sp lenom egaly  an d  porta l h y p erten sio n . T he 
d iagnosis can  be estab lished  by  the  id e n tiS ca tio n  of 
Sc. mansoni eggs in  íecal spec im ens o r in  rec ta l b iopsies. 
In endem ic areas, liver u ltra so u n d  is very effective in  
eva lua ting  the ex tern  o f h ep a tic  fibrosis re su h in g  from  
the ch ro n ic  in fec tion . S creen ing  is ím p o rta n t in  these 
areas, since a n ti-h e lm in th ic  trea tm e n t m ay e lim in a te  
the o rgan ism s an d  p rev e n t scarring , b u t does n o t reverse  
scarrin g  th a i has a lready  occưrred .

Cỉonorchis senensis is a liver ílukc ío u n d  in  ea s te rn  
Asia th a t in íects fish -eating  m am m als, vvhercas Fascioỉa 
hepatica  is ío u n d  in  sheep -ra ising  areas ih ro u g h o u t the 
w orld . H um an  in íe c tio n s  w ith  these parasites  m ay re su lt 
in  sy m p to m atic  b iliạry  clisease.

T he h u m a n  is th e  d e íin itive  h o st for Taenia sag ina ta , 
the b ee f tap ew o rm , an d  cattle are the in te rm ed ia te  hosts . 
H um an  in íec tio n s a re  generạlly  asym ptom atic , a lth o u g h  
m ild  ab d o m in a l p a in  o r d ia rrh ea  m ay resu lt. In fec tio n s 
m ay be d iagnosed  b y  íìn d in g  the eggs o r the p ro g lo ttid s  
in  fecal specim ens. W h e n  on ly  the  eggs are fo und , they  
c a n n o t be d is tin g u ish e d  m o rpho log ica lly  from  th o se  of 
Taenia solium.

H u m an s are n o rm a lly  the  defin itive h o sts  fo r Ta. 
soỉium , the p o rk  tapew orm . T he h u m a n  in íe c tio n  re su lts  
w h en  in ad eq u a te ly  cooked  m eat co n ta in in g  cy sticerc i 
( th e  larval form ) is ingested . T he tapew orm  th e n  m a- 
tu res in  the  in te s tin e  an d  lays eggs, w h ich  are p assed  in  
the feces to be ingested  by the p o rc in c  in te rm ed ia te  h ost. 
T h is form  of in íe c tio n  is rela tive ly  ín c o n seq u e n tia l. 
H ow ever> h u m a n s m ay develop  cysticercosis  w h e n  
they  becom e an  acc id en ta l in te rm ed ia te  h o st by  ingest- 
in g  eggs e ith e r  from  th e ir  ow n in íec tio n  o r from  a n o th e r  
source . T he larvae th e n  m igrate  to m u sc le s  o r 
b ra in , w h ere  they  ev en tu a lly  calciíy. T he in ílam m ato ry



re sp o n se  a n d  calci& cations o f cysterci in  the  b rain  m ay 
re su lt in  se izu res  o r o th e r  CNS m anifesta lions. In en- 
dem ic  areas , cysticercosis is the  m o st com m on  cause of 
a d u lt-o n se t seizures. C ysticercosis can  be cìiagnosed 
by  th e  classic clin ical findings as w ell as by 
se ro log ic  testing . P atien ts  m ay have s im u ìtan eo u s in tes- 
tinal in íe c tio n , so  fecal specim ens sh o u ld  be exam ined  
in  p a tie n ts  w ith  a new  cỉiagnosis o f cysticercosis.

C a n in es are the  deím itive  hosts o f the Echinococcus 
species a n d  the  in te rm ed ia te  h osts  vary  w ith  the species. 
Echinococcus granuỉosus causes h y d a tid  d isease an d  is 
the m o st co m m o n  species to  in fect hu m an s. D om estic  
d ogs a re  th e  usual deíìn itive  hosts  an d  sheep  an d  o th e r 
liv es to ck  an im als  are the  no rm al in te rm ed ia te  hosts , so 
th e  o rg an ism  is endem ic  in  m any g raz ing  areas. In  the 
U n ite d  S tates, m o st cases are ío u n d  in  sheep-g razing  
a reas o f S o u t h e r n  U tah an d  n o r th e rn  A rizona. H un ian  
in fec tio n s  are  in itia ted  w hen  peop le  ingest eggs from  
ca n in e  íeces, becom ing  acciden ta l in te rm ed ia te  hosts . 
T h e  eggs h a tc h  to form  oncospheres , w h ich  m igrate to 
th e ir  íìnal d es tin a tio n  to  form  larval cysts. The m ost 
co m m o n  lo ca tio n  is the  liver, b u t the  lungs or o th e r  
o rg an s  m ay also be involved. Sym ptom s usually  resu lt 
from  th e  space-occupy ing  effect o f the  cysts, b u t an 
a b ru p t o n se t o f ĩever w ith  h y p o ten sio n  o r even ana- 
ph y la x is  can  resu lt from  acc iden ta l ru p iu re  of a cyst. 
lm ag in g  w ith  u ltra so ư n d  o r  CT scan n in g  yields charac- 
te ris tic  resu lts  an d  the su spec ted  d iagnosis can be  con- 
íìrm e d  by  sero log ic testing . T herapy  m ay consist o í 
m ed ica l (albenclazole) a n d /o r  surg ical therapy  and  
sh o u ld  be ind iv idualized . W h en  needle asp ira tio n  or 
su rg ica l exc ision  of a possib le ech inococcal le sion  is 
p e r ío rm e d , care rnust be  taken  to  avoid  sp illing  the 
co n te n ts  in to  the  p ẽ rito n eu m , w h ich  cou ld  leacỉ to 
iiíe - th re a te n in g  anaphy lax is o r sp read ing  of the 
in íe c tio n . Echinococcus m ultilocularis  causes a rao  re ag- 
gressive disease (alveoiar hydalid d isease), since the 
cysts p ro d u c e  b u d s  th a t m etastasize th ro u g h o u t the 
bod y . A lth o u g h  liver lesions are  the m ost com m on  ỉe- 
sio n s , life -th rea ten in g  cerebral lesions m ay also resu lt. 
T h e  u su a l detìn itive hosts  o f Ec. muỉtỉlocularis are 
n o r th e rn  foxes an d  the  in te rm ed ia te  h osts  are the  ro- 
d e n ts  o n  w h ich  the  foxes feeđ; th e re ío re , the  o rganism  is 
en d e m ic  to  p a rts  o f the  A rctic and sub-A rctic reg ions.

S ee  A lso  th e  F o llo w in g  A r t ic le s
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Parasympathetic Innervation
J ackie D. W o o d

The Ohio State ưniversitỵ Coìỉege of Medirine and Public Health

dorsal vagal complex The parasym pathetic center in 
the brainstem  (m edulla  oblongata) where sensory  
signals from  the gut and m otor outflow  to the gut are 
integraied.

efferent n eu ro n  A neuron that transm its signals from the 
brain or spinaỉ cord to the gut.

Three d iv isions of the au tonom ic nervous system  
innervate the digestive tract. One is the parasympathetic 
division; the other two are the sympathetic and en- 
teric divisions. The parasympathetic division is sub- 
divided anatomically into the cranial and sacral 
divisions due to the neuroanatomic organization in 
which neurons that send fibers to the gut are located 
both in  the brainstem and in the sacrai region of the 
spinal cord. Projections to the digcstive tract from 
these regions o í the Central nervous system are termed 
preganglionic efferents.

PARASYMPATHETIC NEURONS

N èu ro n a l cell b o d ie s  o f the p ara sy m p ath e tic  cran ia l 
d iv is ion  re s id e  in  the m ed u lla  ob longa ta  and  p ro jec t 
o u t o f th e  b ra in  in  the  vagus nerves (see Fig. 1). 
C elì b o d ie s  o f the  sacral d iv is ion  are locateđ  in  the 
sacral reg io n  o í  the  sp ina l co rd  an d  p ro jec t in  the pelvic 
n e rv es to  th e  la rge in testine . E fferent íìbers in  the  pelvic 
n e rv es m a k e  sy n ap tic  co n tac t w ith  n e u ro n s  in  ganglia 
lo ea teđ  o n  th e  serosa l su ríace  of the co lon  an d  in 
ganglia  o f the  en teric  nerv o u s system  d ee p er w ith in  
th e  large in te s tin a l wall. E fferent vagal [ìbers form  
sy n a p tic  c o n n e c tio n s  w ith  n eu ro n s  o f the  en teric  
n e rv o u s  System in  the esophagus, sto m ach , sm all in tes- 
L in e , a n d  c o l o n ,  a s  w e l l  a s  i n  t h e  g a l l b l a đ d e r  a n d  

pancreas.

DORSAL VAGAL COMPLEX

C ell b o d ie s  o f efferen t vagal n eu ro n s  are in  the  do rsal 
m o to r  n u c le u s  o f the  m ed u llà  ob longata. T hey  are p a rt 
o f th e  d o rsa l vagal com plex , w h ich  consists  o f the  d o rsal 
m o to r  n u c le u s  o f the vagus, n u c leu s trac tu s  so lita riu s ,

Medulla Obỉongata

(D o rsa l V a g a l C o m p lex )

Sacral 
Spinal Cord

FIG U R E 1 The parasympathetic division of the autonom ỉc  
nervous system has cranial and sacral divisions. The cranial di V i

sion consists o f nerve cell bodies located in the medulla oblongata  
and the projections o f the vagus nerves to the digestive tract. Cell 
bodies of neurons o f the sacral division are positioned in the sacral 
region of the spinal cord. They project from the pelvic nerves to 
the large intestine.

area p o strem a, an d  n u c le u s  am b iguous. T he n u c le u s  
trac tu s  so lita riu s  h an d le s  the senso ry  iĩiío rm a tio n  en - 
te ring  the  b ra in  from  the gu t. T he area p o s trem a  is a 
chem ical sen so r th a t signals the  p resen ce  of agen ts in  the  
b lo o d  an d  the  n u c leu s  am b iguous consists  o f m o to r  
n eu ro n s , som e o f w h ich  p ro jec t to  in n e rv a te  the  
esophagus.

T he d o rsa l vagal com plex  i s  the C e n tr a l  in teg ra tiv e  
ce n te r  fo r the  ou tflow  o f signals from  the  b ra in  to  the  gu t. 
T h is ce n te r  in  the  b ra in  is m ore  d irec tly  invo lved  in  the 
co n tro l o f the spec ia lizeđ  d igestive ỉu n c tio n s  o f  the 
esophagus, the  s to m ach , an d  the íu n c tio n a l c lu s te r  o f 
the d u o d en u m , ga llb lad d er, an d  p ancreas th an  in  the 
d ista l sm all bow el an d  large in te stin e . T he c irc u its  in  
the do rsa l vagal co m p lex  and  th e ir  in te ra c tio n s  w ith  
h ig h e r  cen te rs  are  responsib le  for the  rap id  an d  m ore  
precise co n tro l re q u ire d  for ad ju s tm e n ts  to  rap id ly  
ch an g in g  c o n d itio n s  in  the u p p er d igestive trac t d u r in g  
an tic ip a tio n , ingestion , an d  d igestion  o f m eals o f  varied  
com position .



FUNCTION

Efferent nerves o f the cranial parasym pathetic  
d iv ision  transm it signals to the en teric  in n erv a tio n  of 
the gastro in testínal m uscu la tu re  to co n tro l digestive 
processes b o th  in an tic ipation  of food in take and  fol~ 
low ing the raeal. T his involves bo th  s tim u la tio n  and 
in h ib itio n  of con tractile  behavior in the stom ach , stim - 
u la tion  of gastric acid secretion , s tim u la tion  of pancre- 
atic secreúon , and con trac tion  of the gallb ladder. 
S tim ulaũon  of ìn h ib itio n  or con iraction  resu lts  from  
activation  o í the en teric  circu its that excite inh íb ito ry  
or excitatory  m o to r neu ro n s, respectively.

Parasym pathetic sacral efferents to the sm all and 
large in testinal m u scu la tu re  are p red o m in an tly  stim u- 
la tory  due to the ir in p u t to the en teric  ra ic roc ircu its  that

con tro l ihe activ ity  of excita tory  m o lo r neu rons. Signaỉls 
transm itied  by the sacral efferents are involved m ain lly  
in the in itia tion  of defecation.

S ee  A lso  th e  F o llo w in g  A r t ic le s

A utonom ic Innervation •  Brain—Gut A xis •  D efecation •  
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Parenteral Nutrition
D o u g l a s  w . W ilm o r e

B rig h a m  and  W o m e n ’s H osp ita ì a n d  H a rva rd  U n iversíty

en tera l G astro in testin a l íeed in g s , eith er by m o u th  or th rou gh  
a tube p laced  in  the s to m a ch  or in te sú n a l tract. 

parenteral nutrition T he in fu sio n  o f  all e ssen tia l n u tr ien ts  
by the in tra v en o u s rou te , b y p a ssin g  th e  gastro in -  
testin a l tract. A lso  referred  to as PN, tota l parenteral 
n u trition , artilĩc iá l n u tr iú o n , in tra v en o u s íeed in g s , or  
h y p era lim en ta tion . 

ton icity  A m easu re o f  the n u m b er o f  o sm o tic  p artic les w ith in  
a ílu id . Iso to n ic  refers to a sim ilar n u m b er o f  partic les  
in  an in tra v en o u s so lu t io n  and in ihe b lo o d  p lasm a. A 
hypertonic so lution  has a higher concen ư ation  of a  
so lu te  than is  fo u n d  in  b lood .

Parenteral nu trition  is a m elhod of íeeding patien ts by 
in íusing a m ixture of all necessary nu trien ts  into the cir- 
culatory system , thus bvpassing the gastro in testinal tract. 
This approach is also reíerred  to as in travenous nu trition , 
total parenteral nu trition , artiScial nu trition , and hyper- 
alim entaúon. This m ethod of nu tritional sup p o rt is uti- 
lized in patients w ho cannot eat or take nu trien ts  into the

intestinal tract by tube feedings. In o ther situations, th is  
m ethod of feeding is indicated  in patients who can n o t 
absorb  adequate n u trien ts due to g astro in testinal d iseasc , 
injury, or loss of the in testinal trac t and thereíore can 
receive nu trien is into the body only by in travenous 
iníusion.

BACKGROUND

In travenous íluids adn iin istered  to hosp italized  pa- 
tien ts usually  con tain  on ly  sugar (glucose, also re- 
ferred to as dex trose) and  som e m inerals (u sually  
only  salt, sod ium  ch lo ride). These so lu tions are sim - 
ilar in co n cen ư a tio n  (ton ic ity ) to b lood  plasm a an d  
there ío re  this in íu sa te  does not irýu re  the lin ing  o f the 
veins in the arm s th rough  w h ich  they are infused ( th is  
in ju ry  to veins is a process called  ph leb itis). AdditioiT- 
ally, the iso tonic so lu tions do n o t dam age ihe c ircu - 
laling  red blood cells. This m eans, how ever, tha t tlìe



so lu tio n s  can co n ta in  on ly  5 0 g o f g lucose  p e r liter of 
so lu tio n . Because the  usual ad u lt p a tien t req u ircs  on ly
2 -3  lite rs  o f so lu tio n  p e r  day to m a in ta in  no rm al 
h v d ra tio n . on lv  1 00—150 g of g lucose w ill be dclivered  
daily, p ro v id in g  ap p ro x im ate ly  4 0 0 —600  cal/day. T his 
am o u n t o f energy is in a d eq u a te  to m eet the  da ily  en- 
ergy req u irem en ts  o f the u sua l ad u lt, w h ich  usually  
range from  1500 to  2500  kcal/day , an d  these  needs 
m ay be íư rth e r  in c reased  clue to  d isease an d  vveight 
loss.

T he b re a k th ro u g h  in  the  d ev e lo p m ẹ n t o f p a ren te ra l 
n iitr i tio n  cam e on  tw o íron ts. F irs t, d ie ta ry  fat (soybean  
oil) w as cm ulsified  and p ro v id ed  as lip id  partic les, 
vvhich w ere  safe an d  w ell to le ra te d  w h en  ad m in is te red  
in travenously . N ex t, all o th e r  essen tia l n u tr ie n ts  (glu- 
cose, am in o  acids, e lec tro ly tes , v itam ins, an d  m inerals) 
w cre m ixcd  to g e th er to m ake  a h igh ly  co n een tra ted  
so lu tio n . T his n u tr ie n t  m ix  w as co m b in ed  w ith  the 
fat em u lsio n  and  in íu sed  slow ly in to  th e  su p e rio r  
ve na cava (thc  large vein t hat clrains b lo o d  from  the 
h e a d ,  u p p e r  chest, a n d  arm s in  t o  t h e  h e a r t ) v i a  a  C e n tr a l  

venous in íu s io n  ca th e ter. T he c o n c en tra ted  so lu lio n  
w as rap id ly  d ilu ted  by the  h ig h  level o f b lo o d  flow 
th ro u g h  the h ea rt an d  the  n u tr ie n ts  w ere  delivered  
by the b lơ o d stream  to  all o rg an s o í  the  body . In íu sio n  
of th is c o n c e n tra te d  so lu iio n  in to  a n  a rm  v ein  causes 
severe chem ical p h leb itis , re su ltin g  in  ex tensivé 
local in ílá in m atio n  an d  c lo ttin g  a t the  in íu s io n  si te. In- 
f u s i ọ n  t h r o u g h  th e  C e n tr a l  v en o u s c a t h e t e r ,  h o w e v e r ,  

alỉowecl ad eq u a te  n u tr ie n ts  to  be delivered  in  a reason - 
abỉe vo lu m e o f ílu id  w ith o u t th is  co m p lica tio n  
o c G u r r in g .

Ạ p p ro x im ate ly  35 years ago, resea rch e rs  dem o n - 
stra ted  th e  efficacy o f  th is ap p ro a ch  by íeecling beagle 
pup p ies  for u p  to 1  year en tire ly  by th e  in tra v en o u s  
rou te . N o rtn a l g ro w th  and d ev e lo p m e n t w ere  observed . 
N ex t, th e  m ix tu re  w as in íu sed  in to  an  in ía n t w h o  w as 
b o rn  w ith  on ly  a s h o r t  len g th  o f sm all in te s tin e , inacl- 
equate  to  m ain ta iri su fíic ien t ab so rp tio n . T he ch ild  w as 
su s ta in e d  by  in tra v en o u s  íeed ings fọr u p  to  2  years w hile  
surg ical c o rre c tio n  o f  the bow el w as u n d e rta k en . D uring  
th is  tim e, the  baby  also  d e ra o n s tra te d  n o rm a l g row th  
and  d ev e lo p raen t. T hese  w ere  the íìrst d e m o n s tra tio n s  
th a t by in íu s in g  all necessary  n u tr ie n ts  b y  the  in trave- 
n o u s  ro u te  an d  bỵpassing  the  g as tro in tes tin a l tra c t o f 
an  o rg an ism  n o rm a l g row th  an d  d ev e lo p m e n t co u ld  
be ach ieved .

INDICATIONS

In a d u lts , the general in d ic a tio n s  for p a re n te ra l íeed ings 
inc lude h o sp ita lized  p a tien ts  w ho c a n n o t take food 
o r tube ĩeed ing  ío rm u la s  by  the  en te ra l ro u te  (e.g.,

via thc in te stin a l trac t). In w ell-n o u rish ed  ind iv iduals , 
7 —10 ciaỵs o f co n v en tio n a l in tra v en o u s  su p p o rt (u sing  
5% d ex tro se  so lu tio n s) is generally  p ro v íd ed , b u t if  the 
p e rio d  o f p a rtia l s ta rv a tio n  is to e x ten d  bey o n d  th is 
tim e, p a ren te ra l n u  tri ti ơn  is ín d ic a ted  to p rev e n t the 
p o ten tia l co m p lica tio n s associa ted  w ith  m a ln u tr itio n . 
If the  d u ra tio n  of illness is k n o w n  to e x ten d  b ey o n d  
1 0  days, su c h  as occu rs  in p a tien ts  w ith  severe p ancre- 
a titis , m a jo r trau m a, o r b u rn  in ju ries , an d  en te ra l feed- 
ings are im possib le , p a re n te ra l n u tr itio n  is in itia ted  at an 
ea rlie r  stage in  the  h o sp ita l course . If the  p a tie n t is 
m a ln o u rish ed  as in d ica ted  by w eigh t loss, the feedings 
w ill also be s ta rte d  as so o n  as the  p a tien t h as  stab ilized . 
P reopera tive  p a tien ts  w ith  w e ig h t loss (g rea te r th an  
15% norrna l b o d y  w eigh t) w ho  c a n n o t take en te ra l feed- 
ings m ay also  b en e íit from  a cou rse  o f p a re n te ra l 
n u tr itio n  for 7 —10 days b e íb re  surgery .

ĩn d iv id u a ls  w h o  have u n d e rg o n e  m assive in te stin a l 
resec tio n  m ay also req u ire  p a re n te ra l n u tr itio n  as a form  
o f  l o n g - t e r m  n u t r i t i o n a l  s u p p o r t .  O th er -S  w i t h  i n í l a m -  

m a to ry  bow el d isease, severe m alab so rp tio n , ancỉ m o- 
tility  an d  o b stru c tiv e  d iso rd e rs  also ĩreq u en tly  req u ire  
su ch  in tra v en o u s  su p p o rt.

P re m atu re  in ían ts  have m in im al b o d y  s to res  o f acl- 
ipose  an d  lean  tissue  an d  o ften  req u ire  several w eeks of 
in tra v en o u s  íeed ings b e ío re  full en te ra l íeed in g  is pos- 
sible. T h ere ío re , p a ren te ra l n u tr it io n  is o íten  u tilize d  in  
these  in ỉa n ts  an d  those  req u ir in g  su rg ica l c o rre c tio n  of 
m a jo r g as tro in tes tin a ỉ anom alies.

N U T R IT IO N A L  R E Q U IR E M E N T S

In o rd e r  to p ro v id e  ad e q u a te  n u tr ie n ts  to  an  ind iv idual 
p a tien t, th e  speciíìc  n u tr itio n a l req u ire m e n ts  o f th e  in- 
d iv idual m u s t be d e te rm in ed . T hese n eed s m ay differ 
from  req u ire m e n ts  th a t w ere p re se n t d u r in g  h ea lth ; m al- 
n u tr it io n  is assoc ia ted  w ith  de íic its  th a t n eed  rep a ir  
a n d  m any  d iseases are  associa ted  w ith  in fec tio n  and  
in ílam m atio n  th a t im pose  inc reased  re q u irem en ts  for 
m any  n u  tri en  ts.

Energy

Basal energy  re q u irem en ts  a re  a íu n c tio n  of the  ind i- 
v id u a rs  w e ig h t, age, g en d e r, an d  ac tiv ity  level an d  the 
cỉisease p rocess. In  general, h o sp ita lized  a d u lts  req u ire  
ap p ro x im a te ly  2 5 —30 k ca l/k g /d ay  b u t these req u ire- 
m e n ts  m ay be g rea te r in  p a tien ts  w ith  in ju ry  o r in íe c tio n  
(see T able I).

Protein

P ro te in  (o r  am in o  acids, the  b u ild in g  b locks o f p ro - 
te in s) is  the íu n c tio n a l an d  s tru c tu ra l c o m p o n en t o f the



TABLE I Energy R equirem em s

Patient condition Basal m etabolic rate
Approximate energy requirem ent 

(kcal/kg/dav)

No postoperative com plications, gasiroinicstinal Normal 2 5 - 3 0
fìstula without iníection

Mild peritonitís, long-bone íracturo or miỉd to 25% above normal 3 0 - 3 5
moderate irỳury

Severe írỹury or ìníection 50% above normal 3 5 - 4 5
Burn 4 0 —100% o f tờtal body suríacc Up to 100% above normal 3 5 - 6 0

body. W ith  d isease , p o o r íoocl intake, and  inactiv ity , 
b o d y  p ro le in  is lo st a n d  individuals becom e w eak and  
w aste m usc le  m ass. P ro te in  requirem ents ío r m ost 
h ea lth y  in d iv id u a ls  a re  0 .8 g/kg/ciay (ap p ro x ím a te ly  
4 0 —70 g o f p ro te in /d ay ). Criticaliv ill p a tien ts  m ay 
need  1.5 — 2.0 g  pro tein /kg /dav  (ap p ro x im a te ly
6 0 —1 5 0 g /d ay ) d e p e n d in g  on the disease p rocess, b u t 
th is  a m o u n t is o ften  red u c ed  in patients w ith  k id n ey  o r 
liver d isease.

V i ta m in s  a n d  M in e ra ls

T hese re q u irem en ts  are u s u a l lv  met w hen  S t a n d a r d  

v o lu m es o f a n u tr ie n t  m ix are provided. ĩn c reased  
a m o u n ts  o f v itam in s are u s u a l l y  p ro v id ed  to  severely  
ill p a tie n ts  (T ab le  II) and  blood lcvcls are perio d ica lly  
đ e ie rm in e đ  to ad ju s t tbc in ín s ịọ n  l e v e l s  of m in era ls  
su c h  as so d iu m , po tassium , chloricle, p h o sp h o ro u s , 
m ag n esiu m , and  z inc. Trace elem ents are usua lly  
ad d e d  da ily  (T ab le  III).

APPLICATION  

T h e  S o lu t io n

T he p a tie n t is assessed  an d  the  n u tr itio n a l req u ire - 
m en ts  are d e te rm in e d  by a physic ian , d ie tic ian , o r o th e r  
sk illed  p rov ider. A p re sc rip tio n  is su b m itte d  to  th e  
p h a r m a c y  o r n u t r i t i o n - m i x i n g  S e r v ic e  f o r  a m i x t u r e  o f  

p are n te ra l n u tr ie n ts  to  be  com posed  íor th e  specific 
p a tien t. T he n u tr ie n ts  a re  u sua lly  p laced  in 2- to 3- 
lite r  p lastic  bags a n d  the co n te n ts  are in íu sed  daily  
(T able IV). A lte rna tive ly , p rem ix ed  so lu tio n s  can be 
tak en  off th e  sh e lí an d  u tilized  b u t the fixed n u tr ie n t 
co n c e n tra tio n  lim its  the versa tility  of th is  ap p ro a ch  in a 
h e te ro g en e o u s  p a tie n t p o p u la tio n .

T h e  C e n t r a l  V e n o u s  C a th e t e r

To ad m in is te r  th e  h igh ly  c o n c en tra ted  n u tr ie n t 
so lu tio n s , á c a th e te r  n iu st be p laced  in to  th e  Central 
v en o u s  system  w ith  its  tip  in  the su p e rio r  vena cava.

TABLE II V itam in Requirem cnts

Vitamin Units

Recom m ended đietary 
aIlowance (RDA) for 

daily oral intake
Daily requirement of 

the m oderately injured

Daily am onnt provided by 
S ta n d a rd  intervenous 

preparations

Vitamin A (retinol) IU 1760 (fem ales)—3300 (males) 5000 3300
Vitamịn D (ergocalciíerol) ĩư 2 0 0 400 2 0 0
Vitamin E (tocopherol) mg 8 -10 Unknown 10
Vitamín K (phylloquinone) ng 2 0 - 4 0 20 0
Vitamin c  (ascorbic acid) mg 60 75 100
Thiạmine (vitamin Bị) mg 1.0 —1.5 2 3
RiboAavin (vitamin Bt) mg 1 .2 -1 .7 2 3.6
Niacin mg 1 3 -1 9 20 40
Pyridoxine (vitamin Bò) mg 2.0 - 2.2 2 4
Pantothenic acid mó 4 - 7 18 15
Polic acid mg 0.4 1.5 0.4
Vi tam in B17 Mg 3.0 2 5
Bi 0 tin Mỗ 100-200 UnknơNvn 60



TABLE III Trace M ineral R equirem ents

Mineral
R ecom m en d ed  d ietary  allow an.ce (R D A ) 

for da ily  oral in tak e (m g)
S u ggested  d a ily  in traven ous  

in take (nig)

Zinc 15 2 .5 —5.0
C(’pper 2 - 3 0 .5 - 1 .5
M .mganese 2 .5  —5.0 0 .1 5 - 0 .8
Chrom ium 0 .0 5 - 0 .2 0 .01  -0 .0 1 5
Inm 10  (m ales) —18 (fem ales) 3

Such a ca th e te r can  be p laced  via the su b c lav ian  vein, 
th ro u g h  a neck  vein  (th e  ịu g u la r  vein  a p p ro a c h  is less 
dcsirable because o f  the h igh  ra te  o f asso c ia ted  in- 
íection), o r  by using  a long  c a th e te r  p laced  in  an  arm  
ve in and  then  th r e a d e d  in to  the C entral v e n o u s  
System  (a p e rip h e ra lly  in se rted  C e n t r a l  ca th e te r  
line) (Fig. 1). O nce th e  co rrec t p o sitio n  of the ca th - 
e tcr has been  es tab lished  (u su a lly  by X ray), the in- 
íusion can  begin.

Aciministration

To en su re  tha t th e  so lu tio n  is ad m in is te red  a t a 
co n tin u o u s  ra te, an  in fu sio n  p u m p  is u tilize d  to ad- 
m in iste r the so lu lio n . In h o sp ita lized  p a tien ts , in íu - 
sion  usually  occu rs  over 2 2 —2 4 h /d a y . In  am b u ỉa to ry  
horne p a tien ts , a d m in is tra tio n  u sually  o cc u rs  over- 
n ig h t (1 2 —16 h).

M onitoring

W ith  so lu tio n  in íu s io n , a varie ty  of d e te rm in a tio n s  
art‘ m ade to en su re  th a t the in d iv id u a l is resp o n d in g  
ap p ro p ria te ly  to  the in íu sa te . T h is siep  invo lves p rim a- 
rily the m e asu rem en t o f g lucose  in  the b lo o d  o r u rin e  
(u sing  tech n iq u es  s im ila r to  th o se  u tilize d  by d iab e tic  
patien ts w h e n  m o n ito rin g  su g a r levels) b u t  m o n ito rin g  
m ay be m u c h  m ore íreq u e n t an d  co m p lex  in  critica lly  
ill patien ts. U rine o u tp u t is m e asu red  over each  24 h

TABLE IV The C om position  o f a S tandard  L iter o f A dult 
Parenteral N utrien t S o lution

G lucose 150 g
A niino acids 42  g
Sodium 50 mEq
Chloride 6 0  mEq
Potassium 4 0  mEq
Phosphorous 1 5 m g
Acctate 75 m Eq
M agnesium 12 mEq
Sulíate 12 m Eq
Calcium 5 mEq
G hiconate 5 mEq

p e rio d . In h o sp ita lized  pa tien ts , these  m e asu rem en ts  
are u su a lly  p e río rm c d  by  a highly  tra in ed  nurse.

Variations Due to Age and D isease

F lu id  v o lum e an d  n u tr ie n t c o n c en tra tio n  m u st vary  
in  p ed ia tr ic  p a tie n ts  d ep en d in g  on  th e ir  age and  w eight. 
In  ad u lts  w ith  ab n o rm a l ílu id  loss, renal o r liver ĩa ilu re , 
o r  o th e r  m e tab o lic  d iso rd ers , special m ix tu re s  are 
c o m p o u n d e d  to  m eet specia lized  ílu id  an d  n u tr ie n t 
req u irem en ts .

PERIPH ERAL V E IN  N U T R IT IO N

S ligh tly  h y p e rio n ic  n u tr itio n  so lu tio n s  can  be p rep a re d  
from  com m erc ia lly  available ami.no acid  m ix tu re s  (5% ) 
d ex tro se  so lu tio n s  ( 1 0 % ), and  fat em u ls io n s  ( 2 0 %). 
T hese  n u tr ie n t m ix tu re s  have a low  ca lo ric  d en s ity  (ap- 
p ro x im a te ly  0.3 to 0 .6  kca l/m l) and  th u s  p rov ide on ly  
1200 to 2 3 0 0 k c a l/d a y  in  2000 to 3500  m l o f so lu tio n . 
T he advan tage to u sing  these d ilu te  n u tr ie n t m ix tu re s  is 
th a t they  can  be in íu sed  th ro u g h  a p lastic  ca n n u la  p laced  
i n  a  l a r g e - b o r e  a r m  v e i n ,  t h u s  a v o i đ i n g  t h e  C e n tr a l  c a t h -  

eter, T h is  ap p ro a c h  m ay be u se íu l in  th e  sh o rt te rm  or, 
co m b in ed  w ith  m in im al feedings a d n iin is te re d  Via the 
g as tro in te s tin a l trac t, th e  two m e th o d s  o f n u tr ie n t acl- 
m in is tra tio n  to g e th e r  m ay p ro v id e  ad eq u ate  n u tr ie n t 
re q u ire m e n ts  to a critica lly  ill p a tien t. T hese  so lu tio n s  
ten d  to cause p h le b itis  (in ílam m atio n ) o f  the  a rm  veins 
an d  th e  in ỉu s io n  si te m u st be in sp ec ted  ừ e q u e n d y  an d  
th e  in íu s io n  site  ch an g ed  every 4 8 —72 h. T hus, th is  
ap p ro a c h  is accep tab ìe  on ly  as a sh o r t- te rm  so lu tio n  
lo delivery  o f  ihe p a ren te ra l n u trien ls .

C O M P L IC A T IO N S  A N D  M O N IT O R IN G  

Catheter Care and Catheter Sepsis

A ỉth o u g h  it is n o t the m ost co m m o n  p ro b lem  re la ted  
to in tra v en o u s  feed ings, ca th e ter in íec tio n  is p ro b ab ly  
th e  m o st c o m m o n , se rio u s p ro b lem  re la ted  to  th is  
tech n iq u e . T he ca th e te r  is a p lastic  o r  Silastic tube 
th a t passes th rọ ụ g h  a sk in  p u n c tu re  site  and  th en  en te rs



FIG URE 1 (A) This is a Central venous catheter placed in the subclavian vcin with its úp in the
superior vena cava. (B) In the operatìng room, a catheler is inserted into thejugular vein in the neck 
and is directed into the superior vena cava. The distal porũon of the caửieter is tunneled under the skin 
to provide a subcutaneous tracl that will resist iníections. This device, which is inserted in patients 
requiring long-term (hom c) therapy, is often referred to as a Hickman catheter. (C) This fine plastic 
catheter is placeđ in an arm vein and is directed into ihc superior vena cava. This procedure is 
performed at the bedside, usually by a highly trained nursc. This approach is commonly reíerred 
to as a P1CC (perípherally insened Central catheter) line. (D) This catheter is burieđ entirely below the 
skin and has a circular porl covered by a rubber diaphragm, which is placcd just belovv ihc skin. The 
patient intermittenlly pierces the skin and underlyíng diaphragm wúh the iníusion needle in prep- 
aration lor the nutrienl intusion. The needlc is rcmoved at the termination o f the therapv, so that no 
extcrnal catheter is visible.

the  c ircu la to ry  (venous) System. T hus, the ca the ter 
en tran ce  sìte  m ay serve as a p o rta l for the en try  of bac- 
leria an d  o th e r  m ic roo rgan ism s in to  the body. In addi- 
tion , m anỵ ind iv iduals req u ir in g  this the rapv  have 
in ad eq u a te  m echan ism s to fight ìn fecúon , m aking  
these m a ln o u rish ed  or critically  ill pa tien is  all the

m ore vu lnerab le  to this com pletion  of ca the ter sepsis 
(in íec tio n ).

C a th e te r sepsis  is characterized  by the classic 
signs of in fec tion : chills, fever, and , o n  occasion, 
d ra inage a ro u n d  the  ca th e te r en trance  site. T h e  w hite 
b lood  cell co u n t is usually  elevated and  [requently



m icroorganism s are cu l tu rcd  from the b lo o d s t ream  or 
the ca the ter  tip. P orlunate lv ,  w ith  removal of the inỉu- 
sion catheter,  the sy m p to m s usua lly  abate ìn m ost pa- 
ticnts. A short course  of an t íb io tics  is then usually  
adequate  to clear the in íection. Hovvever, m any criti- 
cally ill patients have fever from  o the r  sources  (pneu-  
m onia  or w ound  in ĩections,  for exam ple )  and  the 
p resence of this sy m p to m  com plex  associa ted  w ith  
fever in a seriouslv ill p a t ien t  often  m akes  accurate  di- 
agnosis of ca the ter  in íec t ion  very difficult.

To preven t this com plica tion ,  a r igo rous  p rog ram  of 
ca the ter  care is followed. O nly  in travenous  n u tr i t io n  
so lu t ions  are adm in is te red  th ro u g h  the ca the ter  and  
no b lood  may be w ith d raw n  f rom  the catheter .  Two 
to th ree  times vveekly, the d ress ing  arouncl the ca the ter  
is removed and, u s ings te r i le  techn ique ,  the skin  a ro u n d  
thc en i rance  site is sc ru b b e d  to reduce  the  n u m b e r  of 
m icroorgan ism s on the skin, thus  decreas ing  the chance 
of ca the te r  iníection. The en t ra n ce  site is in spec ied  íor 
signs of  in í lam m ation  an d  dra inage  and  if p resen t,  cul- 
lu res  are usually  taken  o r  the  ca the te r  is rem oved . Slerile 
te rh n iq u e  is also util ized w hile  a t tach ing  a new  bag  of 
nu tr ien t  so lu tions to the ca the ter  for in ỉus ion .  C a the ter

care and  adm in is t ra t ion  o f  the n u tr ie n t  so lu t ion  are 
generally  carried  out by a speciallv tra ined  m e m b e r  of 
the n u rs ing  staff or a nurse  vvith expertise  in this fìeld 
assigned to the nu tr i t iona l  su p p o r t  Service.

M etabolic C om plications

A lthough  there is w ide po ten tia l  for p rob lem s 
(Table V) because of the variability  in the p a t ien t’s clin- 
ical s ta tus, m etabolic  com plica tions  are generally  min-  
im ized by the  ad h e ren ce  to a str ic t  m o n í to r in g  p ro toco l 
(Tablc VI).

The m a jo r  co n c ern  is the o cc u rre n ce  of 
hyperg lycem ia  (an elevated  b lood  sugar) ,  w h ich  is as- 
sociated  w ith  the ìn íus ion  of excess g lucose in the feed- 
i n g  s o l u t i o n  o r  t h e  d i a b e t i c - l i k e  S ta te  i n  i h e  p a t i e n t  

associa ted  w ith  m anv  critical illnesses. Hyperg lycem ia 
can resu lt  in an  osm otic  d iuresis  (abno r ina l  loss of  fluid 
via ihe k idney),  d ehyd ra t ion ,  a n d  h y p erosm ot ic  com a. A 
d íagnosis  is m ade  by the presence  of  elevated blood 
g lucose levels and  the d e tec t io n  of sugar  in the urine. 
w h e n  this com plica tion  occurs ,  the in íu s ion  so lu t ion  
mav be re ío rm u la te d  to decrease  the a m o u n t  of in tused

TABLE V Some IVLetabolic C om plications of P aren tera l N utrition

Problem s P ossib le  cau ses S o lu tio n

G lu cose
H ypcrglyceniia, glycosuria, osm otic E xcess q uan lity  o f  g lu cosc  in íused; R cduce quanity o f g lu cosc  in íused

d iurcsis, hyperosm ola n on k etotic inadeqnate en d o g en o u s insu lin;
d ehydration , and co ma increased g lu cocortico id s; sepsis

K etaocidosis in d iabetes m ellitus Inadequate ắ n d o gen ou s in su lin  response; A dm in ister ex o g en o u s insulin;
inadequatc ex o g en o u s insu lin  iherapy rcducc g lucosc

Fal
A ltered coagulation H vpcrlip ìdcm ia D ecrease adm inistration  ratc
H ypertriglyceridem ia Rapid in íusion; decrcased clearance D ecrcase adm in islration  rate
Im paired liver íunction May bc caused  hy fat em u lsion  or hy an C onsider in íu sio n s for on ly

u nderlying d isease process 16 — 18 h/day
lĩsscntial íauv acid d eíìc ien cv Inadequate essentia l fatty acid  

adm inistration
A dm inister la! em u lsion

A niino acid s
Serum  am ino acid im balance U n p h vsio log ic  am ino  acid profilc o f the c h a n g e  type o f am ino  acid

nutricn l so lu tion ; ?? am ino acid m ixture  adm inistéred
u:ilization  w ith  various disorders

H yperam m onem ia E xcessive am m onia in protein  hydrolvsate  
Solutions; d eíìc ien cy  o f sp cc iíic  am ino  
acids; prim ary hepatic d isorder

Prercnal asotcm ia E xcessive am ino acid in tu sion  w ith  
inadequate calorie adm inistration; 
inadequate free w atcr intake; 
dehvdration

R educe am ino acid intake

Elcvatcd o r subnorm al blood levels Inadequatc or cx cess adm inistration A djust ad m in istration  rate;
(if e lec tro lv tcs  a n d  m in e ra ls evaluate underly in g  

path op h ysio logy



TABLE VI M onitoring Patients Receiving Parenteral N u trition

Variables

Suggested  

First week

m onitoring frequency

Later

Energy balance Daily Daily
W eight 

Metabolic variables
Bỉood m easurem ents Daily 1 —2 x  weekJly

Plasma electrolytes (N a + , K+ , C l“ ) 3 X \veckly 2 X w eek ly
B lood urea nitrogen 3 X w eekly 2 X w eek ly
Plasma total calcium  and inorganic phosphorus Daily 3 X w eek ly
B lood g lucose 3 X w eek ly 2 X w eek ly
Plasm a transam inases 2 X w eek ly W cek ly
Plasma total proiein  and íractions A s indicated As ind icated
Blood a c id -b a s e  status VVeekly W eekly
H em oglơbin 2 X w eek ly W eek ly
M agnesium W eek]y W eekly
Triglycerides 

V ri n e measu rem enl s Daiỉy Daily
G lucose Daily Daily
Speciíic gravity or osmolarity 

Gencraỉ m easu rcm ents Daily Daily
V olum e oí iníusate Daily Daily
Oral intake (if  any) Daily D aily
Urinary output

Prevention and detection of iníeclion
C linical observations (activity, tem perature, sym ptom s) Daily Daily
WBC and differeniial counts As indicaied As indicated
Cultures As indicated As ind icated

glucose (usually  the g lucose in ĩused shoulci no t exceed 
4 m g /k g /n iin ). A lternatively , in su lin  can be adm in is- 
te red  (e ith er ad m in is te red  by su b c u tan e o u s  in jec tion  
o r p laced  in  the in íu s io n  bag).

The p a tien t m ay also accum ulate  trig lycerides in  the 
b loodstream  w ith  in íu s ion  of the  fat em ulsion . In fusion  
of b o th  glucose and  fat em u lsion  in excess m ay resu lt in 
pu lm o n ary  insuffieiency. W ith  excess g lucose in íu s ion , 
excess carbon  d iox ide ( C 0 2) p ro d u c tio n  occurs as C 0 2 
accum ulates in  the b loodstream , a resu lt o f glucose m e- 
tabolism . W ith  lip id  in íu s ion , the lip id  particles m ay 
accum ulate  in  the lungs an d  reduce the d iffusion  capa- 
city  o f resp ira to ry  gases.

In ad d itiọ n  to these m etabolic  p rob lem s, the con- 
cen tra tio n s of a variety  of e lectro ly tes and  m inerals  m ay 
vary and  thcse levels are m o n ito re d  by írequen tly  cle- 
te rm in ing  co n cen tra tio n s in the b loodstream . Adjưst- 
m en ts  in  the eo n cen tra tio n s of the n u tr ie n ts  in the 
in íu sates are then  m ade.

M e c h a n ic a l  C o m p lic a t io n s

As w ith  any device, ca th e ters  and  tub ing  may be- 
com e clotteci o r tw ist an d  obstruct. P um ps m ay also fail

o r o pera te  im properly . O f m ore c o n c e rn  is the in íre - 
q u en t com plica tion  of su p e rio r  vena  cava th ro m b o sis , 
vvhich is re la ted  to  the ca th e te r b e in g  p laced  in  th is  large 
vein. T h is com plication  is asso c ia ted  w ith  c lo iiin g  of 
th is  large vessel d ra in in g  the u p p e r  b o d y  and  resu lts  
in  sw elling  of the arm s and  face. T h is  occu rs  m ore 
com m only  in ch ild ren  than  a d u lts  b u t u sua lly  p rev en ts  
ĩu r th e r  in trav en o u s su p p o rt and  th u s  poses a se rio n s 
liíc -th rea ten in g  p rob lem  to m any  p a tien ts  w h en  th is 
co m p lica tio n  occurs.

HOME PARENTERAL NUTRITION

P atien ts  w ho are unab le  to ea t an d  absorb  adequate  
n u tr ie n ts  for m ain tenance over the  long  te rm  m ay be 
cand ida tes for hom e p aren te ra l n u tr itio n . M any such  
ind iv id u als  suffer from  sho rt-bow el s\T idrom e caused  
b y lo s s o f th e in te s t in a l t r a c td u e to ( 1 ) e x te n s iv e C ro h n s  
d isease, (2) m esen teric  in ỉa rc tio n , o r  (3) severe abdom - 
inal traum a. P seuclo-obstruction , rad ia tio n  eneteritis , 
carc inom atosis , n ec ro tiz ing  en te ro co litis , and  in testinal 
Ẽstulas are  o th e r  reasons for p o o r  bow el íu n c tic n  
an d  in d ica tio n s for họ  m e n u tr itio n a l su p p o rt.



To be eligible for th is hom e paren tera l n u iritio n a l 
therapy , p a tien ts  m u st be ablc to m aster the  techn iques 
associated  w ith  th is  su p p o rt system , bc m otivated , and 
ha ve adequaie  social su p p o rt in  the honie . P atien ts re- 
ceive extensive eva lua tion , teach ing , and  tra in in g  d u r- 
ìng  a period  o f h o sp ita liza tio n  tha t covers basic 
p rinc ip les  oí p a ren te ra l n u tr itio n  and  prov ides guide- 
lines for ca th e te r care, the m ain tenance  of asepsis, and  
th e  use of in fusion  pum p s.

A p a tien t w ho  is ju d g e d  to be a can d id a te  for hom e 
p aren te ra l n u tr itio n  req u ires  an  indw elling  Silastic cath- 
et(*r designed  for lo n g -te rm  p erm an en t use (see Fig. 1).

The n u tr ie n t so lu tio n s are p rep a red  w eekly  an d  de- 
livered  lo the p a tic n t’s hom c. The pa tien í sets up  the 
in íu s io n  System an d  a ttaches the ca the ter to ihe delivery 
tu b in g  in the evening  for in íu s io n  over the nex t
12 —16 h. T he in trav en o u s  n u tr itio n  is te rm in ated  bv 
the  patien i the  nex t m orn ing . H om e care n u rses  see 
th(‘ patien l at reg u la r in tervals and  m o n ito r  in lu s io n  
tech n iq u es, evaluate the p a tien t’s resp o n se  to therapy , 
a n d  c o n ũ n u c  the  ed u catio n al p rocess for b o th  the pa- 
tien t and  íam ily.

Hom e n u tr itio n  evolved because p a tien ts  requ ired  
th is  type of n u tr itio n a l su p p o rt for m o n th s  o r years, bu t 
costs o f h o sp ita liza tio n  m ade such  therapv  im possib ỉe in 
the  h o sp ita l se tting . T his resu lted  in ihe d eve lopm en t of 
p rivate  h o m e care com pan ies w ho ha ve a su p p o rt staff 
( in c lu d in g  hom e n u rses), m ix and p rov ide the Solu
tions, m a in ta in  an inven to ry  o f supp lies, re sp o n d  to 
em ergencics , and  Cacililate b illing  and  co llec tion  for 
thcse  services from  insurers.

E FFIC A C Y

T h o u g h  the need for n u tr itio n  su p p o rt in  critica lly  ill 
p a ú e n ts  m ay seem  obv ious, th is m e th o d  of care has only  
recen tly  becam e su b je c t to  critical review  and  to the 
ob ịective assessm en l of ou tcom e and  cost beneíit. A 
su m m ary  o f  these íind ings follows.

In  one rep o rt, a to ta l o f 13 p rospec tive  random ized  
tria ls th a t eva lua ted  the use of p reopera tive  p aren tera l 
n u tr itio n  in  surg ical pa tien ts  w ere iden tified . T he pa- 
tie n ts  w ere co n s id ered  by  the ir physic ians to be m od- 
era te ly  m a ln o ư rish ed . A poo led  analysis o f the data 
sh o w ed  th a t p a tien ts  w ho received p reo p era tiv e  TPN 
had  1 0 % few er postopera tive  com plications th an  the 
co n tro l g ro u p . T he analysis ío u n d  no significant 
d iíle rence  in m o rta lity  betw een  the  p aren tera lly  fed 
g r o u p s  a n d  t h e  C o n t r o ls .

U se of p a re n te ra l n u tr itio n  in  the im m ed ia te  post- 
opera tive  p e r io d  w as also evaluated . In co n trast to 
the ana lysis of the p reopera tive  data, th is s tu d y  of 
po sto p era tiv e  íeed ing  concluded  th a t p a tien ts  vvho

received TPN a íie r an o p e ra tio n  had  an  app rox im ate ly  
1 0 % higher risk  o f en su in g  com plications, w ith  no  asso- 
c ia ted  beneílt.

T rials ad d ressin g  periopera tive  n u tr itio n a l su p p o rt 
havc also been  co n d u c te d  in  p a tien ts  underg o in g  sur- 
gery  in  the  u p p e r  abdom en  for gastroen tero log ica l 
m alignancies. In one such  study , p a tien ts  u n d erg o in g  
m ajo r pancrea tic  resection  w ere random ly  assigned ei- 
th e r to a g ro u p  th a t received TPN on  p ostopera tive  day 1 
o r to  a non-T P N  group . N o sign ifican t benefit from  the 
use o f ad ju v an t TPN cou ld  be d em o n stra ted  and  the 
inc idence  of com plica tions (p rim arily  those associated  
w ith  in ĩec tion ) was sign iíìcan tly  g rea ter in  the TPN 
gvoup.

F inally , a large m eta-analysis eva lua ted  the effects 
of p ro v id in g  p aren te ra l nutriLion versus no íeeding in  
2211 critica lly  iĩl patien ts . T he use of in trav en o u s feed- 
ings d id  n o t in íluence m o rta lity  b u t m ay have reduced  
the  com plication  rate , especially  in  m aln o u rish ed  
patien ts. T he au th o rs  conc luded  that íu rth e r stud ies 
w ere necessary  to  íìrm ly estab ìish  the  la tte r conclusion .

All o f these s tu d ies  ind ica te  the need  to iden tiív  
speciíic ta rge ted  p a tien t g roups w ho w ill benefit from  
th is com plex  and  expensive techn ique . B road-scale use 
oí th is n u tritio n a l su p p o rt tech n iq u e  is n o t ind icated .

THE FU TUR E

Because of costs, com plications, and  the  ability  to p ro- 
vide n u tr itio n a l su p p o rt by en tera l tube fcedings, the use 
o f p a ren te ra l n u tr itio n  is cỉecreasing in  the U nited  States. 
H ow ever, in  speciRc p a tien t g ro u p s it rem ain s cost- 
effective an d  life-saving.

Several new  co m p o n en ts  o r p ro d u c ts  have becom e 
available to im prove the  type of substra te  adm in istered . 
New  íat em u lsions th a t in c lu d e  om ega-3  íatty  ac ids (fish 
oil) have been  deve lopéd  and  these co m p o u n d s are be- 
lieved to  bc able to  enhance  the im n iu n e  system  in 
critica lly  ill patien ts. In  ad d itio n , som e am ino  acids 
have n o t been  in c lu d ed  in  the p a re n te ra l m ix tu res  be- 
cause of so lub ility  p ro b lem s or in stab ility  rela ted  to 
s te riliza tion  o r p ro lo n g ed  shelf-life. H ow ever, these 
co m p o u n d s  have recen tly  been  com bined  w ith  o th er 
am ino  acids to form  stab le d ip ep tid es , w h ich  are now  
b eing  in c lu d ed  in  the p a ren te ra l am ino  acid  so lu tions. 
O ne su ch  substance  th a t is now  available is the am ino 
acid  g lu tam ine , w h ich  is th o u g h t to en h an ce  im m uno- 
logical and  bow el íu n c tio n  in  se lec ted  p opu la tions. This 
m ay transla te  in to  a m e th o d  o f n u tr itio n a l su p p o rt that 
im proves rccovery  follow ing m ajo r su rg e ty  and  chem o- 
the rapy  an d  im proves resistance to in íec tion  in  ind ivid- 
uals w ith  o th e r life -th rea ten in g  illnesses.
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Parietal Cells
C a t h e r i n e  s. C h e w
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cotransporter An ion  trạnsporter thai carries m ore than one  
ion  in the sam e direction across ihe outer cell 
m em brane.

cn d o cy to sis  The process by w h ich  a cell m em brane iolds  
inward to interna!izc substances. 

exchanger An i o n  t r a n s p o r t e r  i h a t  t r a n s p o r t s  i o n s  in  o p p o s i l e  
d ừ ection s across the cell m em brane. 

ex o cy to sis  The release o f substances in a vesicle by a process 
in w h ich  the m em brane surrounding the vesicle fuses 
vvith the m em brane surrounding the outside o f the cell. 

H +',K+-ATPasc The hydrogen, potassium  ATPase protein  
that pum ps protons across the cell m em brane in a 1:1 
exchange for potassium  ions. 

m ìcrovilli M icroscopic, hair-shaped cellular proịections that 
contain F-aclin  in their cores. 

secretagogue A substance, su ch  as a horm one or paracrine 
signal, that stim ulates secretion.

Parietal c e l ls  are lo ca te d  w ith in  g la n d s in  th e  g a str ic  m u- 
co sa . T h ey  have  ih e  u n iq u e  a b ility  to  se c re te  a m a ss iv e  
a m o u n t o f  h y d ro c h lo r ic  a c id  (H C 1), w h ic h  su s ta in s  the  
h ig h ly  a c id ic  e n v iro n m en t w ith in  ih e  lu m e n  o f  th e  sto m -  
ach . T h e  u n u su a l m o rp h o lo g )' o f  th e  p a r ieta l ce ll h as fas- 
c in a ted  resea rch ers for over  lO O years. w h e n  p a r ie ta lc e lls  
are s t im u la te d  by  th e  a p p ro p ria te  se c re ta g o g u e s , th ev  a lso  
u n d erg o  sp ec ta cu la r  m o r p h o lo g ica l tra n sfo rm a tio n s  that 
are correlated  w ith  the activation of the enzym e H 1 ,K - 
A T P ase. HC1 is  gen era ted  b y  the H 1 ,K ’ -A T P asc, a c tin g  in

c o n c er t  w ith  io n  c h a n n e ls  a n d  o th er  io n  tra n sp o rters .  
T h e ,K + -A T P ase is  c o m p o se d  o f  a ca la ly tica lly  a c tiv e  
a -su b u n it  and  a P -su b u n it that ta rg ets the en zy m e  to  th e  
a p p ro p ria te  m em b ra n e  co m p a rtm en t. T h e threc m ajor sc -  
c re ta g o g u e s , h is ta m in e , a c e ty lc h o lin e , and  g a str in , s t i in -  
u la te  HC1 se c r e t io n  b y  a c tiv a tin g  d iffercn t s ig n a lín g  
p a th w a y s that in tera c t at the le v e l o f  th e  parieta l ce ll. Be- 
ca u se  o f  th e  c o m m o n  o ccu rren ce  o f  p e p tic  u lcer  d ise a sc ,  
th e  a c id  se c re to ry  íu n c tio n  o f  th e  p arieta l ce ll h as b e e n  
s tu d ie d  e x te n s iv e ly . H o w ev er , th e  parieta l ce ll has o th cr  
íu n c t io n s . In h u m a n , m o n k ey , cat, d o g , sh ee p , rabbit, and  
g u in ea  p ig , p a r ieta l c e l ls  se c re te  in tr in s ic  factor, w h ic h  is  
e s se n t ia l for  th e  e ffìc ie n t a b so rp tio n  o f  v itam in  B I 2 or  
cy a n o c o b a la m in  in  th e  d ista l ileu m . Parietal c e l ls  m ay  
a lso  se c r e te  p r o sta g la n d in s  a s  w e l l  a s grovvth factors in- 
c lu d in g  tra n sfo rm in g  g ro w th  factor-a , a m p h ireg u lin , and  
h e p a r in -b in d in g  e p id erm a l g ro w th  factor. P ro stag lan d in s  
e x er t a c y to p r o te c t iv e  e ffe c i on  th e  g a str ic  m u co sa  and  the  
loca l r e lea se  o f  g ro w th  factors a p p ears to  p lay  an im portant  
ro le  in  r eg u la ú n g  the g r o w th a n d d if fe r e n t ia t io n  o íe p ith e l-  
ial c e l ls  w ith in  the g lan d  u n its .

LOCATION AND STRUCTƯRE OF THE 
PARIETAL CELL
P a r íe ta l  c e l l s  a re  p r e s e n t  in  g la n d s  w i t h in  ih e  lu n d u s  a n d  

b o d y  o f  th e  s t o m a c h  a n d  a re  th e  la r g e s t  c e l l s  in  t h t s e



glands. They o rig ina te  from  im m atu re  p ro g e n ito r  cells 
in  the g land  is thm us an d  then  m igra te  u p w a rd  tow ard  
thí' p it region and  d o w n w ard  to w ard  the  base o f  thc 
gland. Parietal cells n ear the base of g lands are sm alle r 
and  ĩrequcn tly  have dense ac cu m u la tio n s  of F -ac tin  
w ith in  th e ir  in irace llu la r canalicu li. In co n tra s t, p arie ta l 
cells in  the up p er reg ion  of the glancl have a m ore  
ro u n d ed  appearance an d  co n ta in  m orc  w ell-de fined  in- 
trace llu la r canalicu li. T he d es ig n a tio n  “p a r ie ta r  arose 
from  the loca tion  o f  th is  cell w ith in  the gastric  g lan d  
(bu lg ing  o a t  along  the wall; parie ta l b e in g  d e íìn ed  as 
re la ting  to the w alls o f  any  ho llo w  p a r t o f  a p la n t o r 
an im al). P arietal cells are also re fe rred  to as o xyn tic  
cells, based  on the G reek  w ord  oxyntos  ( to  g enera te  
an  acid ic substance). T he “typ ical” parie ta l cell is u sua lly  
dep ic ted  in a tr ian g u la r shape w ith  the ap ica l reg io n  of 
the cell ío rm in g  the apex  of the triang le , w h ich  b o rd c rs  
the lu m en  oí the g as tric  gland. In s tim u la te d  parie ta l 
cells, the canalicu li are  sty listically  re p re se n te d  as sim - 
ple b iíu rc a tio n s  of m icrov illa r m e m b ran e  th a t e x ten d  
partw ay  in to  the cell. In  reality , hovvever, th e  in trace l- 
lu lar canalicu li are com plex , in te rc o n n e c te d  tu b u la r  
Systems th a t ex ten d  from  the lư m en a lly  ĩacing  side of 
the cell to the b aso la te ra ỉ m em brane  reg ion  (Fig. 1). T he 
ex tensive array  of in trace llu la r m em b ran es im m ed ia te ly  
b en ea th  the  in tra ce llu la r  canalicu li has h is to rica lly  been  
re íe rred  to  as “tubu-lovesicles.” T h is te rm  vvas a co m p ro m - 
ise, b ecause  it w as n o t possib le  to  d e te rm in e  w h e th e r  the 
m e m b r a n e - r i c h  s t r u c t u r e s  d e t e c t e d  w i t h  S t a n d a r d  e l e c -  

tron  m icroscopy  (EM ) tech n iq u es  w ere  e longated  
tubu les o r rouncl vesicles. R ecent w o rk , based  on  
rap id  freeze íìxalion  an d  scan n in g  EM as w ell as 3D

F IG U R E  1 The com p lcx ity  o f ỉhc in tracellu lar can a licu lu s is 
not con veyed  in sim ple draw ings. (Lcít) T ypical d ep ic tio n  o f  an 
activeỉy secretin g  parietal ce ll w ith a sìm p le  can a licu lu s contain-  
in g  elongated  m icrovilli (arrow ). (R ight) 3D  recon stru ction  o f  
con íocal m icroscop ic im ages o f a parietal cell w ith in  a gastric  
gland. The gland w as fixed and  sta ined  w ith  ílu orescen tlỵ  tagged  
phalloidin , w h ich  sp ec iíìca lly  labels F -actin. R eprinted from  
C hew , c. s . ,  Parente, J. A ., Jr., C hen, X., and C haponnier, c. 
(2 0 0 0 ). T he LIM and SH3 d om ain -com ain in g  protein , lasp-1 , 
mav link  th e  cAMP sign a lin g  pathw ay w iih  dynam ic m em brane  
restructuring activities in ion  transporting ep ithelia . J. C elỉ Sci. 
113, 2035  — 2045 , w ith  perm ission.

re c o n s tru c tio n s  o f tran sm iss io n  E M -based seria l th in  
sections, suggests tha t the tu b u lo v e sic u la r systein  
co n ta in s  tig h tly  p ack ed  c is te rn ae  th a t b ea r som e 
resem blance to classical G olgi stacks.

M O R P H O L O G IC A L  C H A N G E S  A N D  
IO N  T R A N SP O R T  A C T IV IT IE S  
A S S O C IA T E D  W IT H  H Y D R O C H L O R IC  
A C ID  SE C R E T IO N

In ad d itio n  to co m p lex  in te rn a ỉ m em b ran e  s tru c -  
tu res, parie ta l cells are u n u su a lly  r ic h  in  F -ac tin  
and  p o ssess a large n u m b e r  o f en e rg y -g en era tin g  
m ito ch o n d ria . W h en  p arie ta l cells are s tim u la te d  to se- 
cre te  h y d ro ch lo ric  acid  (HC1), the can a licu la r  ine in - 
b rane c o m p a rtm e n t e x p a n d s  a t the ex p en se  of the 
in tra ce llu la r  tu b u lo c is te rn a l m em b ran e  co m p a rtm e n t 
an d  th is  e x p a n s io n  is c o rre la te d  w ith  th e  ap p earan ce  
of n u m e ro u s  e lo n g a ted  m icrov illi. T he m ech an ism  d riv - 
ing these changes is co n tro v e rs ia l. O ne view  is th a t the 
two c o m p artm e n ts  are co n tin u o u s . T he o th e r, w h ich  
ío rm s the basis o f th e  m em b ran e  re c ru itm e n t h y p o th e s is  
o rig inally  p ro p o sed  by Jo h n  F o rte  an d  co lleagues in 
1977, is tha t the  can a licu la r  an d  tu b u lo c is te rn a l m em - 
b ran es  are d is tin c t in tra c e llu la r  co m p artm e n ts . T he 
m em b ran e  re c ru itm e n t h y p o th es is  p ro p o ses  tha i the 
ac tiv a tio n  o f  the ac id  sec re to ry  re sp o n se  in d u c es  an 
ex o cy to tic -lik e  in se rtio n  o f lu b u lo c is te rn a l m em b ran e  
co n ta in in g  the H + ,K f -A TPase in to  the  can a licu la r  
m em brane . R em oval of the  s tim u lu s  re su lts  in  an  en d o - 
cy to tic re triev a l of m e m b ran e  p lu s  the H ^ ,K + -ATPase 
back  in to  the tu b u lo c is te rn a l c o m p artm e n t. C u rren tly , 
th is la tte r  h y p o th e s is  is íavo red  an d  is su p p o rte d  by 
the lo ca liza tio n  o f a n u m b e r  of p ro te in s  associa ted  
w ith  vesicle recy clin g  vvithin the p a rie ta l cell, as w ell 
as by  o b se rv a tio n s  th a t the  H ! ,K+ -A TPase tran s lo ca tes  
to a b io ch em ica lly  d is tin c t c o m p a rtm e n t fo llow ing  
s tim u la tio n .

P arie ta l cell p ro te in s  associa ted  w ith  v es icu lar 
traffìck ing  in c lu d e  SNAP-25 (25 kD a sỵn ap to so m al- 
associa ted  p ro te in ) , sy n ta x in  3, an d  VAM P-2 (vesicle- 
associa ted  m em b ran e  2 ), w h ich  fo rm  a te rn a rv  co m p lex  
tha t is im p lica te d  in  the d o ck in g  an d  íu s io n  of vesicles. 
P ro te in s  associatecỉ w ith  en d o cy to sis  th a t h av e  been  lo- 
ca lized  in  th e  p a rie ta l cell in c lu d e  c la th r in , c la th rin  
ad ap te rs , an d  d y n am in -2 . A lso p re se n t a re  SNAREs, 
w hich  are also  im p lica te d  in  vesicle íu s io n ; SCAM Ps, 
w h ich  are tran sm em b ran e  p ro te in s  fo u n d  in  vesicles 
involved  in  m em b ran e  recycling ; m yosin  5b; an d  several 
rab p ro te in s  in c lu d in g  r a b l l a ,  r a b l l b ,  an d  rab25 . 
E vidence írom  o th e r  ce llu la r system s suggests a ro le 
for rab  p ro te in s  in  reg u la tin g  v es icu lar tra ííick in g



betvveen m em brane co m p artm en ts . The expression  o fa  
d o m in a n t negative form  of r a b l l a  in  gastric parie ta l 
cells also inh ib its  the rec ru itm en t o f the H f ,K+-ATPase 
to the canalicu lar m em brane.

A lthough  the re la tio n sh ip  betw een  changes in  
F -actin  p o lvm eriza tion  an d  m icrov illa r e lo n g atio n  has 
no t yet been  es tab lished , changes in  the p lastic ity  of the 
ac tin  cy toskele ton  are im p lica ted  in  th is process. At least 
two d ifferen t ac tin -b in d in g  p ro te in s, ez rin  and  la sp - 1 , 
are  h igh ly  expressed  in  the p arie ta l cell and  are regu- 
la ted  by the cyclic AMP (cAM P) s ignaling  pathw ay. 
Parietal cells alsọ  c o n ta in  tw o differen t poo ls of actin : 
Ỵ-actin, w hich  is p resen t at the cortical cell m em brane , 
an d  (3-actin, w h ich  is p rese n t m ain ly  w ith in  the cana- 
licu la r regíon.

The precise b iochem ica l steps associa ted  w iih  the 
gen e ra tio n  of HC1 are u n k n o w n . P ro to n s are th o u g h t to 
be derived  from  H 20  by the reaction , HOH —> H + -f- 
O H - . O nce g enera ted , p ro to n s  are actively ex tru d ed  
in to  the apically  d irec ted  in lrace llu la r canalicu lu s by 
ihe H h,K+ -ATPase in  a n eu tra l exchange for K+ . The 
activ ity  of the H + ,K+-ATPase is ba lan ced  by (1) the 
m ovem en t oí Cl~ th ro u g h  a C l_ ch a n n e l an d  (2) the 
reu p tak e , o r recycling , o f K f th ro u g h  a K + channel. 
A lthough  there  are cu rren tly  several cand ida tes, the 
iden tity  of these channels rem ains to  be de ierm ined . 
The hydroxy l (O H _ ) ions p ro d u ced  d u rin g  the gener- 
atio n  of p ro to n s com bine w ith  C 0 2 in  a reac tion  cata- 
lyzed by ca rb o n ic  anhydrase  to  form  b icarbonate  
(H C O 3 ), w hich is ex tru d e d  from  th e  cell by the action  
o f C1 /H C O 3 exchangers  (AE2 iso ío rm s) 011 the 
baso la tera l m em brane. W hen  th is b ica rb o n a te  en ters 
the general c ircu la tio n , the pH of the venous b lood  ex- 
iting  the stom ach  rises above tha t o f the arte ria l b lood  
e n te rin g  the stom ach , a p h en o m en o n  th a t has been  
labeled  the “alkaline  tide .”

In  ad d itio n  to C1 V H C 0 3~ exchangers , a Na f/ K ! /  
2C1~ co tra n sp o rte r  (N K C C l) resides on  the baso lateral 
m em brane. R ecent evidence suggests th a t there is a re- 
cip rocal re la tio n sh ip  be tw een  the exp ression  of the 
N a+/K +/2C1_ co tra n sp o rte r  and  AE2. In  rats, parie la l 
cells above the  n eck  o f the  g lands ex p ress  AE2 at h igh 
levels, vvhereas NKCC1 exp ression  is n o t detectab le. 
T his d is trib u tio n  is reversed  in  the  neck  and  the base 
of the  glands. The d ifferences in  the  d is tr ib u tio n  of 
these tran sp o rte rs  suggest tha t there  arc at least two 
d ifferen t p o p u la tio n s  of parie ta l cells w ith  d iffe ren t 
C l"  en try  m echanism s.

Na"Vir~ exchangers (N H E2 iso ío rm s) are also 
p resen t on  the baso la tera l m em brane  o f the parie ta l 
cell. A lthough  no t d irec tly  coup led  w itlì AE2, thesc ex- 
changers may act in  concert w ith  th is cr /H C O 3 ' ex- 
changer in a p H -d ep en d en t m anner, thereby  ind irectly

m ed ia tin g  the tran sp o rt o f N aC l in to  the  cell. The ac- 
tiv ities of N H E2 and  AE2, co u p led  vvith the  baso lateral 
N a+ ,K4 -ATPase, o r so d iu m  p u m p , an d  a baso la tera l K+ 
co n d u c tan ce , m ay facilitate the u p tak c  o f  cl” in  to the 
cell aga inst its e lec trochem ica l g rad ien t. Based o n  tar- 
geted  gene d is ru p tio n  s tu d ies , how ever, it appears  that 
n e ith e r  NH E2 n o r N KCC1 is req u ired  for the acute 
acid  secreto ry  response.

SIGNALING PATHWAYS INVOLVED IN 
THE REGULATION 0 F  HYDROCHLORIC 
ACID SECRETION

Parietal cells possess recep to rs  for h is tam in e  (H2-recep- 
to r su b ty p e ), acety lcho line  (m u sca rin ic  M3 re c e p u r  
sub ty p e), an d  gastrin  [cho lecystok in in  B (CCK-B) yr 
CCK? rec ep to r  sub type] (Fig. 2). w h e n  h istam ine b in ls  
lo H 2 recep to rs, the enzym e adenylyl cyclase is ac tiva tíd  
th ro u g h  a stim u la to ry  h e te ro trim eric  G -p ro te in , Gs, a t -  
alyzing the genera tion  o í cAMP from  ATP. O nce ee - 
vaied , cAMP activates a cA M P -dependen t protein  
k inase(s) tha t p h o sp h o ry la les  two F -actin-associai*d 
p ro te in s , ez rin  and  la sp -L  T he íu n c tio n s  o f these pro- 
te ins in  ihc  ac tiva tion  of the  acid secre io ry  resporse 
have n o t yet been  defined; how ever, ih e ir  localizati)n  
w ith in  F -actin -rich  co m p artm en ts  su p p o rts  a role in  tie 
r e g u l a t i o n  o f  c h a n g e s  i n  t h e  a c t i n  c y t o s k e l e t o n  t h a t  ÍC- 

com pany  active secretion . T he resp o n se  to  acety lcho liie  
an d  gas trin  involves the e levation  of in trace llu la r cil- 
c ium  G onceniraiions ([C a2+ ]j), p resu m ab ly  by c o u p liìg  
o f the recep to rs  w ith  an o th e r  h e te ro tr im e ric  G -p ro ten , 
G q, vvhich activates p h o sp h o lip ase  CỊ3. O nce activattd , 
th is p h o sp h o lip ase  catalyzes the b rea k d o w n  of phcs- 
p h a tid y lin o s ito l 4 ,5 -b isp h o sp h ate  to fo rm  diacylgly<e- 
ro l (DA G ), w hich  activates p ro tc in  k inase  c, aid  
inosito l 1 ,4 ,5 -trisp h o sp h ate  (IP 3). IP 3 a c tiv a te san  in t a- 
ce llu lar ca lc ium  ch an n el, the  1P3 rec ep to r , a llow ing  or 
ca lc ium  release from  in trace llu la r s to res . In trace llu a r 
ca lc ium  release is co o rd in a ted  w ith  the  in flux  of ex t a- 
ce llu lar ca lc ium  th ro u g h  u n id en tified  s to ra g e -o p e ra td  
ca lc ium  ch an n els  in  the p lasm a m em b ran e  (Fig. 2 ) . In 
iso lated  parie ta l cells, h istam ine  w eakly  elevates [C a2 ]j 
in  a su b p o p u la tio n  of p arie ta l cells, b u t th is respoise 
is n o t coup led  to the ac tiva tion  of HC1 secretion . In 
co n tra st, the p resence of ex irace llu la r calcium  las 
been  show n to be essen tial for cho linerg ic  activatim  
o f secretion .

A lthough  the  in trace llũ la r signa ling  pathw ays Hat 
are activated  by acety lcho line  and  g as trin  are sim iar 
w ith  resp ec t to calc ium , onlv  ace ty lcho line  elicits a sg- 
n iíican t acid secreto ry  response  in the  absence of a hs- 
tam ine backg round . The reason  for the  d ivergencein
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Dynamic, actin-associated cytoskeletal changes, 
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HCI secretion

F 1G U R E  2  O verview  o f  the intracelluỉar signaling pathw ays in vo lved  in  the activation  o f  parictal 
cell HCl secretion. W h en  h istam ine b inds to H 2-type receptors, the en zym e adenylyl cyclase is 
activated  and caia lyzes the breakdow n o f ATP to íorm  C.AMP, lead ing  10 ihe activation ol a 
cA M P -dependent protein  k in ase(s). T h ese k inases phosphoryla ie  lasp-1 and ezrin , w h ich  are 
F -actin -assođ ated  proteỉns. A cety lch o lin e  ancỉ gastrin activate a ca lciu m -d ep en d en t sign alin g  path- 
w ay(s) by b in đ in g  to m uscarin ic M 3 and CCK2 receptors, respectively. G astrin is a w eak  agon ist at 
the level o f  the parietal ee ll and litrle is k n ow n  about its actions beyond  elevation  of [Ca f ]ị. It is also  
unknovvn h o w  elevated  cAMP levels p otentiate the resp onses to acety lch o line  and gastrin. A cetyl- 
c ho li ne and gasirin in d u ce the ĩorm ation  o f  IP3 and DAG , presum ably by activating ph osp h olip ase  
C|3. IPị in d uces the release o f  [Ca ]j from  intracellular stores. C alciụm  also enters ihe cell through  
an un identified  storage-operated  ca lcium  ch an n el(s) (SO C ) in  the plasm a m em brane. Protein kinase  
c (PK C ) and ca lciu m -d ep en d en t protein  k ỉn ase(s) are su b seq u en tly  activaied , lead ing  to increases in 
phosphorylatỉon. o f  coron in se  and CSPP28. A cety lch o lin e  also activates ERK/JNK/p38 k inases and  
m ay increase the p roduction  o f  PGE2. T his latter response coulcl serve as a delayed  autocrine negative  
íecd b ack  loop  to regulate h ístam ine-stỉm ulated  HC1 secretion , T he link  betw een  ch an gẹs in  protein  
p h osp h orylation  and agonist-incluced  changes in the actin-based  cytoskeleta l has n ot yet b een  
deíin ed . H'owever, recent ev id en ce su ggests that protein  phosph orylatìon  may be in vo lved  in reg- 
ulating  dynam ic cytoskeleta l changes and v esic le  transport events invoìved  in the in sertion  and  
retrieval o f  the H+ ,ỉO  -ATPase írom  the canalicular m em brane. D ashed lin es ind icate less established  
pathvvays.

th e  sec re io ry  re sp o n se  to  ace ty lcho line  an d  gas trin  is 
ụ n c lea r, bu l m ay  be associa ted  w ith  d ifferences in  th e ir  
signa ling  resp o n se  p a tte rn s . A cety lcho line  in d u ces  a 
g rea te r rise  in  [C a2+]ị th an  does gastrin . Ir  ad d itio n , 
ac e ty lch o lin e  elicits a u n iío rm  resp o n se  from  p arie ta l 
ce lls in  iso la tio n , w h ereas  g as trin  s tim u la tes  on ly  ~ 3 0 %

o f the  sam e cells. M oreover, a lth o u g h  b o th  agon ists 
a p p e a r  to ac tiva te  p ro te in  k inase c, they  do  n o t ap p ear 
to  inc rease  the p h o sp h o ry la tio n  o f the sam e dow n- 
s tream  p ro te in s . A cety lcho line  also activates the 
m itogen -ac tiva ted  p ro te in  k inases [ex trace llu la r signal- 
re la ted  k in ase  v a rian ts  1 an d  2 (ERKs 1 an d  2)1, JƯN



N - t e r m i n a l  k i n a s e  ( J N K ) ,  a n d  p o s s i b l y  t h e  p 3 8  k i n a s e  

s i g n a l i n g  p a t h w a y .  R e c e n t  e v i d e n c e  s u g g e s t s  th a t  t h e  

a c t i v a ú o n  o f  t h e s e  la t t e r  p a l h w a y s  i n c r e a s e s  c y c l o o x y -  

g e n a s e  2  ( C O X - 2 )  g e n e  e x p r e s s i o n  a n d  p r o s t a g l a n d i n  

E 2  ( P G E 2 )  p r o d u c t i o n  b y  t h e  p a r i e t a l  c e l l .  I n c r e a s e d  

P G E 2  p r o d u c t i o n  m a y  s e r v e  a s  a d e l a y e d  n e g a t ì v e  f e e d -  

b a c k  c o n t r o l  p a t h w a y  t o  r e g u l a t e  h i s t a m i n e - s t i n r u l a t e d  

H C 1 s e c r e t i o n  ( s e e  b e l o w ) .
A s  w i t h  h i s t a m i n e ,  t h e  i n t r a c e l l u l a r  s i g n a l i n g  

e v e n t s  t h a t  th a t  a r e  m o d u l a t e d  b y  c h o l i n e r g i c  s t i -  

m u l a t i o n  h a v e  j u s t  b e g u n  t o  b e  d e í ì n e đ .  T h u s  far, t w o  

p r o t e i n s  h a v e  b e e n  f o u n d  to  u n d e r g o  i n c r e a s e d  

p h o s p h o r y a t i o n  in  p a r i e t a l  c e l l s  s t i m u l a t e d  w i t h  a c e t y l -  

c h o l i n e :  c o r o n i n s e  a n d  C S P P 2 8 .  C o r o n i n s e  i s  a n  

a c t i n - b í n d i n g  p r o i e i n  i h a t  h a s  b e e n  i m p l i c a t e d  in  t h e  

r e g u l a t i o n  o i  e n d o c y t o s i s .  C S P P 2 8  is  p h o s p h o r y l a t e d  

b y  a c a l c i u m - d e p e n d e n t  m e c h a n i s m  a n d  is  e n r i c h e d  

i n  l i g h t  m e m b r a n e  f r a c t io n s .  T h u s ,  l i k e  c o r o n i n s e ,  

C .S P P 2 8  m a y  b e  i n v o l v e d  in  c o n t r o l l i n g  v e s i c l e  m o v e -  

m e n t  a n d / o r  í u s i o n .

In  m o s t ,  b u t  p r o b a b l y  n o t  all  s p e c i e s ,  h i s t a m i n e  a n d  

c A M P  a r e  t h e  m o s i  p o w e r i u l  s t i m u l a t o r s  o f  t h e  a c i d  

s e c r e t o r y  r e s p o n s e  at  t h e  l e v e l  o f  t h e  p a r i e t a l  c c l l .  

T h e r e  i s  a n  a c u t e  p o t e n t i a t i n g  i n t e r a c t i o n  b e t v v e e n  t h e  

c A M P  a n d  c a l c i u m  s i g n a l i n g  p a t h w a y s  s u c h  t h a t  a l o w  

d o s e  o f  a c e t y l c h o l i n e  a d m i n i s t e r e d  a l o n g  w í t h  a s u b -  

m a x i m a l  d o s e  o f  h i s t a m i n e  i n d u c e s  a  g r e a t e r  t h a n  

a d d i t i v e  r e s p o n s e ,  T h e r e  i s  a s i r n i la r  p o t e n ú a t i n g  i n i e r -  

a c t i o n  b e t w e e n  h i s t a m i n e  a n d  g a s t r ì n .  T h e  m e c h a n i s m s  

r e s p o n s i b l e  for  t h e s e  p o t e n t i a ú n g  i n l e r a c t i o n s  a r c  n o l  

y e t  e s l a b l i s h e d .
S e v e r a l  ĩ a c t o r s  h a v e  b e e n  f o u n d  t o  s u p p r e s s  t h e  

a c u t e  a c i d  s e c r e t o r y  r e s p o n s e  t o  h i s t a m í n e  i n  i s o l a t e d

p a r ie t a l  c e l l s ,  i n c l u d i n g  p r o s t a g l a n d i n s  o f  t h e  E s e r i e s ,  

s o m a t o s t a t i n ,  e p i d e r m a l  g r o w t h  í a c t o r  ( E G F ) ,  a n d  

transỉo rm ing  grow th  faclor-a (TG F-0í). All of these fac- 
l o r s  a p p e a r  to  c o u p l e  w ú h  a n  i n h i b i t o r y  h e t e r o t r i m e r i c  

G - p r o i e i n ,  G,. L o n g e r  e x p o s u r e  o f  p a r i e t a l  c e l l s  in  p r i -  

m a r y  c u l t u r e  to  E G F / T G F a  e n h a n c e s  t h e  a c i d  s e c r e t o r y  

r e s p o n s e .  T h i s  l o n g - t e r m  r e s p o n s e  m a y  b e  i n i t i a t e d  b y  

a c t i v a t i o n  o f  t h e  s e r i n e / l h r e o n i n e  p r o t e i n  k i n a s e ,  A k t ,  

a n d  t h e  i n d u c t i o n  o f  H + ,K + - A T P a s e  g e n e  e x p r e s s i o n .
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Pathologic and Paralytic Ileus
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i le u s  A b sen ce  o f  p ro p u lsiv e  m o tilily  in ih e  gastro in testin a l 
tract.

la p a ro to m y  Surgicaì in c is io n  th ro u g h  the ab d o m in a l w all. 
p h y s io lo g ic  i le u s  N o rm a l a b sen ce  o f  g a stro in testin a l co n -  

tractile activ ity .

The term  “ileus” is derived from the G reek w ord eilcos, 
w hich is translated  as “to  b lock o r to tw ist.” Ileus is gen- 
erally defined as absence of propulsive m o ti li ty in  the 
sm all or large in testine. Absence of propulsive m otility  
im plies stasis  of the lum inal contcnts. The presence of 
ilcus can reílect norrnal in testinal physiology or it can be 
pathologic.

INTRODUCTION

Physiologic ileus re íe rs to the  absence oí m olility  that 
no rm ally  occu rs for sh o r t p e rio d s of tim e cỉuring spe- 
cializeđ  m oiility  p a tte rn s , such  as the  inactivity  íoiincì 
d u rin g  th e  in terd igestive sta le  in the sm alỉ in testine. 
Patho log ic  ilcus re ĩe rs  to the p ro longed  absence of 
p ropu lsive  m o tility  th a t is associa ted  w ith  clinical 
sym ptom s of an  in te stin a l o b stru c tio n . V arious nam es 
have been  ap p lied  to th is  fo rm  of ob stru c tio n . It m ay be 
know n  as adynam ic ileus, in h ib ito ry  ileus, o r paraly tic  
ileus. T he la tte r te rm  is no t stric tly  accu rate  in  a path - 
ophysio log ic sense because. the in teslina l m u scu la tu re  is 
n o t para lyzed  in  the sam e sense as in skelelal m uscle 
paralỵsis.

CLINICAL SYMPTOMS

P atho log ic  ileus can resu it from  a variety  of diverse 
co n d itio n s  tha t in c lu d e  clisease changes in  the  in testine  
an d  d isease  activ ity  in  the p e rito n ea l cavity. Patho logic 
ileus m ay also be in d u c ed  as a neu ra lly  m ed ia ted  reílex  
response to  co n d itio n s outsicle the p e rito n eu m  and  may 
bc associa ted  w ith  co n d itio n s su ch  as general in íections, 
sp inal c o rd  in ju ry , and  irrita tio n  o í  the kidneys. This 
form  of o b stru c tiv e  in te stin a l inactiv ity  is m ost com - 
m only se e n  d u rin g  and  for p ro longed  p e rio d s fo llow ing 
laparo tom y . E xposure an d  h an d in g  of the bow el is a

s tro n g  s tim u lu s  for the  p ro d u c tio n  o f ileus. N everthe- 
less, th e  m o st cliiiica ỉly  im p o r ta n t cause oí p a th o lo g ic  
ileu s is p e rito n itis .

T he e n tire  in te s tin e  in  p a th o lo g ic  ileus b ecom es d i- 
la ted  w ith  la rge  co llec tio n s  o f b o th  riuid an d  gas. T he 
g aseo u s co m p o sitio n  is m o stly  air. U n lik e  m ech an ica l 
o b s tru c tio n  w h ereb y  the  in te s tin e  above th e  p o in t of 
o cc lu s io n  b eco m es d is te n d e d  g rad u a lly , d ila ta tio n  of 
th e  e n tire  b o w el o ccu rs  qu ick ly , w ith  ih in n in g  oí the  
w alị as th e  ra d iu s  increases. T h is u n d e r lie s  th e  ex trem e  
d eg ree  o f abclom inal d is ten s io n  th a t is onc  o f the  pri- 
m ary  signs of th e  c o n d itio n .

T he  c lin ica l ĩe a tu res  o f p a th o lo g ic  ileu s do  n o t par- 
a lleì th o se  ío u n d  in m ech an ica l o b s tru c tio n . P ain  is usu- 
ally  n o t a c o n ip la in t, o r, if p re se n t, is a d u ll c o n tin u o u s  
ach e  ra th e r  th a n  th e  in ie rm itte n t sh a rp  c ra m p in g  p a in  
th a t o cc u rs  in  s lru c tu ra l b lockage . N ausea  an d  v o m itin g  
ca n  be p ro m in e n t an d  ílu id s  g ivcn  by  rno u th  are  reg u r- 
g ita tcd . D cíeca tio n  an d  the  passage o f gas u su a lly  s to p  
co m p le te ly  w ith  the  onse t ol the  ilcus.

PATHOPHYSIOLOGY

P ara ly tic  ileu s is n ọ t en tire ly  ap p licab le  as a sy n o n y m  for 
p a th o lo g ic  ileus, b ecau se  th e  in te s tin a l m u sc u la iu re  is 
n o t  para lyzed , T he  ab ility  o f th e  sm o o th  m usc le  to gen- 
e ra te  m ax im al force o f  c o n tra c tio n  is u n c h a n g e d  in  
p a th o lo g Ịc  ilcus. N eu ra l inO uences actively  in h ib it the 
in te s tin a l m u sc u la tu re  an d  a c c o u n t for th e  p ro lo n g ed  
ab sen ce  o f m usc le  co n tra c tio n  an d  m o tility  seen  in  p a th -  
o log ic  ileus. T he  w av it s ta rts  and  the  p ro lo n g e d  n a  tu  re 
o f  p a th o lo g ic  ileus are  rem in isce n t o f  sk e le ta l m usc le  
refl.ex para lv sis  th a t is acn te lv  asso c ia ted  w ith  sp ina l 
c o rd  in ju ry  an d  e n su in g  sp in a l sh o ck . In  sp ina l 
sh o c k , th e  n e u ra l c irc u its  o f th e  sp ina l co rd  th a t n o r-  
m a lly  m e d ia te  m o to r  re ílex es b ecom e n o n fu n c tio n a l for 
a  tra n s ie n tp e r io d  o f tim e. In  the  case o f p a th o lo g ic  ileus, 
th e  n eu ra l c ìrc u its  o f  th e  en te ric  n e rv o u s  system  th a t 
n o rm ally  in itia te  an d  o rg an ize  p ro p u ls iv e  m o to r  behav- 
io r  in  the  in te s tin e  b eco m e n o n íu n c tio n a l for a tra n s ie n t 
p e rio d . A lth o u g h  n e u ra l m e ch a n ism s are  in v o lv ed  in 
b o th  cases, th e  d e ta ils  o f the  n eu ro p h y sio lo g ic  changes 
c a n n o t be e x p la in e d  fully  for e i th e r  case.



A ctivation  o f sy m p ath e tic  in n e rv a tio n  is im plica ted  
in  the in itia tio n  of p a th o lo g ic  ileus. V irtually  all o f ihe 
sy m p ath e tic  nerve tìbers, w h ich  en te r the  in te slin e  out- 
side o f the  sp h in c te rs , en d  in the ganglia  o f the en tcric  
n e rv o u s system . N o re p in e p h rin e  released  from  the 
sy m p ath e tic  nerves acts to su p p ress  the release of ace- 
ty lcho line  a t the  m illions of n ico tin ic  synapses th a t are 
p art o f the in teg ra tive  n eu ra l n e tw o rk s of the en teric  
n e rvous system . T his inac tiva tes the n eu ra l c ircu its  
an d  the reby  p rev en ts  them  ừ o m  ac tiva ting  p ropu lsive  
m otility . S u b p o p u la tio n s of en teric  in h ib ito ry  m o to r 
n eu ro n s  rem ain  active in  th is c ircu m stan ce  an d  act to 
c o n tin u o u sly  su p p ress  c o n tra c tio n  o f the in h e ren tly  
m yogenic m u scu la tu re .

A lthough  sy m p ath e tic  ac tiva tion  and  the release 
and  ac tio n  of n o re p in e p h rin e  in the cn te ric  nervous 
system  are an  a ttrac tive  ex p lan a tio n  for patho log ic 
ileus, som e observa tions do  n o t su p p o rt the hypothesis. 
F or exam ple , p re tre a tm e n t w ith  d rugs tha t b lock  the 
recep to rs  for n o re p in e p h rin e  o r tha t su p p ress  its release 
from  sy m p ath e tic  nerves is ineffective for p rev en tio n  of 
t.he ileus associa ted  w ith  laparo tom y . In fih ra tio n  of the 
sp lan ch n ic  in n e rv a tio n  w ith  a local an esth e tic  to b lock  
sym pathe tic  nerve traffìc to the in te sú n e  does n o t re- 
verse the ileus seen  d u rin g  lap aro to m y  in  dogs. O n 
the o th e r  h an d , irýec tion  o f a local an esth e tic  into 
the b lo o d  en te rin g  the in testine  im m ed ia te ly  evokes 
r ig o ro u s co n trac tile  activity . Two co n c lu s io n s  em erge 
from  these o b servaúons. O ne is tha i acú v a tio n  of 
sy m p ath e tic  rcílexes m ay rclease su b sian ces o th e r

than n o rep in ep h rin e  th a t in itially  “lock” the in tegrated  
m ic r o c ir c u í t s  o f  th e  in t e s t in a l  e n t e r ic  n e r v o u s  S y s te m  in  

a State o f  p ro lo n g e d  p a ra ly sis ; th is  e n su e s  for p ro lo n g e d  
periods of tim e w ithou t íu rth e r sym pathe tic  inpu t. The 
second  conclusion  is tha t ongoing activity  of enteric 
inh ib ito ry  m otor n eu rons accoun ts for the absence of 
con tractile  behavior. B lockade of the in h ib ito rỵ  neuro - 
nal activity by in jection  of a local anesthe tic  releases the 
m uscle trom  the inh ib ition . U ncoord ina ted  contractile  
activity  appears aĩter neural b lockade d u e  10 the auto- 
genic p roperties of the m usculature .

See Also the Following Articles

Autonomic Innervation • Basic Electrical Rhythm • Colonic 
Obstruction • Disinhibitory Motor Disorder • Enteric 
Nervous System • Hirschsprungs Disease (Congenital 
Megacolon) • lntestinal Pseudoobstraction • Toxic 
Megacolon
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Pepsin
J ẸAN -p 1ERRE R a u  fman
Universỉtỵ of Mcuyỉancỉ Schooĩ oj Mcdicíne, Baỉtimore

pcpsin Aspartic  p ro ie ín ase  ( 3 6 k D a ) ,  d er ived  from p ep s in o -  
g e n  u n d er  ac id ic  c o n d it io n s ;  ass ists  the d ig e s t io n  o f  
dietary prote in .  

pepsinogen P r o e n z y m e  (40 k D a )  s y n th e s iz e d  and  storecl in 
z y m o g e n  g ran u ỉes  and secreted  by  c h ie í  ce l l s  o f  the  
stomach.

Pcpsin, a p ro tease p resen t in  the gastric lum en, is secreted 
by the ch ie í cells of the gastric m ucosa as an inactive 
precursor, pepsinogen; pepsinogen is activated by acid 
p resen t in th e  gastric lum en, w hich in itia tes digestion 
o ĩ protein . M ultiple gencs code for im m unologically dis- 
tinct íorm s (isoénzym es) of pepsin, bu t all forms appear to 
have íunctional sim ilarity . Peptic u lcers and acid- 
pcptic disease derive the ir nam es from  pepsin.

HISTORICAL OVERVIEW

In g ro u n d b re ak in g  ex p e rim en ts  u sing  hu  m an gastric  
ju ice , th e  A m erican  physic ian /physio log ist W illiam  
B caum ont (1 7 8 5 —1853) hypo thesized  th a i, in ad d itio n  
lo acid , an  u n k n o w n  íac to r c o n trib u ted  to  p ro te in  di- 
gestion. T he G erm an  physio log ist T h eo d o r Schvvann 
(1 8 1 0 —1882) iden tified  th is  factor from  its ab ility  to 
d igest egg w h ite  ạnd  designated  it “p ep s in ” (derived  
írom  the G reek  w ord  pepsis , for ciigestion). In  E ngland , 
using  am p h ib ia n  pep tic  cells as a m odel, the  C am bridge 
physio log ist J o h n  Langley (1 8 5 2 —1925) e lucida ted  the 
ío rm a tio n  o f  pepsinogen  in  ch ief cells, its s tọ rage in  
cy top lasm ic zym ogen  g ranu les, and , a íte r  secretion , 
Lts co n v e rs io n  to  the  active acid  p ro tease , pepsin . In 
1930, J o h n  N o rth ro p  crysta llized  pepsin . R ecent acl- 
vances in  s tru c tu ra l b io logy have revealed  how  the 
rhree-dim cnsioTial s tru c tu re  of these rao lecu les explains 
th e ừ  ac tiv a tio n  an d  actions.

STRUCTURE AND ACTĨVATION 
OF PEPSIN

Li ke o th e r  a sp artic  p ro te in ases  (EC 3 .4 .23.X ), pepsin  
(ap p ro x im a te  m olecu lar m ass, 36 kD a) is syn thesized  as 
a p rơ e n 2vm e, pep sin o g en  (ap p ro x im a te  m olecu lar 
m ass, 4 0 k D a ) , w h ich  is stab le  a t n eu tra l and  a lkaline 
pH (>  6 ) a n d  is converted  to active p ep s in  at ac id  pH  by

p ro teo ly tic  cleavage o f an  N -te rm in a l p ro se g m e n t (in- 
h ib ito ry  p iece). S tud ies  o f  the  crysta l s tru c tu re  o f  pep - 
s inogen  in d ic a te  th a t the  in h ib ito ry  p iece  sh ie ld s  the 
su b s tra te -b in d in g  p o r tio n  o f th e  active p ro tea se , w ith  
six  basic  am ỉn o  ac id s  in  the  p ro seg m e n t ỉo rm in g  elec- 
tro sta tic  in te ra c tio n s  w ith  ac id ic  am in o  ac id s in  pepsin . 
T hus, at n e u tra l pH , the  in h ib ito ry  p iece m a in ta in s  
the  enzym e in  its  inac tive  fo rm  by  s te rica lly  b lo c k in g  
access to  the  active si te an d  n e u tra liz in g  ne ga ti ve 
charges in  p ep s in , th e re b y  s tab iliz in g  th e  c o n ío rm a ù o n  
o f th e  p ro en zy m e.

E x p o su re  to  acid  re su lts  in  p ro to n a tio n  o f  ca rbox - 
y la te  g ro u p s  an d  re p u ls io n  o f  th e  n e t po sitiv e  ch arg es 
th a t d is ru p t th e  e lec tro s ta tic  in te ra c tio n s , u n b lo c k in g  
the  active si te a n d  ac tiv a tin g  ihe  enzym e. M oreover, 
pep s in o g en  is su b je c t to  th e  p ro teo ly tic  ac tio n  o f acti- 
vated  p ep s in  (au to ca ta ly sis). By th ese  m ech an ism s, ex- 
p o su re  to  pH  < 6  (as ex p e c te d  in  th e  gas tric  lu m e n ) 
activates a rapicl (2 s e c  at p H  5 —6; 5 m sec as the  pH  
ap p ro a ch es  2) cạscade o í  p ep s in  ac tiv a tio n . R e tu rn in g  
am b ien t p H  lo n eu tra lity  can  a r re s t o r  reverse  these 
c o n ío rm a tio n a l changes. In c rea s in g  the  pH  lo 
> 7 .2  (as ex p ec ted  in  th e  n o rm a l sm a ll in te s tin e )  o r 
the  te m p e ra tu re  to  > 6 5 ° c  irre v ers ib ly  d e n a tu re s  pep - 
sin , w h ereas  p ep s in o g en  is stab le  to  p H  10 a n d  1 0 0 °c .

T he m o le cu la r  s tru c tu re  o f  h u m a n  p e p s in  (Fig. 1) is 
very  s im ila r  to  th a t o f o th e r  m e m b ers  o f the  asp artic  
proteinase íam ily . T h e  Central h y d ro p h o b ic  co re  o f  p ep - 
sin  (ca ta ly tic  a sp artic  ac id  re s id u e s  a t p o s itio n  32 
an d  215) c o m p rise s  the  active s ite  o í  the  enzym e. T his 
site can  ac co m m o d a te  a n  ap p ro x im a te ly  8 -am in o -ac id  
p o r tio n  o f  p ro te in  su b s tra te .

MEASUREMENT OF PEPTIC ACTIVITY

M easu rem en t o f  p e p tic  ac tiv ity  w as íìrs t s ta n d a rd iz e d  by 
A nson  an d  M irsky  in  1932; th ey  d e íìn ed  1 p ep tic  u n it  as 
the ac tiv ity  o f  p e p s in  (pH  2, 3 7 ° C) th a t resu lts  in  the  
re lease  o v er 1 0  m in u te s  o f 0 . 1  ị-imol o f ty ro sine  from  
5 m l o f  2% h em o g lo b in . T o  in c rease  sen sitiv ity  an d  
ỉacilita te  the  ana ly sis  o f m u ltip le  sam p les , in v estig a to rs  
have m od iB ed  th is  assay  by  u s in g  rad io lab e led  su b s tra te  
(h em o g lo b in  an d  a lb u m in )  an d  a u to m a te d  assays.



FIG U R E  1 Schematic struc tu re  of hum an pepsin (EC 
3.4.23.1), draw n aceớrding to coord inaiesdcposilcd  in the Proiein 
Data Bank (identiíìcation  num ber 1PSN). Light grav indicates 
p sheets; da rk  gray indicates Oí hcliccs. The aspartie acid residues 
at positions 32 and 215 delineate the aciive síte o( the enzvm e 
(in a ball-and-stick coníiguration).

R ather th an  u sing  a deE ned  abso lu te  un il o f p ep ú c  ac- 
tivity, m any  investiga to rs express resu lts as a percen tage 
of pep tic  activ ity  in  ex p erim en ta l sam ples co m p ared  to 
co n tro l o r, in secreto ry  s tud ies, as a percen tage of lotal 
pep tic  activ ity  in the sam ple.

A C T IO N S  IN N O R M A L PH YSIOLO G Y  
A N D  D ISE A SE

The m a ịo r íu n c tio n  of pepsin  ís to in itiate d igestion  of 
ingested  p ro te in s . The g rea ter activ itv  of pepsin  for m eat

p ro teins, such as collagen, indicates tha t the enzym e is 
less im portan t for hydrolysis of vegetable p ro te in s. ỉn  
addilion , in neonates, pepsin  may assist in m ilk  clo tting . 
The pH optim um  for peptic hydrolvsis of p ro te in s  de- 
pencls on  the substra te  (pH 1 .5 -2 .5  for hem oglob in , pH
3 for album in , and  pH 5.5 for m ilk clo tting).

Peptic activitv releases free am ino  acids and  sm all 
pep tides that can be absorbed by en terocy tes lin ing  the 
sm all in testine. Relativelv large p ep tid es  resu lting  from  
incom plete pepsin  d igestion  also en ter the d u o d en u m  
and  are ĩu rih e r degraded  by pancreatic  p ro teinases. 
Some p roducts of pep tic  digestion also serve a signaling  
function because they stim ulate the release from  the 
distal stom ach (gastrin) and duod en u m  of ho rm o n es 
(cholecystok in in-re leasing  pep lide and  o th e rs) tha t 
play additional roles in regula ting  digestion.

Pepsin appears to play a crucial, if no t necessary , role 
in u lceration  of the stom ach and  d u o d en u m . In the 
absence of pepsin , gastric acid does no t cause ulcera- 
tion. H ence, m ạjor beneíìts of an tacid  therapy  in the 
treatm ent of ulcer disease may be inh ib ition  of the con- 
version of pepsinogen  to pepsin  and  the m ain tenance of 
a gastric lum inal pH g reaíer than  the o p tim u m  for the 
enzym e. C hanges in the level or d is trib u lio n  of pepsin- 
ogen in b lood and u rine  that are observed  in pep lic  ulcer 
discasc and gastric cancer have no t p roved  clinically 
useíul.

S ee A lso  th e  F o llo w in g  A r t ic le s

chief C clls  •  D u o d en a l u lc e r  •  G a str ic  A cid  S ecre tio n  •  
G astric  u lc c r  •  P rotein  D ig e s tio n  an d  A b so r p tio n  o f  
A m ino A c id s  and P ep tid es
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Percutaneous Drainage
D a vid  B. Lautz  a n d  Rod n ey  C han

Brigham and Women’s Hospitaỉ and Harvard Medicaỉ Schooỉ

abscess Collection of pus íbrmed by tissue destruction in an 
inílamed area of a localizeđ iníection.

SeLdinger technique Used for the insertion of a guidewire 
in to a vessel.

tandem-trocar techniqụe ưsed to cannulate itito a vesseì.

Even though there has never been a debate about w hethcr 
abscesses shou ld  be drained; the available op tions for 
drainage have changed. T raditionally , an operation  has 
been requ ired , w hether a thoracotom y for em pyem a, or 
a laparotom y for d iverticu lar abscess. The m odern  tech- 
n ique of im age-guided percu taneous drainage has now 
becom e the fừ st choice for many clinicians and patients. 
Surgery is increasingỉy  reserved only for difficult-to-reach 
locations, for cases in w hich percu taneous drainage íails, 
o r for cases in w hich  urgent surgical exp loration  is needẹd 
in  view of im pend ing  sepsis.

IN D IC A T IO N S , A PPR O A C H ES, 
A N D  G U ID A N C E

P a tie n ts  h a r b o r in g  im r a a b d o m in a l a b s c e s s e s  u su a lly  
p re se n t w ith  signs o f  system ic in flam m ation , in c lu d in g  
fever, leukocy tos is , an d  pain . P ostoperative  íluicl col- 
lec tions rep re se n t th e  m ost com m on  cause o f in tra- 
ab d o m in al abscess and  are o ften  localizeđ  to  the 
d e p e n d e n t pelvis. O th e r  com m on  causes o f pelv ic  ab- 
scesses in c lu d e  ap p en d ic itis , d ive rticu litis , and  pelvic 
in ílam m ato ry  d iseases. A lthough  m o st abscesses are 
d ra in e d  tran sab d o m in a lly  w hen  possib le, the pelv is re- 
p r e s e n t s  a  c h a l l e n g ẹ  d u e  t o  o b s c u r i n g  b o w e l  l o o p s  ÍT o m  

ileu s and  th e  ab u n d a n ce  o f vascu lar s tru c tu re s . A lter- 
na tive  ap p ro a ch es  o f transrecta l and  transvaginal 
d ra inage  g u id e d  by  u ltra so u n d  as well as transg lu tea l 
d ra inage  g u id e d  by  co rnpu ted  tom ography  (C T) are 
eniployecl rou tine ly .

L iver abscesses are co m m o n  an d  they  can  be 
e iih e r  s íng le  o r m ultip le . Síngle pyogenic abscesses 
are  íreq u e n tly  lọcated  in  the  rig h t lobe, w hereas 
m u ltip le  abscesses occu p y  b o th lo b e s . D rainage of single 
abscesses c a n  o ften  be gu ided  by u ltra so u n d  alone, bu t 
m u ltip le  abscesses typ ically  req u ire  m u ltip le  d ra in s  and  
are  CT guicled. S ubd iaph ragm atic  abscesses rep rese n t a

c h a lle n g in g  lo c a tio n  a n d  re q u ire  a co m b in a tio n  o f im - 
ag ing  p ro c e d u re s  fo r gu id an ce .

P an c re a tic  ílu id  co llec tio n s  o c c u r  fo llow ing  epi- 
so d es o f acu te  p an c rea titis . T hey  can  p re se n t early  as 
p a n c rea tic  n ec ro s is  o r  la te  as sy m p to m atic  p seudocysts . 
C T  is th e  u su a l rn e th o d  o f d ra in ag e  in  these cases. As- 
p ira t io n  w ith o u t c a th e te r  p la ce m en t is n o t ap p ro p ria te  
as th e  ch an ce  o f  re c ư rre n c e  ap p ro a c h e s  70%.

PROCEDURES

B eíòre s ta r tin g  the  p ro c e d u re , it is im p o rta n t to  en su re  
th a t d ra in a g e  is clin ically  in d ic a ted , co ag u lo p a th y  is 
c o rrec téd , an d  th e  im ag in g  m odali-ty an d  the  ap p ro a c h  
are  ch o sen . B ro ad -sp e c tru m  a n tib io tic s  are usua lly  
g iven  1 h o u r  p re p ro c e d u re . T he  p ro c e d u re  is u sua lly  
p e rfo rm e d  w ith  a c o m b in a tio n  o f in tra v e n o u s  co n sc io u s  
se d a tio n  ( ỉen tan y l, v ersed ) an d  local an esth esia . A di- 
ag n o s tic  scan  is typ ically  o b ta in ed  w ith  a raclio -opaque 
sk in  m a rk e r.

D iagnostic  a sp ira tio n  w ith  a 22-gauge n eed le  w ill 
co n firm  th e  d e p th  o f th e  cavity  as w ell as the  p a th  for 
c a th e te r  p lacem en t. T he a sp ira te  s h o u ld  be  e x a m in e d  by 
g ram  s ta in  an d  c u ltu re , a lth o u g h  o rg an ism s m ay no t be 
fo u n d  if  p a tie n ts  have  b ee n  rece iv ing  an tib io tics . W hite  
ce lls  ca n  be ab sen t if p a tie n ts  are  im m u n o co m p ro m ỉsed . 
In  a d d itio n , th e  p re se n ce  o f c re a tin in e  suggests  a u ri- 
n o m a , b iliru b ỉn  suggests  b ilo m a, fat g lobu les  suggest 
ly m p h o ce le , an d  am ylase suggests  p seudocysts . C are 
is ta k e n  n o t to  d ec o m p ress  th e  abscess cav ity  com - 
p le tely . T h e  ex ch an g e  oí th e  a sp ira tio n  n ee d le  for the 
c a th e te r  is d o n e  u s in g  th e  S e ld inger te c h n iq u e  o r  the  
ta n d e m -tro c a r  te ch n iq u e  an d  a la rge  ca th e te r  o f 1 2 - to 
14-gauge lu m e n  is left for d ra in ag e . T h ere  a re  m any 
types o f  ca th e te rs . P ig tails are  th e  m o s t co m m o n  
tỵpes, a n d  th e  d ra in a g e  s ite  is left in  th e  d e p e n d e n t 
p o s itio n  if  possib le . A fter ca th e te r iz a tio n , th e  cav ity  is 
írr íg a te d  m an y  tim es an d , m o s t im p o rta n tly , the  d ra in  is 
se cu red  ex te rn a lly . F inally , a n  ad d itio n a l scan  is com - 
p le te d  to  en su re  th a t th e re  are  no  u n d ra in e d  co llec tions.

D aily d ra in  care  an d  in sp e c tio n  are  p a ra m o u n t. T he 
u su a l re c o m m e n d a tio n  for ílu sh in g  is 5 m l, th ree  o r four 
tim es a day, to p re v e n t clogging . W h e n  th e  c a th e te r



cỉrains less th a n  10 m l fo r a 2 4 -h o u r p e rio d , it is u sua lly  
rea so n ab le  to  rem ove it, b u t  i t i s im p o r ta n t  to  co n íìrm  th a t 
th e  decrease  in  d ra in a g e  is n o t se co n d a ry  to  b lockage . 
S u d d en  decrease  in  d ra in a g e  can  be se co n d a ry  to  c a th e te r  
o b s tru c tio n . Im ag ing  w ith  e ith e r  CT o r  a s in o g ram  is 
im p o r ta n t to d e m o n s tra te  co m p le te  d ra inage.

C L IN IC A L  TR1ALS

T h ere  is a lack  o f  ran d o m ized  c lin ical tria ls  co m p arin g  
su rg ica l d ra inage  to  p e rc u ta n e o u s  d ra in a g e  o f  abscesses. 
In  a re tro sp ec tiv e  rev iew  o f 32  p a tie n ts  w ith  C ro h n 's  
d isease  w h o  u n d e n v e n t p e rc u ta n e o u s  d ra in ag e  from  
1985 to 1999, th e re  w as a 95%  success ra te , w ith  
50%  o f p a tien ts  av o id in g  su rgery  in  the  sh o r t lerm  
( <  60  days). T h ere  w as n o t any  s ig n iíìcan t in c rease  in  
n ee d  for su rg ery  lo n g  te rm  am o n g  those  p a tie n ts  irea ted  
by  d ra inage . T he abscess rec u rren c e  ra te  o f 22% w as 
co m p arab le  to  su rg ica l d ra inage.

A lthough  m o st re tro sp e c tiv e  s tu d ies  o f  p e rc u tan e - 
o u s  d ra in ag e  have sh o w n  p ro m is in g  resu lts , o n e  rev iew  
o f  160 unsele-cted p a tie n ts  w ho  u n d e rw e n t d ra in a g e  of 
p an c re a tic  p se u d o cy sts  revealed  low er su ccess  (88  vs. 
42% ), h ig h e r  m o rta lity  (16  vs. 0% ), m o re  co m p lic a tio n s  
(6 4  vs. 27% ), an d  lo n g e r h o sp ita l s tay  (45 vs. 18 d ays) in  
the  p e rc u ta n e o u s  đ ra in ag e  g roup .

C A T H E T E R  C O M P L IC A T IO N S

In  an  o ld e r re tro sp e c tiv e  s tu d y  o n  the use o f  p e rcu ta - 
n e o u s  d ra in ạg e  in  118 p a tie n ts  from  1979 to  1984, th e re  
w as a re p o rte d  4.2%  m a jo r co m p lic a tio n  ra  te , w h ic h  
in c lu d es  sep tic  sh o c k , h em o rrh ag e , s u b p h re n ic  abscess, 
a n d  ío rm a tio n  o f  an  a r te rio v en o u s  íìs tu la , a n d  a m or- 
ta lity  ra te  o f  2.5% . O th e r  co m p lic a tio n s  in c lu d e  the 
ío rm a tio n  o f a n  en te ric  B stula, w h ic h  p re se n ts  as a 
ch an g e  in  c h a rac te r  a n d  v o iu m e o f the d ra inage .

C O N C L U S IO N

T here  is still som e debate am ong  a u th o ritie s  o n  surg ical 
ap p ro ach es and  p ercu tan eo u s  d rainage o f abscesses, b u t  
the  m ajo rity  o f patien ts w ho  develop  in tra ab d o m in a l 
abscesses are now  trea ted  noninvasively . T h is app roaeh  
h as rad ically  changed  the surg ical m an ag em en t o f m any  
p a tien ts  an d  h as allow ed them  to avoid a n  o p en  surg ical 
ap p ro ach , w h ich  m ay increase th e ir ch an ces  for o th e r 
postopera tive  com plications. T he in c reasin g  use of an d  
d em an d  for gu ided  p erc u tan e o u s  d rainage will revolu- 
tion ize the trea tm en t o f m any  surg ical d iso rders as 
w ell as offer clin ic ians and th e ir  p a tien ts  an o th er less 
invasive o p tion  for drainage.

See A lso the Follow ing Articles

C om puted  Tom ography (C T ) •  L iver A bscess
•  Pancreatic P seudocysts
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Percutaneous Endoscopic Gastrostomy (PEG)
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enieral Bv w ay o í  the gastrointestinal tract. 
íluoroscop y  Exam ination o f the tissues u sin g  an X-ray 

íluoroscope. 
gastrostom y An opening into the stom ach. 
ligam ent o f T reitz Suspensory m uscle o f the duodenum  thai 

anatom ically d ivides the duodenum  from the jejunum . 
parenteral By m eạns other than the gastrointestiĩial tract, 

such as via intravenous irýection. 
vo lvu lus T w isting of ihe intestine, resulting in obstruction.

T h e p la cem en t o f  a p e r cu ta n e o u s  e n d o sc o p ic  g a str o sto m y  
tu b e  is  a w id e ly  u sed  m eth o d  o f  d e liv e r in g  en tera l  
n u tr it io n  to  ih o s e  u n a b le  to  eat. T he p r o c e s s  in v o lv es  
i iise r t in g  a th in  tu b e  th ro u g h  th e  w a ll  o f  th e  a b d o m en  
in to  th e  stơ m a ch ; the tu b e  a l lo w s  n u tr ien t a u g m en ta tio n ,  
flu id  a d m in is ir a tio n , OT m e d ica tio n  d c liv ery . In p ro p er ly  
se le c te d  p a tie n ts , th e  p ro ced u re  is  sa fe , vvell to lera ted ,  
and  su c c e s s ỉủ l  in  over  90%  o f  in d iv id u a ls .

IN T R O D U C T IO N

As the p o p u la tio n  ages an d  liíc -susta in ing  techno l- 
ogies are advanced , m any c ircu m stan ces arise  in 
w h ich  p a tien ts  are u n ab le  to  eat o r to le ra te  oral in take. 
In  th is se ttin g , ad d itio n a l m eans ex ist to p rov ide 
n u tr itio n , ílu id s , and  m ed ica lions, e ith e r  by  en tera l o r 
paren tera l m ethods. W h en  possib le, en te ra l íeed ing  is 
the p referred  ro u te  to p rov ide n u tr itio n  to  pa tien ts  
w ilh  a íu n c tio n in g  g as tro in tes tin a l (GI) system . By 
m ain ta in in g  even  a m in im al exposu re  o f n u tr ie n ts  to 
the  enteral Gì trac t, th e re  are s ign iíicân t benefits for 
th e  p a tien t, in c lu d in g  p rese rv in g  the íu n c tio n  of the 
en teral im rn u n e  system , p rev en tin g  m ucosal a trophy , 
m a in ta in in g  the  n o rm a l g u t ílo ra , an d  red u c in g  the 
inc idence o f sepsis. In  ad d itio n , en te ra l n u tr it io n  is 
generally  sa íe r an d  less costly  than  p aren te ra l n u tritio n . 
F o r sh o rt- te rm  needs, n aso en te ric  feeding tubes are safe, 
effcctive, an d  easy to p lace an d  sub seq u en tly  to rem ove. 
H ow ever, w hen  oral in tak e  will be com prom ised  
for a n  ex ten d e d  p erio d  of tim e, p e rc u tan e o u s  endo- 
scop ic  gas tro s tom y  (PEG ) tubes have becom e the  de- 
livery system s o f choice. ln tro d u c e d  in  the early  1980s, 
PEG tubes have several advan tages over surg ical 
gastrostom ies. PEG tu b es can be p laced  u sing  on ly

m ild  s e d a tio n  an d  to p ica l an es th es ia  a n d  re q u ire  less 
tim e  c o m p ared  to  su rg ica l g as tro s to m ie s , w h ich  are  gen- 
era lly  p e rfo rm e d  u n d e r  g en era l an esth esia . In  a d d itio n , 
PEG tu b es  are  less ex p en siv e  an d  have few er com plica- 
tio n s  c o m p ared  to  su rg ica l g as tro s to m ỉes.

IN D IC A T IO N S  A N D  
C O N T R A IN D IC A T IO N S

In the  a d u lt p o p u la tio n , the  m o st co m m o n  c o n d itio n s  
th a t lead  to  PEG p la c e m e n t are  n eu ro lo g ic  d iso rd e rs  
su ch  as s tro k es , am y o tro p h ic  la teral sc le ro sis , n eu ro - 
logic tra u m a , an d  d em en tia . O th e r  illn esses  in c lu d e  
h ea d  a n d  lieck  can ce rs , facial trau m a , a n d  th e  sh o r t 
b ow el sy n d ro m e. PEG  tu b e s  are m ost o ften  p ỉa ce d  for 
the  p u rp o se  o f p ro v id in g  lo n g -te rm  en te ra l n u tr itio n . 
O th e r  goals m ay in c lu d e  d ec reas in g  the  r isk  o f asp ira- 
tion , im p ro v in g  su rv ival, d ec reas in g  ihe r isk  o f infec- 
tio n , an d  h ea lin g  p re ssu re  u lcers. At tim es, PEG tubes 
are also p laced to a llow  decom pression  o í  the Slomach, 
s u c h  as in  th e  se ttin g  o f m a lig n an t in te s tin a l o b s tru c tio n  
o r  g as tric  o u tle t o b s tru c tio n , o ften  re ỉe rre d  to as a 
“v en tin g ” PEG. Less co m m o n  in d ic a tio n s  in c lu d e  trea l- 
m e n t o f  gastric  v o lv u lu s  via íix a tio n  o f  th e  s to m ac h  to 
the  a n te r io r  ab d o m in a l w all, an d  to  a llow  access to  the 
s to m a c h  for tran sg a s tr ic  su rg ica l in s tru m e n ta tio n .

A b so lu te  c o n tra in d ic a tio n s  to  PEG  p la ce m en t are 
the  in a b ility  to ađ v an ce  the  g as tro sco p e , a lim ited  life 
ex p e c tan c y , o r th e  in a b ility  to  b r in g  the  gastric  w all an d  
a n te r io r  ab d o m itia l w all in  a p p o s itio n  (w h ich  is re- 
q u ire d  fo r p ro p e r  h e a lin g  a n d  trac t ío rm a tio n ) . T he in- 
ab ility  to  tra n s illu m in a te  the  a n te r io r  ab d o m in a l w aỉl is 
c o n s id e re d  by  m an y  to  also  be  a c o n tra in d ic a tio n  to 
p lacem en t. H ow cver, th e re  are d a ta  to  suggest tha t 
w ith  d efin ite  lo ca liza tio n , w ith  e x te rn a l p a lp a tio n , 
an d  in  the  absence  o f a ir  a sp ira tio n  p r io r  to  n eed le  vi- 
su a liz a tio n  (see b e lo w ), the  te ch n iq u e  can  be p e río rm e d  
safely. T h ere  are  re la tiv e  c o n tra in d ic a tio n s  as w ell, in- 
c lu d in g  c o m p ro m ise d  w o u n d  hea ling , m o rb id  obesity , 
m assive  asc ites, co a g u lo p a th y , gastric  v arices , h is to ry  of 
su b to ta l gas trec to m y , p e rito n e a l d ia lysis, p o rta l hyper- 
te n s io n , la rge  h ia ta l h e rn ia , h ep a to m eg a ly , an d  neo p las- 
tic o r  in íiltra tiv e  d isease  in vo lv ing  th e  gastric  w all.



PEG IN SE R T IO N

T he fo llow ing d esc rip tio n  is a Standard tech n iq u e  for 
p lac in g  PEG tubes. P río r to the p ro ce d u re , in trav en o u s 
an tib io tics  arc typically  ad m in isie red  to m in im ize infec- 
tious com plications. An endoscope is passed  th ro u g h  
the m o u th  and  esophagus and  in to  the stom ach . The 
s to m ach  is insufflated  w ith  aìr to íu lly  d is ten d  it. The 
room  ligh ts are low ered  and  th ro u g h  the  use of ex ternal 
p a lp a tio n  of the  a n te r io r  abdom inal w all, com bined  
w ith  in te rna l tran s illu m in a tio n  th ro u g h  the  gastric 
w all, the  site for PEG tube in se rtio n  is iden tified . This 
site is m arked  and  th en  p rep a red  w ith  a cleansing  so- 
lu tio n  and  a s te rile  field is created . Local an esth e tic  is 
a d m in is te red  to th is site. A sm all-ca liber need le  is in- 
se rte d  along  the p rọ ịec ted  tube in se rtio n  trac t for con- 
firm ation . T he need le  is sIowly advanced  in  the 
d irec tio n  o f the s to m ach  lu m en  w hile  co n tin u o u s  neg- 
ative p ressu re  is being  app lìed  to the p lunger. E ndo- 
scop ic  v ìsualization  of the need le  tip  as it p ierces the 
gastric  vvall m ust co inc ide  w ith  asp ira tion  of air back 
in to  the syringe. A sp ira tion  of a ir bubb les p rio r  to en- 
d osco p ic  v isua lization  of the needle suggesls the pene- 
tra tio n  of an  in te rp o sed  ho llow  viscus (e.g., co lon) and  
sh o u ld  p ro m p t im m ed ia te  rem oval of the  needle . O nce 
the d irec t trac t o f the PEG tube has been  con íìrm ed  in 
th is m anner, a sk in  inc ision  app ro x im ate ly  1 cm  in 
len g th  is m ade to allow  passage of a trochar. T he tro ch a r 
is passed  th ro u g h  the sk in  incision  in to  the stom ach  and 
a Aexible gu idew ire is advanced  th ro u g h  the  trochạr. 
A sn a re  is then  passed  th ro u g h  the  en d o sco p e  in to  the 
stom ach . T he snare  is o p ened  and  m a n ip u la ted  to 
secu re  the en d  of the  guidevvire. T he scope, snare , and  
guidevvire are th en  w ith d raw n  th ro u g h  the  m o u th  as a 
sing le un it.

At th is p o in t in  the p ro ce d u re  e ith e r a “p u ll” or 
“p u sh ” techn ique  can be  perfo rm ed . Both m ethods 
have s im ilar success rates, and  choice is based  on  op- 
e ra to r p reference an d  experience. U sing the p u ll tech- 
n iq u e , a loop  on  the m ost p ro x im al end  o f PEG tube is 
tied  to the end  of the  gu idew ire  th a t w as w ithdraw n  
th ro u g h  the m ou th . T he tube is generously  lub rica ted  
an d  the gu idew ire  w ith  the a ttach ed  PEG is ‘‘p u lle d ’' 
b ack  th ro u g h  the m o u th  in to  the s to m ach  (rom  the 
site o f the sk in  incision . T he tapered  tube passes th ro u g h  
the  stom ach  w all an d  em erges th ro u g h  th e  p rem ad e skin 
inc ision . T rac tio n  is app lied  u n til gen tle  resistance, 
caused  by an  in te rn a l b u m p e r a ttach ed  to the distal 
en đ  o f the tube , is felt. O nce m ild  resis tance is m et, 
the PEG tube is secu red  in place w ith  an ex terna l bum - 
per. T ube m ark ings (in  cen tim ete rs) ind ica te  the dis- 
tance betw een  the in te rna l and  ex terna l bum pers. This 
d is tance , w h ich  is typically  betw een  3 an d  6 cm , is

reco rd ed . U sually , the endoscope is re in se rted  to visu- 
alize the in te rn a l b u m p er, in o rder to verify th a t the re  is 
the a p p ro p ria te  a n io u n t o f trac tio n  o n  the tube, al- 
th o u g h  th is s tep  is no t requ ired . A top ical an tib io tic  
o ìn tm en t is ap p lied  to  the skin site and  the area is dres- 
sed  an d  bandaged . T he su p e rílu o u s ex ternal p o rtio n  of 
the PEG tube is tr im m ed  to a w orkab le  leng th . An ab- 
do m in a l b in d e r  is app lied  to help  keep  the  tube in place 
an d  m in im ize th e  risk  of in ad v erten t tube rem oval w hile 
the  trac t m atu res. T he p ush  techn ique differs in  ihat the 
tube has a Central lum en , th ro u g h  w hich  the guidew ire 
is passed. The tube is “p u sh e d ” over the gu idew ire  and 
advanced  u n ú l it em erges th ro u g h  the sk in  suríace. It is 
th e n  secu red  in  a m an n er sim ilar to that used  in  the pull 
techn ique . A less com m only  p erío rm ed  alternative to 
the  p u sh  and  p u ll techn iques is the d irec t p lacem ent 
m e th o d , w h ich  uses a tro ch a r w ith  a peel-aw ay suríace 
tha t delivers the  PEG tube and in te rna l b u m p e r in to  the 
s to m ach  lu m en , o b v iaú n g  the need  10 use a guidew ire.

P E R C U T A N E O U S E N D O SC O P IC  
JE JU N O ST O M Y

C linical scenario s  o cc u r w hen en tera l n u tr itio n  deliv- 
ered  d irec tly  to  ihe sm all bow el is ind ica ted , and  a PEG 
tube w ill n o t suffice. D irect p e rc u tan e o u s  endoscopic 
je ju n o s to m y  (PEJ) tubes are an  available o p tion  for en- 
teral access in these  situations. Ind ica tions for PEJ lub ts 
in c lu d e  p a tien ts  w ho have u n d erg o n e  gasiric resection 
or have gastric  o u tle t o b stru c tio n , gastric dysm otility , or 
a n o n íu n c ú o n ìn g  gastro je junostom y , o r p a tien ls  at sig- 
n ifican t risk  for asp ira tion  events. PEJ tubes are placed 
in  a m a n n e r s im ila r to that of PEG tubes. A push  en- 
le ro scope, w h ich  is longer than the Standard upper en- 
doscope, is u sed  and  passed  in to  the  je ju n u m  beyond the 
ligam en t of T reitz . As w i t h  PEG in se rtio n , transillum i- 
n a tio n  of a loop  of sm all bow el m u st be achieved foi- 
low ed by the in se rtio n  of ạ feeding tube in to  the 
je ju n u m , u s in g  the  techn ique d escribed  for PEG place- 
m en t. T he tubes used  for PẸỊs are those íou n d  in Stan
d ard  PEG kits. F luoroscopy  o r a co m b in ed  approa th  
w ith  a g as tro en te ro lo g is t and rad io log ist is often used 
to íacilita te  the p lacem en t of PEJ tubes. A lthough tle  
p ro c e d u re  is m o re  te c h n ic a lly  d e m a n d in g , the  success 
rate  is co m p arab le  to th a t of PEG placem ents. Direct 
PEJ tubes sh o u ld  be d iffe ren tia ted  from  je ju n a l tubts 
tha t are p laced  th ro u g h  gastrostom y o r PEG tubes (tte  
so-called  JE T -P E G ). These tubes are o íten  used ftr 
in d ica tio n s  s im ila r to those  for d irec t PEJ tubes, but t 
has been  sh o w n  th a t the  je ju n a l p o rtio n s of the;e 
tubes tend  to m ig ra te  back  in to  the stom ach , essentialy  
ren d e rin g  th em  a PEG tube.



COMPLICATIONS

PEG placcm ent is generally  a safe ancỉ w ell-to le ra ted  
procedưre. T he p rocedu re  has an asso c ia ted  m o rta lity  
rate  oí approxim ately  1 %, w ith  m ạ jo r co m p lica tio n s  
óecurring  in 2 .5—3% of cases. C o m p lic a tio n s  can  be 
d iv ided  in to  m ajo r and  m in o r categories. M ajor com - 
plications inc ludẹ perío ra tio n , p e rito n itis , asp ira tio n , 
gastroco locu taneous Rstula, n e c ro tiz in g  íasciitis, an d  
p rem atu re  device d islodgm ent. M in o r co n ip lica tio n s  
inc lude peristo raal w ound  in íec tio n , w h ic h  is the 
rnost com m on com plication . A n tib io tic  p ro p h y lax is  
w ith 1 g of cephazơ lin  30 m in u te s  p r io r  to  th e  p ro ce d u re  
is recom m ended to reduce the in c id en c e  o f  th is  com - 
p ỉication . A dditional n iino r co m p lic a tio n s  in c lu d e  tube 
rnalfunction  o r clogging, leakage a ro u n d  th e  tube site, 
and  m igration  of the tubc. Less com  m o n  co m p lica tio n s  
also incluđe im p lan ta tion  o r seed in g  o f  tu m o r cells at 
the PEG tube síte, ao rtogastric  fistu la , an d  gastric  
volvulus.

ETHICAL CONSIDERATIONS

It is u n ío rtu n a te  that m ost p a tien ts  in  n ee d  o f  a PEG tube 
are severely clebilitaled and  o íten  n ea r th e  end  o f life. 
Bccause o f th is , PEG use has o ften  been  th e  su b jec t of 
chargecl e th ica l de-bate. In a difficu.lt an d  em o tio n a ỉ set- 
ting  such as this, it is essen tial th a t th e  goals oí the 
in ie rven tion  are clear, and  the risk s  an d  beneR ts th o r- 
oughỉỵ  eonsidered . A lthough th e re  are m an y  cu rren tly  
accepted in d ica tio n s for PEG p lacem en t, very  few clata 
are available to d irectly  su p p o rt its use , d esp ite  being  a 
com m only  p erío rm ed  p ro ceđ u re  for o ver 20 years. A 
keen exam ple is the use of PEG tu b es to re d u c e  th e  risk  
of asp ira tion  pneum on ia . A lth o u g h  d ire c t in s tilla tio n  of 
n u trien ts  in  to the stom ach  obv iates p ro b lem s w ith  sw al- 
lovving food, to date , th e re  have b een  n o  tr ia ls  th a t con- 
clude e itb e r PEG o r PEJ tu b es red u c e  the  risk  o f 
asp iration . E n tera l íeed ing  tu b es w ill no t e lim in a te  as- 
p ira tion  oí o ropharyngea l sec re tio n s , a c o m m o n  an d  
recu rren t cause of asp ira tion . F u rth e r , i t  has been  
suggested  th a t PEG tubes can ac tua lly  inc rease  the 
am oun t of gastroesophageal re ílux , a risk  ỉa c to r  for as- 
p ira tion , by a lte rin g  the g astroesophageal angle. S im ilar 
to the case for asp ừ a tio n , there  are few d a ta  to su p p o rt 
PF.G use to decrease m orta lity , im p ro v e  w o u n d  healing , 
o r im prove m ark e rs  o f n u tr itio n . T hese  a reas  deserve 
fu rther study .

W h en  the  bene íìt o f a p ro ce d u re  is in  q u es tio n , the 
risks of the p ro ce d u re  m ust be ca re ỉu lly  ex am in ed . PEG,

a lth o u g h  genera lly  accep ted  as a safe p ro ce d u re , does 
ca rry  risk s  o f m o rb id ity  and  even m orta lity , 
as p rev io u sly  described . In several large stu d ies , the 
1-year m o rta lity  ra te  afte r PEG p lacem en t w as g rea te r  
than  50% . In th is  severely  ill p o p u la tio n , a lte rn a tiv e  
non in v asiv e  ap p ro a ch es  sh o u ld  alvvays be p rese m cd . 
P o stp ro ced u ra l e th ica l issues also  n ee d  to be consid - 
ered . T hese  in c lu d e  th e  fact th a t o ften  physical and  
chem ical re s tra in ts  n eed  to be used in  o rd e r  to  p rev en t 
co n íu sed  o r  ag ita ted  p a tie n ts  from  p u llin g  o u t the tu b e , 
w ith  the  a t te n d a n t co m p lica tio n s. A cỉditionally , w h e n  
PEG feed ings a re  to be u sed  on  a tria l basis, the en d  
p o in ts  for d isc o n tin u in g  PEG use , su c h  as d u ra tio n  an d  
im p ro v e m en t in  c lin ica l p a ra m ete rs , sh o u ld  be c learly  
se t p r io r  to p lacem en t. All p a tie n ts  o r  th e ir  su rro g a te s  
sh o u ỉd  be íu lly  in ío rm e d  o f  the  p o te n tia l bene íìts , risks, 
and  a lte rn a tiv es  to PEG p lacem en t.

CONCLUSION

Since its  d e sc rip tio n  as an  a lte rn a tiv e  to  o p en  gastro - 
stom y, PEG tu b e  p la ce m en t h as  b ecom e a co m m o n  en- 
doscop ic  p ro ce d u re . A p rag m atic  u n d e rs ta n d in g  o f the 
realized  b en e íìts  o f  PEG p la ce m en t and  en te ra ì íeed ing , 
as w ell as th e  risk s , by  b o th  the h ea lth  ca re  team  an d  
p a tien t, is an  essen tia l first. s tep  in  the  p rocess. In the 
fu tu rc , tech n o lo g ica l advances^ co m b in ed  w ith  resp o n - 
sible p a tie n t se lec tion , w ill o p tim ize  th e  use o f the PEG  
procecỉure fo r o p tim iz in g  delivery  o f  e n te ra l feed ing  in 
v arious c lin ical se ttings.
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Percutaneous Transhepatic 
cholangiography (PTC)
P a u l  V . SUHOCKI

D u ke  U n ivers ity  M ed ica l C en te r

c h o le d o c h o c e le  C ystic  b ilíary  d ila ta tìon  vvithin the w all o f  
the d u o d e n u m .

c h o le d o c h o e n le r o s to m y  A n a sto m o sis  crea ted  b e tw e e n  b ile  
d u ct and  in te stin e . T h e  m o st  c o m m o n ly  p eríorm ed  
a n a sto m o sis  is belvveen  b ile  d u ct an d  je ju n o s to m y  
(R o u x -en -Y ) b eca u se  ú  e lim in a te s  b iliarv  retlu x  o f  food  
m alerìa l.

e n d o sc o p ic  retrograd e c h o la n g io p a n c r e a to g r a p h y  V isu a liza -  
tion  o ĩ  the b ile  d u c ts  a n d  p an creatic  d u ct, a ch iev ed  by  
in je c tin g  io d in a ted  co n tra sl m e d iu m  th ro u g h  an e n d o -  
sc o p e  in to  the b iliary  and  p a n crea tiễ  d u c ls  in  a 
retrograde m anner.

m a g n e iic  r e so n a n c e  ch o la n g io p a n c r e a to g r a p h y  V isu aliza- 
tion  o f  ih e  b íle  d u c ls  and  p an crea lic  d u ct, a ch iev ed  
d u r in g  m a g n e lic  reso n a n c e  im agíng; d o e s  n ot requ ire  
contrasl m edium  10 be injé'Cied inlo ihe ducts. The ducts 
are v is ib le  b eca u se  o f  d ifferen ce s  b e lw e e n  the m a g n etic  
p ro p erú es  o f  ih e  b iliary /p an crea tic  flu ìd  an d  su rr o u n d in g  
t issu es.

p e r c u ta n e o u s  tr a n sh e p a tic  ch o la n g io g r a p h y  V isu alizarion  
o f  th e  in trah ep atic  and ex tra h ep a tic  b ile  d u cts , 
a ch iev ed  by in je c tin g  io d in a ted  co n tra st m e d iu m  in to  
the b ile  d u cts . In jectio n  is d o n e  by p a ss in g  a n e e d le  and  
ca th eter  th ro u g h  the a b d o m in a l w a ll, th r o u g h  the liver  
c a p su le , an d  in to  the b ile  d u cts . P ercu ta n eo u s a ccess  
to  the b ile  d u c ts  a lso  a llo w s  the o p era lo r  to perform  
b iliary  tract in te r v e n tio n s  su c h  as p e r c u ta n e o u s b iliary  
drainage.

p o r to e n te r o s to m y  Su rgica l trea tm en t (K asai) p ro ced u re  for 
ex tra h ep a tic  biliary arlesia . A R o u x-en -Y  lim b  is 
a n a sto m o se d  to the d isse c te d  R brous b iliary  p la te  on  
ih e  u n d ersu r ía cc  o í the liver.

Percutaneous transhepatic cholangiography (direct irýec- 
tion of iodinated contrast medium into the bile ducts 
under tluoroscopy) is a method of imaging the bile 
ducts with contrast medium. Prior to the emergence of 
endoscopic retrograde cholangiopancreatography 
(ERCP), which involves inịection of contrast Tnedium 
into the biliary tree endoscopically through the ampulla 
of Vater, percutaneous transhepatic cholangiography 
(PTC) was the sole means of imaging the bile ducts 
with contrast medium. Currently, because ERCP is less 
invasive ihan PTC for obtaining a cholangiogram, it is the

method of choice in medical centers that are staffed 
by endoscopists who are adept at the procedure. Cho- 
langiography obtained by irýection of iodinated  
contrast medium into the bile ducts during ERCP or 
PTC is considered to be the gold Standard for bile duct 
imaging.

INDICATIONS FOR PTC

C o m p u ied  tom o g rap h v  (C T ), u ltra so u n d  (U S ), and m ag- 
nelic  resonance cho lan g io p an crea to g rap h y  (M RCP) 
have em erged  over the p as t two decades as noninvasive 
m eans of v iew ing the  bile ducts. T hese m odalities do no t 
req u ire  irýec lion  of iod ina ted  co n tra st in to  the bile 
ducts . H ow ever, c u rre n t technical lim ita tions m ake 
the  bile d u c t deta il o b ta ined  w ilh  these im aging m ethods 
in íe r io r  to tha t o b ta in ed  w ith  PTC and  ERCP. T his is 
pa rticu la rly  true  for v isualization  of the subsegm ental 
hile ducts.

PTC is in d ica ted  for the follow ing reasons:

1. To d e te rm in e  the  level o f b iliary  o b stru c tio n  and 
to a ttem p t to categorize the lesion as b en ig n  or 
m alignan t.

2. F o r p reo p e ra tiv e  delinea tion  o f bile d u c t anatom y. In 
th is  case, it  is im p o rta n t to d em o n stra te  the am o u n t of 
n o rm al b ile d u c t above an  obstru c tio n  for p la n n in g  a 
ch o led o ch o en te ro s to m y  an d  also for exc lud ing  the 
p resence  of v a rian t b iliarv  anatom y.

3. T o d e te rm in e ifa b ilia ry s tr ic tu re  isp re s e n tin th e p a ti-  
en t w ith  no rm al-ca ỉib er b ile ducts on cross-sectional 
im ag ing  and  to assess clin ical and  labo ra to ry  evidence 
o f b iliary  o b stru c tìo n . T his scenario  is m o st often  en- 
c o u n te red  in  the postopera tive  p a tien t (b iliary  bypass, 
p a rtia l liver resec tion , o rth o to p ic  liver transp lan t) 
w ho has u n d erg o n e  cho ledochoen te ro stom y .

4. To p rov ide  a p e rc u tan e o u s  transhepatic  trac t for 
íu tu re  p e rc u tan e o u s  in te rv en ú o n s, such as bile 
d u c t b iopsy , stone rem oval, balloon  d ila ta tio n  of a 
b iliary  s tr ic tu re , or p lacem en t of a p e rm an en t metal- 
lic s te n i across a nonoperab le  m alignan t biliary 
occlusion .



PREPRO CEDUR E W O R K U P

T he patien t has usua lly  had  a CT scan, ab d o m in al m ag- 
netic resonance im aging (M RI), M RCP, o r liver u ltra - 
so u n d  p rio r to PTC. when oh stru c tiv e  ch o lan g itis  is 
suspected , these stud ies  will have su p p lied  in íb rm a tio n  
ab o u t the presence o r absence o f b ile d u c t d ila ta tio n , 
o bstruc ting  m ass, gallstones, b iliary  s tr ic tu re s , co llect- 
ions of bile, and ascites. Bile co llec tio n s re la ted  to bile 
leak  are d ra in ed  p erc u tan e o u sly  u n d e r  CT o r u ltra - 
so u n d  gu idance before PTC. W h e n  the p resen ce  
of biliary  patho logy  is suggested  on  these s tu d ies , 
ERCP is u sua lly  p e río rm e d  n e x t to p rov ide  in ío rm a tio n  
ab o u t the bile du cts  w ith  an  io d in a te d  co n tra s t ch o lan - 
g iogram . ERCP is associa ied  w ith  less risk  than  P T c  an d  
obviates the need for PTC if techn ically  successíu l. 
ERCP can be u n su ccessíu l because of: poslo p era tiv e  
ana tom y  (R oux-en-Y ), d ifficu lty  p assin g  the en d o sco p e  
th ro u g h  the d u o d en u m  because oí a d u o d en a l s tr ic tu re  
re la ted  to p ancrea titis  o r tu m o r, inab ility  to v isuạ lize  or 
can n u la te  the am pu lla  of V ater because  o f d u o d en a l 
s tric tu re  o r tu m o r, an d  inab ility  to ach ieve an  ad cq u ate  
level of sedation .

W hen PTC  becom es necessary , in fo rm ed  c o n se n t is 
o b ta in ed  (rom  the  p a tien t o r g u ard ian . G enera l anesthe - 
sia is arranged  (or the  p ed ia tric  p a tie n t o r  the adu lt 
p a tien t in w hom  an ad eq u a te  level o f co n sc io u s se d a tio n  
c a n n o t be achieved. A ntib io tics are ad m in is te red  in tra - 
venously . C oagu la tion  an d  p la te le t c o u n t ab n o rm a litie s  
arc co rrec ted  to as n ea r  n o rm al as possíb le. Vital signs 
are m o n ilo re d  th ro u g h o u t the case. T he p a tíen t is given 
co rtico sie ro id s  p rio r  to the  p ro c e d u re  if an allcrgy  to 
io d in a ied  co n tra s t exists.

T E C H N IQ U E

A rad io logist perfo rm s PTC  in ihe ìn te rv en tio n a l su ite  of 
the d e p a rtm en t of radiology. A d ed ica ted  in te rv en tio n a l 
rad io logy  nurse  ad m in is te rs  co n sc io u s sed atio n  an d  
m o n ito rs  v ital signs th ro u g h o u t the p ro ced u re . T he pa- 
tien t is p laced  p rone  on  a riuo roscopy  tab le in a room  
ou tR tted  w ith  a m u ltiang ic  im age in ten siíĩe r. T he abdo- 
m en  is p rep p e d  an d  d ra p e d  in  ste rile  fash ion  from  the 
level of the n ip p le s  to the  u m bilicus. A 22-gauge C hiba 
need le  is passed  in to  the liver u n d e r  ílu o ro sco p ic  gu id- 
ance. The sty le t is w ith d raw n  an d  co n tra s t is in jec ted  
th ro u g h  the need le  w h ile  the need le is re tra c te d  slow ly. 
The o p e ra to r  s to p s re trac tin g  the need le  w hen  c o n tra s t 
flows into a b ile  duct. Several m ìllilite rs  o f co n ira s t are 
irýected in to  the  ducta l system . A 0 .0 1 8 -in c h -d iam e te r  
gu idew ire is advanced  th ro u g h  the  need le  in to  the  duct. 
The need le  is rep laced  w ith  a #3 F ren ch  ca th e te r w ith  
m u ltip le  side holes. The p o te n tia lly  in fec ted  b ile  is 
a sp ira ted  an d  sen t to ihe m icrob io logy  Iaborato ry  for

cu ltu re . C o n tra st is th e n  in jec ted  in to  the d u c ts  to o b ta in  
a d iag n o stic  cho lang iog ram . R ad iograph ic  im ages of 
the opacified  bile d u c ts  are exp o sed  from  a n te r io r— 
p o ste rio r, in the r ig h t-a n te r io r  ob lique an d  le ft-an te rio r 
ob lique d irec tio n s , in  o rd e r  th a t the to ta l ex ten t o f each 
d u c t can be eva lua ted .

F o r p e rc u tan e o u s  access to  the r ig h t h ep a tic  b iliary  
tree , the neecỉle is passed  ín to  the r ig h t hepa tic  lobe at 
the  ju n c tio n  of the low er an d  m idd le  th ird s  of the liver. 
T he need le  is d irec ted  tow ard  the lefl sh o u ld e r. F or 
p e rc u tan e o u s  access to the left h ep a tic  lobe, the need le  
is passed  in to  the v en tra l đ u c t o f the left b iliary  tree 
u n d e r so n o g rap h ic  g u id an ce . E n try  to the left b iliary  
tree is usua lly  m ade th ro u g h  a w in d o w  b etw een  the 
lefl costal m arg in  and  the x ip h o id  p rocess.

U n u su a l m eans o f accessing  the b ile d u c ts  som e- 
tim es becom e n ec essa ry . T he g a llb lad d er can  be in jec ted  
w ith  co n tra s t to fill th e  b iliary  tree in a re tro g rad e  fash- 
ion  vía the cystic duct. T his m e th o d  can  only  be used  if 
the  p a tien i has a g a llb lad d er and  a p a ten t cystic d u ct 
w ith  free c o m m u n ic a tio n  of the cystic d u c t w ith  the 
e x ira h ep a tic  and  in tra h e p a tic  ducts . In  p a tien ts  w ith  
m assive ascites and  d ila ted  bile ducts , thc d u c ta l system  
can  be accessed  by p assin g  a need le  system  th ro u g h  the 
righ l in te rn a l ịu g u la r vein , th ro u g h  the rig h t a trium , 
in to  in fe rio r  vena  cava, an d  in io  the m idd le  hepa tic  
vein. T he need le  is th e n  passed  th ro u g h  the w all of 
the  m idd le  h ep a tic  ve in , th ro u g h  liver p a renchym a, 
an d  in to  the b iliary  tree . Io d in a ted  co n tra s t m ed iu m  
is then  in jec ted  th ro u g h  the need le system ,

Afler d iagnostic  ch o lan g io g rap h y  is perfo rtned , the 
dec ision  w h e th e r  to in te rv en e  p e rc u tan e o u s ly  is m ade. 
In te rv en tio n s  in c lu d e  b ile  d u c t b iopsy , b ilia ry  d rainage, 
ballo o n  d ila tion  o f a b e n ig n  s tr ic tu re  (Fig. 1), and  plac- 
íng  an  en d o b ilia ry  s te m  (Fig. 2). T his clecision is 
o ften  m ade in  c o n ju n c tio n  w ith  the su rg ica l an d  m edical 
services.

C O M P L IC A T IO N S

C o m p lica tio n s o c c u rrin g  d u rin g  PTC vary  w ith  the 
degree of techn ical d ifficu lty  ex p e rien c ed  d u rìn g  the 
p ro ce d u re . P atien ts w ith  obesity , co agu lopa thy , com or- 
b id ities , scpsis, p resen ce  of ascites, an d  n o u d ila te d  bile 
d u c ts  are at in c reased  risk. C o m p lica tio n s in c lu d e  bil- 
iary  sepsis, b ile ascites, hem ob ilia , h em o rrh ag e , an d  
p n eu m o th o rax .

IN T E R P R E T A T IO N  

Biliary O bstruction

M ost cases o f b iliary  o b stru c tio n  are re la ted  to 
calcu li o r neop lasm . T he m o st co m m o n  tu m o rs  are
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F IG U R E  1 (a) Benign anastom otic striclure (arrow head)
develop ed  13 nionthã fo llow in g  creation o f  an anaslom osis  
betw een  the coram on hepatic tluct and ihe jejunum . (b) A
vvaist can be seen while dilating  the Slriciure pereutaneously  
vvith a 10-m m -diam eter balloon. (c) A blliary draỉnage catheter 
(#8 PrỂtìck: a rro u h cađ s) vvith m ultiple side holes is kept in place 
for 6 weeks poslprocedure, alloxving drainage of bi le across llic 
anastom osis.

p an c reaú c  cancer (Fig. 3) and  m etastatic  d isease 
(Fig. 4 ), follow ed by cancer of the bile ducts (Fig. 5 ), 
am pu lla , and  gall b ladder. Less cornm on causes of bil- 
iary o b stru c tio n  inc lude congeniia l biliary  obstru c tio n , 
bi le d u c t in ju ry , p ancreatitìs , sc lerosing  cholangitis, 
b ilia ry  atresía , cho ledochal cyst, duodenal d iverticu - 
lum , in fec tion , an d  parasitic  in íesta tion .

B iliary a tresia  is the  m ost com m on cause of obsiruc- 
live ja u n d ic e  in in íancy . It can involve the in tra - 
h ep a tic  o r ex trah ep a tic  b i l e  ducts, the Iatter being  
m o r e  coram only  involved an d  found in 1 / 1 0 , 0 0 0  — 
1/15,000 b irth s. H epatic  b iliary  sc in tig raphy  suggests 
the  d iagnosis if there  is a delay  of rad io trace r excretion  
in io  the g as tro in tes tin a l tract. T reatm en t for ex trahe- 
pa tic  b iliary  a tresia  is surgical. A p o rtoen tero stom y  
(K asai p ro ce d u re ) is perfo rm ed . Liver tran sp lan ta tio n  
is  co n s iđ e red  for ihc p a tien t w ho has a failed Kasai 
p ro ce d u re  or for w hom  the d iagnosis of biliary atresia 
was m ade late.

C ho ledochal cysts are seen in 1/13,000 hospital ad- 
m issions in the U n ited  States. T h ree-q u arte rs  o f aíĩected 
p a tien is  are female. T heories for the pathogenesis of 
ch o led o ch al cysts in c lu d e  (a) anom alous pancre- 
a tob ilia ry  duct ju n c tio n , (b) abnorm al canalization  of 
the  bile ducts, and  (c) abno rm al au tonom ic  in n erv aú o n  
of th e  ex tra h ep a tic  b ile duct. T odan i’s classiíìcation of 
ch o led o ch a l cyst d isease is m ost w idely used. Type 1 
cysts are ex tra h ep a ú c  and  are seen in 8 0 —90% of all 
cases. T hese can be local o r fusiform . A lype II cyst is 
a d iv e rticu lu m  of the ex trahepa tic  duct and isseen  in 3% 
of cases. Type 111 is a cho íedochocele , seen in 5% of 
cases. Type IV cysts acco u n t for 10% of cases and are 
su b d iv id ed  in to  lw o g roups; type 1VA is characterized  
by d ila ta tio n  of the in trah ep a tic  and  ex trahepa tic  biliary 
iree , and  type 1VB cysts are m u ltip le  ex lrahepatic  cysts. 
T ype V cysts, k n o w n  as C a ro lĩs  disease, are in trahepatic  
and  rare. C om plica lions of cho ledochal cysts include 
b iliary  o b sư ự c tio n , cho lang itis, ru p tu re , hepatic  ab- 
scess, a n d  cancer o f the  bile ducts  o r gallbladder. Com - 
p le te  excision  of the cyst is reco in m en d ed  because of the 
associa ted  risk  of cancer. In pa tien ts  w ith  pancreatitis , 
long  segm ent narrovving of the com m on bile cluct (CBD) 
can be seen, w ith  gen tle  tapering  distally. The entire 
CBD m ay be involved and  the am pullary  segm ent 
m ay be norm al.

P rim ary  sc le ro s in g ch o lan g itis  (PSC) is a Progressive 
d isease of the b iliary  tree characterized  by in ílam m atory  
and  [ìbrotic bile d u ct lesions. The etiology of the disease 
is unclear. P atien ts o ften  p resen t w ith  recurren ! epi- 
sodes of fever, chills, w eigh t loss, p ru ritu s , ịaundice, 
an d  m ild  righ t u p p er q u ad ran t d iscom fort. Laboratory 
lests  u sua lly  reveal an elevated  vvhite blood cell count 
and  a ch o les taú c  b iochem ical proíìle. H istologic



FĩGƯRE 2  (a) A biliary cirainage catheter (#8 P rench) w íih  m ultip le siđ e  h o le s  (arrow heads) traverses a lon g-segm en t m alignant biliarv
o eđ u sio n . (b) A 10-m m -diam eter sten t (arrow s) w as p o sitio n ed  across the m alignant o cc lu s io n  10 a llow  internal drainage o f  bile across the 
lesion . The p ercu tan eou s access w as rem oved .

íindings on  liver b iopsy  are  o íte n  nonspecific . T he d is- 
ease cou rse  is u su a lly  P rogressive , re su ỉtin g  in cho le- 
sia tic  livcr d isease. C h o lan g io g rap h y  is a key  
co m p o n en t in m a k in g  th e  d iag n o sis  o f PSC. A bnorm al- 
ities of in tra h ep a tic  an d  e x tra h ep a tic  b ile  d u c ts  a re  seen  
in  7 5 —80%  of th e  p a tlen ts . Iso lated  in v o lv em en t oí ei- 
th e r the in tra h ep a tic  o r  e x tra h ep a tic  d u c ts  o cc u rs  in 
10—20% of cases. C h o lan g io g rap h ic  íìn d in g s tn c lu d e  
focal n arro w in g s, b ead ing , p se u d o d iv e rtic u la , and  
p ru n in g  o f in tra h e p a tic  d u c t b ran ch es . L ong segm en t 
bile d u c t n a rro w in g  is n o t u n co m ra o n . H ow ever, b ru sh

F1GƯRE 3  A brupt term ination  (ạrrovvhcads) o f  the com  m on  
bi le duct is seen  in a patient vvith p an creatic carcinom a.

cyto logy  o f d o m in a n t b ile  d u c t s tr ic tu re s  shoulcỉ be 
p e r lo rm e d  becausc o f the  d ev e lo p m e n t of 
ch o lan g io c a rc in o m a  in  40%  of th e  pa tien ts .

Several d isease p ro cesses  ca n  m im ic PSC o n  cho l- 
ang iog raphy . T hese  in c lu d e  m e ta s ta tic  d iscase to the  
liver, ly m p h o m a, ch o lan g io carc in o m a, c irrh o sis , he- 
pa tic  a rte ria l ch e m o th e ra p y , g ra ft-v e rsu s-h o st d isease, 
c h ro n ic  a lìo g ra ít re jec tio n , o p p o rtu n is tic  in íe c tio n  o f 
the  b ile  d u c ts , m u llip le  liver abscesses, system íc ĩungal 
d ỉsease , an d  isch em ic  b ile  d u c t s tr ic tu re s  re la ted  
to h e p a lic  a r te ria l co in p ro m ise  fo llow ing  h ep a to - 
b iliary  su rg ery  o r  tran sp la n ta tio n , C h ro n ic  b iliary  
o b s tru c tio n  from  g a lls to n es o r  b ilia ry  s tr ic tu re s  o r  ch ro - 
n ic  re ílu x  oí in te s tin a l c o n te n ts  ac ro ss b ilia ry —en te ric  
an a s to m o ses  can  cause  b ac te ria l in íe c tio n  o f the b iliary  
tree , re su ltin g  in  seco n d a ry  cho lang itis . T hese  en titie s  
can  be d iffe ren  tia te d  from  PSC a íte r  ca re íu l h is to ry  tak in g  
an d  rev iew  o f h ep a to b ilia ry  iraag in g  an d  lab o ra to ry  
b lo o d  tests.

C o m m o n  d u c t stones. (Fig. 6 ) are  se en  in  ap p ro x i- 
m a te ly  15% o f p a tie n ts  w ith  cỵstic c lu c ts to n es , R eta ined  
s to n e s  in  th e  b ilia rv  tree  are  p re se n t in  4% o f p a tien ts  
w ho  u n d e rg o  ch o lecy stec to m y  for g a llb lad d er calculi. 
Bile d u c t ca lcu li can  also  be seen  in th e  se tù n g  o f cho- 
le stasis  re la ted  to  in tra h e p a tic  o r  e x tra h ep a tic  b ile  d u c t 
s tr ic tu re s  (Fig. 7). S tones in the b ilia ry  tree  are u sua lly  
rem o v e d  th ro u g h  an  en d o sco p ic  a p p ro a ch . T hey  are 
rem o v e d  by a p e rc u ta n e o u s  tran sh e p a tic  ap p ro a ch



F IG U R E  4  C olon  carcinom a in vo lv ing  the portal lym ph nodcs  
creates a m ass d elect (arrow heads) on the com m on  hepalic  
du ct and the an aslom osis o l the com m on  hcpatic duct wiLh the 
jejunum .

w h en  the en d o sco p is t is un ab le  to access the b iliary  tree, 
usua lly  in  the se ttin g  o f  p o sto p e ra tiv e  b iliary  ana tom y. 
T he d iagnosis  o f b iliary  calcu li is usua lly  m ade by a 
non invasive  im aging  m e th o d  su ch  as u ltra so u n d  o r 
M RCP. F ifteen p e rc e n t o f gallstones are rad io -opaque . 
O n ch o lang iog raphy , rad io -o p aq u e  ga llstones ap p e ar as 
w ell-defined  filling d eíec ts. T hey  are d iffe ren tia ted  from  
tu m o rs  by th e ir  m o b ility  w ith in  the ducts. O ccasionally , 
an  in flam m ato ry  reac tio n  in  the a d ja c e n tb ile  d u c t wall 
m ay  cause th em  to be fixed, s im u la tin g  a lum or. C on- 
trac tio n  o f the s p h in c te r  of O ddi can  m im ic the presence 
of a gallstone in the  d istal CBD. Ít can  be d iffìcu lt to 
d iffe ren tia te  gallstones from  air bu b b les  a n d  b lo o d  clots.

F IG U R E  5 C -holangiocarcinom a (K latskin tum or) in volves thc 
convergcnce o f the right anterior sectoral duct (curved  arrovv), the 
left m ain hepatic duct (arrow head), and the com m on  hepatic duct 
(opcn  arrow s). The right posterior sectoral duct is c.om plctely  
occlu d cd  and d oes not nu w ith  com rast.

A ir b u b b le s  coalesce, can  be asp ira ted , and co llect in 
an te r io r  b ile  ducts. B lood clo ts u sua lly  clear afte r several 
days o f b ilia ry  d rainage.

B enign b ile  d u c t s tr ic tu re s  are  usually  sh o rt. T hey 
m ay deve lop  fo llow ing  h ep a to b ilia ry  su rgerv , e ither 
as an  ia tro g en ic  irýu ry  to the  d u c t or as an asto m o tic  
s tr ic tu re  fo llow ing  su rg ica l crea tion  of a cho led o ch o - 
en teric  co m m u n ica tio n . W h e n  increased  in le n g th , be- 
n ign  b ilia ry  s tr ic tu re s  are u sua lly  sm oo th  an d  taper 
g radually . C h o lan g io g rap h ic  íea tu res  suggestive of can- 
cer o f the bile d u c ts , p an creas , o r am pulla  inc lude  
a b ru p t te rm in a tio n  of the b ile  d u c t, “apple c o re ” con- 
cen tric  n a rro w in g  o f the  b ile  d u c t, and  changes in cal- 
iber a lo n g  the leng th  of th e s tr ic tu re . T um ors can  ex tend  
from  the wall in to  the lu m en  o f the bile d u c t in an 
ex o p h y tic  ĩash ion . C ross-sectional im aging  oflen 
helps in  m ak in g  the d iagnosis o f m alignancy. Brush 
b iopsy  of the b iliary  s tr ic tu re  o r  surgical exp lo ra tion  
m ay be necessary  to d iffe ren tia te  betvveen ben ig n  and 
m alignan t lesions.

Bile D uct Leak

Bile d u c t in ju ry  can deve lop  d u rin g  cholecystec- 
tom y, p arlia l liver resec tion , slippage of clip o r  ligature 
from  the cystic d u c i fo llow ing  cholecystectom y, 
PTC , liver b iopsy , and  b lu n t o r sharp  abdom inal 
traum a. D rainage ca th e ters  are usua lly  p laced  into

F IG U R E  6  Ovál R lling dcíect (arrovvhead) in the distal ctra- 
m on hi le duct represcm s a gallstone.



F IG U R E  7 M ultip le  Hlling d eĩec ts  represent ga llsto n cs in the 
com m on  hepatic d uct (arrow heads) and gallb ladder (arrow s).

bile co llec tions u n d e r  CT or ưs. ERCP is usua lly  suc- 
cessíu l at dem ons.tra ting  a cystic d u c t leak  o r  leakage 
from  a p artia lly  o r  co m p le ie ly  lace ra ted  b ile  d u c t. PTC 
becom es necessary  w h en  ERCP is u n rev e a lin g  o r  tech- 
nically  unsu ccessỉu l. PTC is d iííìcu lt in  th is  p a tien t 
g ro u p  because th e  d ec o m p ressed  b ile d u c ts  a re  đ iííìcu lt 
to access w ith  a need le  an d  su b se q u en tly  to  ca n n u la te .

A b erran t e x tra h ep a tic  bile d u c ts  a re a t r isk  for in ju ry  
d u r in g  o p e ra tio n  because th e  su rg eo n  m ay n o t an tic í- 
pa te  th e ir  p resen ce . PTC  m ay d em o n s tra te  an  ab e rra n t

r ig h t h ep a tic  đ u c t th a t w as to rn  in trao p era tiv e ly  an d  no 
lo n g e r co m m u n ic a te s  w ith  th e  b iliary  tree. T his to m  
ab e rra n t b ile  cluct m ay  go u n ap p re c ia le d  on ERCP if 
a v ascu la r clip  is plac.ed o n  th e  s tu m p  of the tran sec ted  
b ile d u c t th a t arises from  the m a in  b ilia ry  tree . In th is  
case, ih t' rad io lo g is t passes a c a th e te r  p e rc u tan e o u sly  
in to th e  ab e rra n t b ile d u c t, a llow ing  the su rg eo n  
to  id e n tiíy  th is  tran se c ted  d u c t in tra o p e ra tiv e ly  for 
an a s to m o sis  o f  th e  d u c t to je ju n u m .

See A lso the F ollow ing Articles
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angularis A ngu lar “n o tc b ” in  the s to m a c h  that d em a rca tes  
the d iv is io n  b e tw e e n  the b o d y  an d  an tru m  o f  the  
sto m a ch .

d ia th er m y  L ocal e le v a t io n  o f  tem p eratư re w ith in  the  t is su e s ,  
p ro d u ced  by h ig h -fr e q u e n c y  cu rren l, u ltr a so n ic  w a v es ,  
or m icro w a v e  rad iation . 

diverticulum P o u c h  o r  sac o p e n in g  from  a tu b u la r  strucLure 
or saccu tar  organ  su c h  a s the  gu t or bladcler. 

perloration Abnormal opening in a hollovv organ or viscus.

P er ío ra lio n  is  d e fin ed  a s  an a b n orm al o p e n in g  in  a h o llo w  
organ or v is c u s . It is  d e r iv e d  from  th e  L atin p er/o ra tu 5, 
m e a n in g  “to  b o re  th r o u g h .” P eríb ration  is  o n e  o f  th e  m o st  
c o m m o n  eúologies o f  su rg ic a lly  trea ta b le  a b d o m in a l p a in .

INTRODUCTION

A bdom inal p a in  is a lead ing  cause of hosp ita l adm issio n  
an d  physic ian  visits. T he severity  ranges from  ben ign  
se lí-lim iting  etio log ies to  life -th rea ten ingsu rg ic .a l em er- 
gencies. Subtle d ilĩe ren ces in  the p re se n ta iio n  cause th is 
to be a very com p lex  d iagnoslìc  d ilem m a. A th o ro u g h  
system alic  eva lua tion  is req u ired  for signiR cani abdom - 
ina l pain . C onsequen lly , ab d o m in al p a in  p re se n ts  a 
un iversa l cha llenge tha t tran scen d s  a w ide sp ec tru m  
of m edical and  su rg ica l specia lties.

M ost ab d o m in al p a tho logy  p resen ts  w ith  associa ted  
ab d o m in al pain . A co m p le te  u n d e rs ta n d in g  o f the p a th - 
ophvsio logy  co u p led  w ith  ih is abdom inal p a in  is essen- 
tial in  the reco g n itio n  o f  d isease. V isceral, p a rie ta l, and  
re íe rred  pain  are the  co m m o n ly  ack now ledged  divi- 
sions. The onset, quality , d u ra tio n , lo ca tio n , an d  asso- 
ciated  sym ptom s classiíy  the pain. V isceral p a in  is 
perce ived  Via au to n o m ic  nerve [ìbers ( sy m p a th e tic /  
para sy m p ath e tic ), w h ich  sym m etrica lly  in n e rv a te  ab- 
do m in a l organs. As a co n seq u en ce  o f th is  sym m etry , 
the sensorv  p e rc e p tio n  is a long  the m id line . V isceral 
pa in  is ch arac terized  as in te rm ittc n t, deep , du ll, ach ing , 
c ram p y  pa in  associa ted  w ith  n au sea  an d  d iapho resis . 
S tim uli on  the visceral o rgans in c lu d e  s tre tc h in g / 
trac tio n , com pression , to rs ion , an d  chem icals. Som alic 
(p arie la l) pain  is perceived  vía sp ina l nerves ipsi- 
la tera lly  in n e rv a tin g  the  body  wall. G rea ter lo caliza tion  
is ach ieved  for th is  severe, p e rs is ten t, sh a rp , s ta b b in g

pain  th a t resu lts  from  local in ílam m ation  and  ir rú a tio n . 
R eferred  pa in  typ ically  arises from  visceral o rgans, 
travels via sy m p ath e tic  v isceral nerve íìbers, and  is p e r -  
ceived in a location  rem o te  ỉrom  the sú e  o f pa tho logy . 
T his d o u b le  in n erv a tio n  is a con seq u en ce  of co m ra o n  
em b ry o n ic  o rig in . C om m on  exam ples in c lu d eb a ck  padn 
resu ltin g  from  p an c rea titis , righ t sh o u ld e r  pain  frc>m 
h ep a to b ilia ry  d isease, and  left sh o u ld e r  pain  seconda.ry 
to sp len ic  patho logy .

T he in itial ev a lu a tio n  o f the acu te abd o m en  b eg ins  
w ith  a co m p le te  h isto ry  and  physical, and  conlinuics 
w ith  in sp ec tio n , au scu lta tio n , and pa lpation . N ausea, 
vom iting , fever, chills, co n s tip a tio n , d ia rrhea , aaid 
na tu ra l h is to ry /q u a lity /d is ir ìb u tio n  o fsy m p to m s a re im -  
p o r ta n t h is to rica l facts. D istension  on in spection  a n d  
d ecreased  bow el so u n d s  on au scu lta tio n  are co n sis ten t 
w ith  acu te  abd o m in al patho logy . O n p a lp a tio n , g u ard - 
ing /rig id ity , d iffuse o r  p o in t ten d ern ess , and  reb o u n d  
te n d e rn ess  can  be observed .

A bdom inal pain  can  arise  from  an array  o f varied  
etio log ies p re se n tin g  in  a sim ilar íashion. S ubtle  
d iffe rences in  the h isto ry , p re se n taú o n , eva lua iion , 
and  d iagnostic  w o rk u p  gu ide the  clin ic ian , N onsu rg ica l 
pa th o lo g y  can  m im ic su rg ica l disease. T he e lin ic ìan  
m u s t co n s id er nonsu rg ica l pa tho logy  (gastroen teritis , 
acu te  h ep a titis /p an crea titis , sick le cell crisis, lead tox- 
icity , acu te  p o rp h y ria , o r p n eu m o n ia )  w hen  co n sid erin g  
p o ten tia l su rg ica l em ergencies. Surgical disease can be 
íu r th e r  su b d iv id ed  in to  n o n p e rĩo ra ted  (acu te cholecys- 
titis) an d  p e río ra ted  (d u o d en a l u lcer)  pathology. T he 
co m m o n ly  e n c o u n te re d  g as tro en te ra l perĩo ra tions are 
p re se n te d  here.

PERFORATED ESOPHAGUS
E sophageal p e rfo ra tio n  is not typically  considered  a 
cause o f abdom inal pain . H ow ever, in o rder to com plete 
the  d iscu ss io n  of g as tro en te ra l p e rfo raú o n , esophageal 
p e río ra tio n  is brìeíly  co nsidered . Esophageal períora- 
tion  is a surg icaì em ergency  req u ir in g  rapid  d iagnosis. 
It m ost co m m o n lỵ  occu rs  as a resu lt of ìn stru m en ta tio n , 
trau m a, sp o n ta n eo u s  p e río ra tio n , an d  sw allow ing o f a 
ỉo re ign  bodv . It p resen ts w ith  pain  in the cervical area,



dysphagia, and  ody n o p h ag ia . S y m p to m s a re no tab ly  ex- 
accrba ted  w ith  sw allow ing  o r m o v em en t. A recen t his- 
to ry  o f instrurnentaL ion  o r  v o m itin g  is u su a lly  no ted . 
D iạgnostic w o rk u p  in d u d e s  p o s te ro a n te rio r  an d  lateral 
chest films w ith  find ings o f m ed ias tin a l e m p h y se m a / 
w iden ing , cervical em p h y sem a, o r p n eu m o th o ra x . Bar- 
ium  esophagram  in  the righ t la te ra l d ec u b itis  p o s itio n  is 
the go ld  Standard for eva lua tion . C o m p u te d  tom ogra- 
phy a n d  endoscơpy  have a lim ited  ro le  in  th e  p resen ce  of 
an esophagram , b u t  m ay be u se íu l in  co m p lica ted  cases 
w ith  equivocal stu d ies . T re a tm en t ob jectives inc lude 
lim ita tio n  o f ex trav asa tio n , p rev e n tio n  o f in fec tio n , 
n u tr itio n a i m a in ten an ce , an d  re s to ra tio n  o f  s tru c tu ra l 
in teg rity . N o n o p era tiv e  trea tm e n ts  offer a lim ited  role 
in  iso la ted  cases. O perative  ex p lo ra tio n , w ide d rainage, 
and  p rim ary  c lo su re  vvithin 24 h o u rs  (if possib le) re- 
m ain  the trea tm e n ts  o f  choice . O u tco m es are variab le 
an d  are co n tin g en t o n  d u ra tio n  to d iagnosis  an d  treat- 
m en t, cause and  loca tion  o f  in ju ry , co m o rb id itie s , an d  
ex isting  esophageal d isease.

PERFO RA TED G A ST R IC  U LC E R

G astric  u lce ra tio n  o flen  p rese n ts  w ith  ac u te -o n se t epi- 
gastric  pain  tha t rad ia tes  to the back  an d  is exacerba ted  
by the ingestion  o f food. C om m o n  risk  íac to rs  in c lu d e  
use  o f  n o n ste ro id a l a n tiin ílam m ato ry  d ru g s  (N SA ID s), 
c igãre tte  sm ok ing , an d  ch e m o th e ra p e u tic  ag en ts  
(5-fluorouracil, cisplalin, doxorubicin , or m itom ycin  C). 
G astric  u lcer d isease p resen ts  in  ap p ro x im ate ly  100 ,000  
new  cases an n u a lly  an d  is m o s t co m m o n ly  seen  in  m en  
an d  th e  elderly . C o m p lica tio n s  o f  gastric  u lc e ra tio n  re- 
su lt in  several th o u sa n d  d ea th s  an d  a 1 0 % ra te o f  gastric  
m alignancy  annua lly . N o rm al o r  d ec reased  levels o f acid  
sec re tio n  are obse rved  w ith  a b rea k d o w n  in  the gastric  
m u co sa l barrier. ư lc e ra t io n  is m ost c o m m o n  a lo n g  the 
lesser cu rv a tu re  o f  th e  s to m ac h  a t the ju n c t'io n  betw een  
the an tra l an d  íu n d ic  m ucosa. O f u lcers, 70% o cc u r 
su p e rio r  to the in c isu ra  an g u la ris  an d  2 0 % are d istal. 
G astric  u lce rs  are classiíìed  in to  íìve ca tego ries defined  
by location  an d  se c re to ry  sta tu s .

T he golcl S ta n d a rd  for the ev a lu a tio n  o f gastric  ul- 
ce ra tio n  is en doscopv . T re a tm en t o p tio n s  in c lu d c  m ed- 
ical, en d o sco p ic , an d  su rg ica l m anagem en t. In itia l 
m ed ica l m a n ag e m en t in c lu d es  a n tim ic ro b ia ls  d irec ted  
at H elỉcobacter pyĩori ( iso la teđ  in  8 5 —90%  of gastric  
u lcers) an d  an tise c re to ry  m ed ica tio n s. T ypicallv , a 
12- to 24-w eek  tria l is u n d e r ta k e n . E nd o sco p ic  d ia- 
th e rm y  o r v asoconstric tive  in je c tio n  can  trea t o r tem - 
p o rize  active b leed ing . H ow ever, su rg ica l m anagem en t 
is ind ica teđ  in cases co m p lica ted  by n o n h e a lin g / 
re c u rre n t u lcers, su sp e c te d  m alignancy , ơ b s tru c tio n , 
h em o rrh ag e  (in o st c o m m o n ), an d  p erío ra tio n .

Several surg ical tre a tm e n t o p tio n s  ex ist. T ypical 
trea tm e n t in c lu d es exc ision  of th e  lesion , a vagotom y, 
an d  a d ra in ag e  p ro ce d u re . T he lesion  sh o u ld  be exc ised  
if possib le . T ru n c a l o r  p rox im al g as tric  (h ig h ly  selec- 
tive) vago tom y  is p c r ío rm e d  to lim it ac id  secretion . 
T ru n ca l vago tom y  is u n d e r la k e n  a t the level o f the di- 
ap h rag m  as the  vagal nerve íibers en te r  the ab d o m en . It 
is  assoc ia ted  w ith  a g rca te r red u c tio n  in  acid  sec re tio n  
a n d  a lo w er rec u rren c e  ra te  co m p ared  to p ro x im a l gas- 
tric  vagotom y. H ow ever, the  gastric  d ra in ag e  m echa- 
n ism  an d  vagally  su p p lied  v iscera are  d en e rv a ted  an d  
im p a ired . T h u s , a gastric  d ra in ag e  p ro c e d u re  is m anda- 
to ry  w ith  tru n ca l vago tom y. H ow ever, an tra l n e rv e  fi- 
b ers (an d  gastric  d ra in ag e) a re  p rese rved  in  cases of 
p ro x im a l gastric  vago tom y. U n ío rtu n a te ly , th is  com es 
at the expense oỉ a h ig h e r rec u rren c e  ra te  an d  g rea ter 
ac id  secre tion .

D ra inage p ro c e d u re s  in c lu d e  p y lo ro p la s ty  an d  
an trec to m y . Several d iffe ren t types o f  p y lo ro p la s ty  p ro - 
ced u res  are p e r ío rm e d  to im p ro v e  d ra inage . H ow ever, 
each u tilize s  a longituclinal in c is io n  a t the p y lo ru s  tha t is 
h o rizo n ta lly  closed . A n trec to m y  is th e  resec tio n  o f the 
d is ta l s to m ac h  an d  rem ova l o f the p y lo ru s . T he d e íec t 
can  be rep a ired  w ith  a g as tro d u o d e n o sto m y  (B illro th  I) 
o r g a s tro je ju n o s to m y  (B illro th  II). C o m p lica ted  p rox i- 
m al g as tric  u lc e ra tio n  m ay req u ire  a su b to ta l gastrec- 
tom y, vvhereas w id esp re ad  gastric  d isease  m ay req u ire  a 
n ea r-to ta l g as trec to m y  o r  gastric  d evascu lariza tion . 
T hese  la tte r  p ro c e d u re s  are o ften  assoc ia ted  w ith  a 
very h ig h  m o rb id ity  an d  m o rta lity  and  re p re se n t less 
co m m o n ly  em p loyed  tech n iq u es. F o llo w in g  gastric  
d ra in ag e  p ro c e d u re s  o r  gastric  resec tio n , postg astrec - 
tom y sy n d ro m es can  em erge. E arly  an d  la te  d u m p in g , 
a ĩíe ren t an d  b lin d  lo o p  o b s tru c tio n , a lk a lin e  reflux , gas- 
tric atony , an d  n u tr itio n a l d is tu rb a n c e s  are all 
A vell-described  c o m p lic a t io n s  o f g a s tr ic  su rg e ry .

P E R FO R A T E D  D U O D E N A L  U L C E R

D u odena l an d  g as tric  u lce r d iseases a re  jo in tly  re íe rred  
to as p ep tic  u lc e r  d isease . A lthough  th e  p a th o p h y sio lo g y  
an d  tre a tm e n ts  are  sim ila r, d u o d en a l u lc e r  d isease w ar- 
ran ts  a b rie f in d e p e n d e n t d iscu ssio n . D u o d en a l u lcer 
d isease is th ree  tim es as c o m m o n  as gastric  u lc e r  disease 
(3 0 0 ,0 0 0  p a tie n ts  yearly). M alignancy  is far less com - 
m o n ly  asso c ia ted  w ith  d u o d e n a l u lc e ra tio n . T ypically , 
the p re se n ta tio n  is s im ila r to th a t o f gastric  u lce ra tio n . 
H ow ever, the sy m p to m s o f d u o d en a l u lc e ra tio n  are 
o ften  a llev ia ted  w ith  co n su m p tio n  o f food. As in  gastric  
u lc e ra tio n , a b e tte r  u n d e rs ta n d in g  o f  the  p a th o p h y sio l-  
ogy h as  led to  a decrease  in  o p era tiv e  in d ica tio n s. 
H ow ever, the op era tiv c  in d ic a tio n s /in te rv en tio n s  are



sim ilar. E valua tion  u tilizes  endoscopy  as the d iagnostic  
S ta n d a rd .

As w ith  gastric  u lce ra tio n , trea tm e n t o p tio n s  m ay 
in c lu d e  m edical, en d o sco p ic , an d  su rg ica l app roaches . 
Surgical o p tio n s  are based  on the sam e opera tive  ind i- 
ca tio n s (b leed ing , p e rfo ra tio n , o b s tru c tio n , an d  in trac- 
tab ility ). In  the case o f p e río ra tio n , a d u o d e n a l u lce r is 
oversew n  an d  a w ell-vascu larized  G rah am  p a tch  is used  
to cover the deíect. H ighly  se lective vago tom y  is p re- 
íe rred , b u t tru n ca l vago tom v  an d  d ra in ag e  p ro ce d u re s  
are w ith in  the S tandard  o f  care. D u ra ú o n  o f sym ptom s, 
p rev io u s  trea tm en ts , m ed ica tio n  usage (NSA ID s), 
an d  co m o rb id ity  assist in  opera tive  p lan n in g . Postgas- 
trec to m y  sy n d ro m es are, again , a w e ll-d o c u m en ted  
com plica tion .

PE R FO R A T E D  A P P E N D IC IT IS

A p p en d ic itis  is the m ost co m m o n  em erg en t surgical 
p ro c e d u re  p e r ío rn ie d  in  W este rn  co u n tries . R eginald 
H erber F itz , a H arvard  M edical School p a tho log is l, 
íìrst d escrib ed  the  p a th o lo g ic  p rocess in  1889. He illus- 
tra ted  an  event seq u en ce  of lum inal o b s tru c tio n , in ílam - 
m a tio n , p e río ra tio n , abscess íb rm a tio n , and  p erito n itis . 
P re sen ta tio n  involves acu te  o r g rad u a l o n se t o f m id line  
p a in  (usually  periu m b ilica l, b u t occas io n ally  ep igastric ) 
th a t beg ins as du ll c ram p in g  (v isceral pain ). As the in- 
ílam m ato ry  p rocess p rog resses , sh a rp  s tab b in g  pa in  is 
localized  in  the  rig h t low er q u a d ra n t (som atic  pain ). 
T h is  is o íien  associa ted  w ith  nausea , an o rex ia , and  vom - 
iting . In the p red o m in an t n u m b e r of cases, íever w ill be 
absen t.

E v alu a tio n  beg ins w ith  a physical ex a m in a tio n , lab- 
o ra to ry  stud ies , an d  p la in  film s o f th e  ch e s t and  abdo- 
m en. O n exam ination , peritoneal signs ( re b o u n d / 
guard ing) an d  p a in  w ith  any  m o v em en t (D u n p h y ’s 
s ig n ), w ith  in te rn a l ro ta tio n  o f the  h ip  (o b tu ra to r  
s ig n ), d u rin g  ex ten s io n  of the h ip  (ileopsoas sign ), 
a n d  in itia tin g  in  the righ i lovver q u a d ra n t d u r in g  palpa- 
tio n  o f the left low er q u a d ra n t (R osv ing’s sign) su p p o rt 
the d iagnosis w ith o u t con firm ation . L abo ra to ry  s tu d ies  
are o ften  u n rem ark ab le . L eukocy tosis  o f g rea te r than  
1 0 ,0 0 0 4 1! is seen  in  ap p ro x im ate ly  tw o -th írd s  o f pa- 
tien ts . In  cases in  w hich  the le u k o cy to s is  exceeds 
2 0 ,0 0 0 /ịil, su sp ic io n  for p e rfo ra tio n  grea tly  increases. 
H em atu ria , p ro te in u ria , an d  pyu ria  are  com m on ly  en- 
c o u n te re d  in  the absence o f u ro log ic  d isease. F eca liths 
an d  free in tra p e rito n e a l a ir are occasionally  seen  on  
p la ìn  íìlm s. U llra so u n d  A ndings of a ta rge t lesion  o r a 
th ic k en e d  in com pressib le  ap p en d icea l w all can  be 80% 
sensitive  an d  90% speciíic. C o ra p u te d  tom ography  
is inc reasing ly  used  in es tab lish in g  d iagnosis. W ith  
im p ro v e m en t in  techno logv , c o m p u ted  tom o g rap h y

is o íte n  m ore accu ra te  ih a n  u ltra so u n d . an d  m ore ca- 
pab le  o f id en ú íy in g  an  abn o rm ally  p o sitio n ed  app en d ix . 
A dd itiona lly , a negative study  ru les o u t a  varie ty  of ab- 
d o m in a l p a th o lo g ie s  an d  d im in ish e s  the n eed  fo r costly 
ho sp ita liza tio n /o b se rv a tio n . B arium  c o n tra s t s tu d ies  are 
safe an d  availab le , b u t are in freq u en tly  im p lem e n le d  in 
the p resen ce  o f u ltra so u n d  o r co m p u ted  tom ography .

In general, p a tien ts  w ho  p rese n t w ith  a clin ical 
p ic tu re  suggesting  ap p e n d ic itis  req u ire  exp lo ra tion . 
T h is can  be perfo rm ed  laparoscop ica lly  or via laparo t- 
om y. L aparoscop ic  ap p e n d ec to m y  is d iagnostic  and 
th e ra p e u ũ c , o íten  resu ltin g  in  a re d u c tio n  o f po sto p er- 
atìve pa in  an d  leng th  of h o sp ita liza tio n  w h en  com pared  
w ith  laparo tom y . U n ío rtu n a te ly , lap aro sco p y  is associ- 
ated  w ith  in c re ase d  o pera tive  tim e (expense) an d  post- 
op eraú v e  em esis. H ow ever, it is o ften  beneficial in  
fem ale p a tien ts  w h en  there  ex isis co m p lica ied  d iííeren - 
tia ú o n  from  gynecologic patho logy . A pp en d ecto m y  via 
lap aro to m y  u tiliz in g  a m u sc le -sp littin g  inc is ion  rem ains 
th e  S ta n d a rd  of ca re . In  ca se s  o t p e r fo ra tio n , th e  fascia is 
closed  w h ile  the sk in  an d  su b c u tan e o u s  tissues are left to 
close by seco n d ary  in ten tio n .

T he ía c to r  associa ted  w ith  the g rea test m orb íd ity  
an d  m o rta lity  in  cases o f ap p e n d ic itis  is delay  in diag- 
nosis an d  trea tm e n t. A pprox im ate ly  64%  of patien ts 
p rese n t w ith  a re tro ceca l ap p en d ix , w h ich  can  delay 
the d iagnosis . D iagnostic  delay resu lts  in  increased 
rates o! p e rfo ra tio n . P erío ra tion  is associa ied  w ith  less 
th an  5% m o rta lity , co m p ared  to 0.6%  in  n o n p erío ra ted  
ap p e n d ic itis . T he p e río ra tio n  rate  is ap p ro x im ate ly  4% 
in  y o u n g  p a tien ts  an d  is g reatly  inc reased  in  ihe elderly. 
A negative a p p e n d ec to m y  ra te  ol ap p ro x im aie ly  25% is 
co n s id ered  accep tab le  w h en  co m p ared  w ith  the  com - 
p lic a tio n s  associa ted  w ith  delay in  trea tm en t.

PE R FO R A T E D  D IV E R T IC U L IT IS

T he w ord  “d iv e rtic u lu m ” is derived  from  the Latin 
deverticulurn, a “b y -ro a d ” o r “d iv e rs io n ” (French , 
de-verto; “to  lu rn  as id e”). T he d iv e rticu la  arise  as the 
co lo n ic  m u co sa l tissue h e rn ia te s  th ro u g h  the 
m u scu la ris . G enera lly , tw o types o f d iv e rticu la  are 
seen. R ight co lo n  d iv e rticu la  a re  u sua lly  congem tal 
a n d  are m ore  co m m o n ly  seen in  A sian  co u n tries . Con- 
versely , s igm oid  d iv e rticu la  usua lly  o ccu r as a cor.se- 
q u en ce  of a  low -fiber d ie t (h igh  in tra lu m in a l p ressures) 
an d  are m o re  p rev a len t in  W este rn  societies. D iverti- 
cu litis  w as in itia lly  d escrib ed  in  the early  tw en tie th  cen- 
tu ry  an d  has sign iíìcan tly  inc reased  in  p revalence. k is 
in c id en ta lly  n o te d  in  o n e -th ird  o f the p o p u la tio n  over 
45  years o f age (tw o -th ird s  over 85 years).

D iv erticu litis  typically  p rese n ts  vvith acu te  o r sub- 
acu te  o n se t o f left low cr q u ad ra m  ab d o m in al psin,



constipa iion , d ia rrh ea , fever, an d , in íre q u en tlv , a pal- 
pable m ass. The ex p ressio n  ie í t - s id e d  a p p e n d ic itis” has 
describecỉ th is clin ical p re se n ta tio n . T he d iag n o sis  is 
largely based on c lin ical tìn d in g s an d  can be m ad e  in 
the absence of íu r ih e r  im aging . H ow ever, c o m p u ted  
tom ography  (C T) w ith  in tra v en o u s  c o n tra s t has b een  
uscd as the in itial d iag n o stic  exam  to p ro v id e  ob jective 
data, assist in  trea tm e n t p la n n in g , an d  e lu c id a te  d ifíicu lt 
c linical scenarÌGS. C h a ra c te ris tic  íinclings o n  CT in c lu d e  
th ick en in g  of the co lon ic  w all, p erico lo n ic  fat in filtra- 
tion , a n d  p e r ic o lo n ic /d is ta n t abscess fo rm ation . The 
role of en d o scọ p y  an d  b a r iu m  en e raa  is lim ited  d u rin g  
the acu te  episode d u e  to the  risk  o í  p e ríb ra tio n .

D iverticu la r d isease can be ca tego rized  in tw o 
g roups, a sy m p to m atic  d iv e rticu lo s is  an d  acu te  u n co m - 
plicated  o r  com plica ted  d iverticu litis . A sym ptom atic  
d iv e rticu la r d isease is ío u n d  in c id en ta lly  an d  can  benefìi 
from  a h igh-R ber d ie t. N o ad d itio n a l irca tm e n t m ay be 
requ ired . A cute u n c o m p lic a te d  d iv e rticu litis  p resen ts  
w ith leít low er q u a d ra n t p a in , íever, an d  ỉeukocy tos is  
(occasionally  co n s tip a tio n  /d ia rrh e a , n au sea  /v o m itin g , 
and  d y su ria ). It is defined  as local p e r ío ra tio n  w ith o u t 
abscess, b leed ing , o r free p e río ra tio n . T herapy  in c lu đ es 
a h igh-fiber cliet an d  b ro ad -sp ec tru m  an tib io tics . C over- 
age for g ram -negative  an d  an aero b ic  b ac te ria  is im ple- 
m en ted . Stable p a tien ts  w ith o u t diffuse ab d o m in a l 
íìnd ings on  ex a m in a tio n  can  be trea ted  as o u tp a tie n ts , 
vvith close fo llow up  as ju d g e d  by  an  ex p e rien c ed  
su rgeon . In the even t iha t ihese p a tie n ts  w o rsen  clin i- 
cally (p a in /ĩev e r), ad m iss io n  an d  íu r th e r  ev a lu a tio n /in - 
te rven tion  are  re q u ừ e d . ĩf  n o  íìn d in g s are  n o te d  on  CT, 
b u t clin ical im p ro v em en t does n o t o cc u r w ith in  7 2 —96 
h o u rs , su rg ica l in te rv e n tio n  can  be co n s id ered . F o r im - 
m u n o c o m p ro m ise d  p a tie n is  o r  th o se  un ab le  to  to ỉe ra te  
oral m ed ica tions, ad m iss io n  ío r a d m in is tra tio n  o f  in tra - 
venous an tib io tics  is p re íe rred .

T he p resen ce  o f  a n  abscess, Rstula, in te s tin a l ob- 
s tru c tio n , o r  free p e r ío ra tio n  classiíies d iv e rticu litis  as 
co m p lica ted  (co m p lica ted  d iv e rticu litis ) . T he in c id en ce  
ot free p e r lo ra tio n  is ra re , b u t the  m o rta lity  can  be as

h igh  as o n e -th ird . T ra d itio n a l p rac tice  h as  been  to resecl 
w ith  the in itia l ep isode. H ow ever, m o re  conservative  
m e th o d s  havc em erged  w ith  g rea t success. Sm all peri- 
colic abscesses can  bc m an ag ed  conservatively , vvhereas 
la rger an d  m o re d is tan t ílu id  co llec tio n s  can  be success- 
fuỉly  d ra in e d  u n d e r  CT gu idance . In  cases w hen  d ra in - 
age is in ad eq u a te , ư rg en t su rgery  is req u ired . Surgical 
trea tm e n t generally  in c lu d es  resec tio n  o f th e  d iseased  
s igm oid , p ro x im a l d iv e rsio n , an d  th e  c re a tio n  of a H art- 
m a n ’s p o u ch . P rim ary  bow el an asto m o sis  can  be con- 
s ide red  on ly  u n d e r  the  b es t possib le  conclitions and  in 
e x p e rien c ed  hands . R ecent ad v en t o f lap aro sco p ic  re- 
sec tio n  has offered a re d u c tio n  in p a in  an d  h osp ita liza- 
tion  w h en  p e r ío rm e d  u n d e r  elective c ircu m stan ces.

See A lso the Follow ing A rticles

Appendicitis •  Diverticulosis • Duodenal Ulcer •  Endoscopy,
C o m p lic a t io n s  o f  •  G a str ic  ư lc e r
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Peristalsis
J a ck ie  D . W o o d
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m o n o s y n a p tic  s p in a l reílex N eu ra l r e íle x  c ir e u it  in  the  sp in a l 
c o rd  c o n s ỉs t in g  o f  a se n so r y  n e u r o n  a n d  a m o to r  n e u r o n  
wi'th a s in g le  sy n a p tic  c o n n e c t io n  b e tw e e n  th e  tw o . 

r e í le x e s  M o to r  r e sp o n se s  to se n so r y  s t im u la tio n ; ea ch  t im e a 
“hardAvired” n eu ral c ir c u it  is  a c tiv a ted , th e  r e sp o n se s  are  
rep ea ted  in  the  sa m e w ay .

P erista lsis is a te rm  u sed  in reference to ihe organized 
p ropu lsion  o f  m ateria l over variable d istances w ith in  the 
lum en  o f the esophagus, the sm all and  large in te stin e , and 
som etim es the d ista l stom ach . The m uscle layers of the 
in testine  and esophagus behave in a s te reo typ ical p a tte m  
to achieve perista llic  p ropu lsion . In teg rated  neu ra l cir- 
cu its  of the en teric  nervous system  con tro l the behavior 
o f  the in testina l m uscu la tu re . P erista ltic  p ro p u ls io n  in the 
esophagus is con tro lled  by signals tran sm itted  from  the 
b ra in  stem  to the esophagus by the vagus nerves and  by 
the en teric  nervous system .

PE R ISTA LT IC  P R O P U L SIO N

D u rin g  peris ta ls is  (Fig. 1), the lo n g itu d in a lly  o rien ted  
m u sc le  in  the seg m en t ahead  of thc ad v an c in g  
in tra lu m in a l c o n te n ts  c o n tra c ts  w h ile  th e  c irc u m íe re n - 
tia lly  o rien ted  m uscle  layer relaxes in  th e  sam e segm ent. 
T he eso p h ag u s an d  in te s tin e  are tubes th a t b eh av e  phys- 
ically  lik e  a cy lin d e r w ith  c o n s ta n t su ríac e  area. S hort- 
en in g  o f  the lo n g itu d in a l ax is o f the cy lin d e r  is 
acco m p an ied  by w id en in g  o f th e  c ro ss-sec tio n a l d iam - 
e ter. S im u ltan eo u s sh o r te n in g  o f the  lo n g itu d in a l axis 
an d  re lax a tio n  o f th e  c ircư la r m u sc le  re su lt in  expansion  
of the lum en . T h is p rep a re s  a rece iv ing  se g ra en t ío r the 
fo rw ard -m ov ing  in tra lu m in a l c o n te n ts  d u r in g  peri- 
stalsis.

T he second  c o m p o n e n t of s te reo ty p ic  p eris ta ltic  be- 
hav io r is c o n tra c tio n  o f  the c irc u m feren tia lly  o rien ted  
m usc le  layer in the  seg m en t b e h in d  the ad v an c in g  
in tra lu m in a l co n ten ts . T he lo n g itu d in a lly  o r ien ted  m us- 
cle layer in  th is  seg m en t re lax es s im u lta n eo u sly  w ith  
co n tra c tio n  o f ihe e irc u la r  m uscle , re su ltin g  in  conver- 
s io n  o í th is  reg io n  to a p ro p u lsiv e  segm en t th a t p ro p e ls  
the lu m in a l c o n te n ts  ah ead , in to  the rece iv in g  segm ent. 
In tes tin a l segm en ts  aheacl o f the ad v an c in g  íro n t be- 
com e receiv ing  segm en ts an d  th e n  p ro p u ls iv e

segm en ts  in  succession  as the co m p iex  o f p ro p u ls ĩv e  
an d  receiv ing  segm ents travels along  the in testine .

PERISTA LTIC REFLEX

P eris ta ltic  reflex is a term  som etim es ap p lied  in a p p ro - 
p ria te ly ; it is n o t synonym ous w ith  the m u ltip le  p a tte rn s  
of c o o rd in a ted  p ropu lsive  m otility  th a t occu r in  th e

PHYSIOLOGIC
ỊLEUS

STEREOTYPỈC 
PERiSTALTIC BEHAVIOR

Long. M uscle —>  R elaxed Relaxed - - Contracted

D ire c tio n  o íP ro p u is io n  -

F IG U R E  1 The circum íerential and longitud inal m uscle layers 
o f  the in testines behave in a stereotypical pattern during peristaltic  
prop u lsion . A “hardwired” reQex circu it in  the en teric nervous  
system  determ ines the pattern o f behavior o f the two m uscle layers. 
D uring peristaltic propulsion , the lon gitu d in al m uscle la y er in  the 
seg m en t ahead o f the advancing intralum inal con ten ts contracts  
w h ile  the circum íerential m uscle layer relaxes sim ultaneously . 
Sim ultaneous shorten ing of the longitud inal in testinal axis and 
relaxation  o f  the circum ferential m uscle  in  the sam e segm ent result 
in  exp an sion  o f the lum en, w hich  b ecom es a rece iv in gsegm ent í'or 
the forw ard-m oving contenis. The secon d  com p on en t o f the rcílex  
is contraction  o f thc circular m uscle in  the segm ent behind  the 
ađ van cin g  intralum inal contents. T he lon gitu d in al m uscle layer in 
the sam e segm ent relaxes sim ultaneously  w ith contraction o f the 
circular m uscìe, w hich results in con version  o f this region to a 
p rop u lsive  segm ent that propels the lum inal con ten ts ahead into  
the rece iv in g  segm ent. The reQex circu its are cou p led  in series 
a lo iìg  the  in iesù n e, such  thai receiving segm en ts converi 10 pro- 
p u lsive  segm ents as the next segm ent in  line bẹcom es a receiving  
segm en t. Propuỉsivc segm ents then return to their previous State 

o f  p h ysio log ic  ileus. The d istance over w h ich  the perỉstaltic 
reílex  circu it for thc íorm atỉon of p rop u ỉsive and receiving seg- 
m ents is activated in scquence dow n the b ow el determ ines the 
length  ờ f b ow el over w h ich  p ropu lsion  occu rs in one or the other  
o í  the  in tes tin a l m o tilitv  patterns.



sm all an d  large in te s tin e  d u rin g  d iffe ren t d igestive 
statcs. T he p eris ta ltic  reílex  is, ra th e r, the  in te stin a l an- 
alogue o f sp ina l m o to r  rcílexes, such as the m o n o sy n - 
ap iic  p a ie lla r  an d  A chilles ten d o n  reílexes. 
M onosynap tic  sp in a l reílexes arc investiga to r-evoked  
arliíac ts  a ris in g  from  co n n ectio n s of s tre tch  rec e p to rs  
in  the m uscle  to  a lp h a  sp ina l m o to r n eu ro n s  th a t in n e r-  
vate th e  sam e rnuscle . They reílect the effects o f  su d d e n  
ac tiv a tio n  of s tre tch  recep to rs  (i.e., m uscle sp in d les) in  
the  m uscle a n d  have little relevance for u n d e rs ta n d in g  
the  com plex ity  o f n eu ra l con tro l o f m ovem en t. T he  
p eris ta ltic  re ílex  is m u c h  the  sam e in  tha t it is a fìxed 
response  evoked  by  investigationaỉ s tre tch in g  o f the  
in te stin a l w all o r  s tro k in g  of the m ucosa. It is like  a 
sp ina l re tlex  in  th a t ii is a m o to r response to se n so ry  
stim u la tio n , an d  is rep ea ted  the sam.e way each tim e the 
ah a rd w ire d ” re ilex  c irc u it is activatcd . The p e ris ta ltic  
re ílex  c irc u it is “w irecT such  tha t it evokes re la x a tio n  
of the  c irc u m íe re n tia lly  o rien ted  m uscle layer an d  con - 
trac tio n  o f the  lo n g itu d in a l m uscle below  the p o in t o f 
s tim u la tio n , and  co n tra c tio n  of the c ircu m íe ren tia llv  
o rien ted  m uscle  layer above the p o in t o f s tim u la tỉo n .

Like the  sp in a l reíiexes, th e  peris ta ltic  re ílex  is po - 
sitio n ed  a t the  low est level o f the h ie ra rch ica l o rgan i- 
za tion  o f neura l c o n tro l o f in testina l m otility , an d  
u n d o u b te d ly  u n đ e r lie s  each o f the various p a tte rn s  o f 
p ropư lsive  m o tility  th a t im part functionality  to  ihe  in- 
te s tin e  d u r in g  da ily  life. As w ìth  a sp inal m o to r  re ílex , 
the  seq u en c in g  o f  the  p a tte rn  of b ehav io r o f the  v a rio u s 
m uscle g ro u p s  is h a rd w ired  in to  the c ircu itry , w h ereas 
ihc rep e ũ tio n  ra te  of the p a tte rn  and  s tren g th  o f each  
m o to r  c o m p o n e n t of th e  p a tte rn  are ad ju sted  hy sen so ry  
íeed b ack  o r o th e r  co m m an d s to  co rapensa te  a u to m ati-  
ca lly  for local lo ad s a n d  h ig h e r functional d em a n d s  on  
the in te stin e  as a w hole. A dded  factors req u ir in g  a 
h ig h e r o rd e r  o f n e u ra l .control are the d is tan ce  and

d irec tio n  in w h ich  p ro p u ls io n  o cc u rs  fo r the  p a tte rn s  
o f m otility  th a t ch a rac te rize  the v ario u s  d igestive  sta tes. 
S h o rt-d is tan ce  p ro p u ls io n  in  th e  p o s tp ran d ia l d igestive 
State, p ro p u ls io n  ov er in te rm e d ia te  d is tan ces  d u r ín g  
in te rd ig estiv e  m o tility  (i.e ., m ig ra tin g  m o to r  co m p lex ), 
lo n g -d is tan ce  p o w er p ro p u ls io n  all in  thc  o rth o g ra d e  
d ire c tio n , an d  re tro p u ls io n  d u r in g  em esis are n eu ra l 
c o n tro l re q u ire m e n ts  u n iq u e  to the  en te ric  n e rv o u s  
system . B ctter u n d e rs ta n d in g  o f th e  n eu ra l basis ío r in- 
te s tin a l m o tility  w ill req u ire  m o v in g  fo rw ard  from  the  
o v erw o rk ed  c o n c e p t o f the  p eris ta ltic  re ílex  a n d  on  to 
in v estig a tio n  o f  m ic ro c irc u its  in  p o s itio n s  at levels of 
o rg an iza tio n  b ey o n d  the  re íỉex  h a rd w ir in g  th a t faith- 
íu lly  re p ro d u c e s  the  m u sc le  b eh a v io r  each  tim e the 
in v e s tig a to r s tre tch e s  th e  in te s tin a l wall o r  s tro k es  
the  m ucosa.

See A lso the F o llow ing  A rticles

Emesis •  Enteric Nervous System • M igrating Motor Com- 
p lex  •  P ostprand iaỉ M otility  •  P ow er P ropulsion
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Peritoneal Disorders
Bư ck m in ster  F arrow  a n d  B. M ark E vers 

Universitỵ oj Texas, Galveston

perit.on.itis Inílammation of the peritoneal linings of the  
abdominal cavity; may be of iníectious, chemical, or 
unknown origin. 

peritoneal mesothelioma A rare malignant tumor aris in g  
from the peritoneal lining of the abdominal cavity. 

pseuđomyxoma peritonei A rare condition maniíested by 
diffuse, gelatinous implanls of the peritoneal cavity and 
omentum arising from mucinous neoplasms of thc ovary 
or appendix.

P er ito n itis , an in íla m m a tio n  o f  th e  p er ito n ea l lin in g  o f  the  
a b d o m in a l ca v ity , is  the m o s t  c o m m o n  p e r ito n ea l d ise a sc  
and m ay be o f  in ỉe c t io u s ,  c h e m ic a l, or unknovvn or ig in . 
O th er  p e r ito n ea l d iso r d e r s  in c lu d e  p e r ito n ea l m e so th c li-  
om a , a rare m a lig n a n t tu m o r  that a r ise s  írom  th e  per ito -  
n ea l l in in g  o f  th e  a b d o m in a l ca v ity , and  p se u d o m y x o m a  
p e r ito n e i, a rare c o n d it io n  m a n iíe s tc d  b y  d iffu se , ge la ti-  
n o u s  im p la n ts  o f  th e  p er ito n ea l c a v ity  an d  o m e n tu m  that  
a r ise s  from  m u c in o u s  n e o p la sm s  o f  th e  ovary  or a p p en d ix .

PE R IT O N IT IS

T he m o st co m m o n  d iso rd e r  o í the p e rito n eu m  is 
inQ am m ạtion , o r p erito n itis , w h ich  is usưally  o f iníec- 
tious orig in . P e rito n itis  can  be đ a s s iíìe d  in to  two types 
based  o n  etiology.

Primary Peritonitis

P rim ary p e rito n itis  o cc u rs  w ith o u t an  iden tiíiab le  
so u rce  o í  in íec tio n , u su a lly  in  p a tien ts  w ith  p reex is tin g  
ascỉtes (m ost co m m o n ly  c irrh o sis  in ad u lts  o r n ep h ro tic  
sy nd rom e in ch ild ren ). D iagnosis is m ade by cell co u n t 
an d  cu ltu re  o f the ascitic ílu id . T re a tm en t req u ires  an- 
tib io tic  coverage ap p ro p ria te  ío rb o th g ra m -p o s it iv e  an d  
gram -negative  bac teria , becausc  Escherichia coli and  
Kỉebsielỉa pneum oniae  are  increasing ly  co m m o n  in  
ascitic  ílu id  cu ltu res .

Secondary Peritonitis

Secondary  periton itis , m uch  m ore  com  m on than  
p rim ary  periton itis , is causéd  by an  in tra -abdom inal in- 
fection, such  as perĩo ration  of the bow el, and can be 
íu rth e r d iv ided  in to  acu te suppura tive , g ranu lom atous,

an d  aseptic (chem ical) form s. Acute su p p u ra tiv e  p erito - 
nitis is usually  caused  by spillage of in testina l co n ten ts  
in to  thc peritoneal cavity as a resu ỉt of p rim ary  in tra -  
abdom inal disease (e.g ., perío ra ted  pep tic  u lcer, ap p en - 
d icitis, d iverticu litis, perĩoratecl carc inom á), pe.nelrati..ng 
traum a, o r ia trogen ic  perío ration  after in s tru m e n ta tio n  
or radiologic p rocedu res. Early signs of peritoneal in - 
ílam m ation  include nausea, vom iting, ano rex ia , a n d  
vague poorly  localized abdom inal pain. As the in fection  
progresses, these sym ptom s may worse-n a n d  the p a in  
becom es m ore  focal as the in ílam m ation  o f  the visceral 
perito n eu m  ex ten d s to  the parietal peritoneal. Fever a n d  
signs of hypovolem ia (tachycardia, clry m u co u s  m ern- 
b ranes, low  u rinary  o ư tpu t) m ay also be p resen t. T reat- 
n ien t consists o f p ro p e r  ílu id  resusc ita tion , an tib io tic  
therapy , an d  p ro m p l trea tm en t o f the u n d erly ing  p a th o l- 
ogy usually  th ro u g h  surgical in tervention .

G ra n u lo m a to u s  p erito n itis  m ay be í rom  fungal, 
am ebic , o r p a ra sitic  sources, b u t tu b e rc ư la r  in íec tiơ n  
is by far the m ost com m on  etiology. T h e re  has b een  
an  u n ĩo rtu n a te  resu rgcnce  of tu b c rc u lo u s  p e rito n itis  
(Fig. 1) d u e  to an  in c rease  in  th e  p reva lence  o f acq u ired  
im m u n e  deR ciency synd rom e, a lth o u g h  it still

FIG URE 1 C om puted  tom ography scan dem onstrates ascites  
(open  arrovv) and sm all bovvel th ickening (íìlled  arrow) in a pa- 
tient with tubercu lous peritonitis. C ourtcsy o f  C harles J. Fagan, 
M.D. (G alvesion , TX).



com plica tes less th an  1% of all M ycohactcrium  tubcrcu- 
losis in íections. The in ĩec tio n  u su a lly  o rig in a tes  o ụ ts id e  
the  pe ri to  ne um  from  diseasecl bow el, írom  sa lp ing itis , 
o r  th ro u g h  h em ato g e n o u s  spread. o f a p rim a ry  pu lm o - 
nary  in íec tion . ư n lik e  su p p u ra tiv e  p e rito n itis , o n se t oí 
sy m p to m s is qui te in s id io u s  w ith  70%  of p a tien ts  d is- 
p lay ing  fever, m alaise, an o rex ia , w eakness , o r w eight 
loss for m o re  th a n  4 m o n th s  p r io r  to  d iagnosis. A scites 
and  cliíTuse ten d ern ess  are  u su a lly  p re se n t an d  sh o u ld  
su^gest th e  illness in  h ig h -risk  o r im m u n o c o m p ro m íse d  
p a tien ts  w ith  u n ex p la in e d  ĩcver and  m alaise. T he d is- 
ease usua lly  re sp o n d s rap id ly  to an ti- tu b e rc u lo s is  
the rapy  w ith  the e x c ep lio n  o f cases inv o lv in g  new ly 
em erg en t cỉrug-resistan t m ycobacteria .

C h em ica l (asep tic ) p c rito n itis  re su lts  from  sp illage 
o f irri tan t m ateria ls  th a t are in itially  s te rile , b u t w ith  
tim e b eco m e seco n d arily  in íec ted  and  p re se n t as sup- 
p u ra tiv e  p erito n itis . Bile, u rin e , and  chyle are p o ten tia l 
en d o g e n o u s  causes, w hereas ia tro g en ic  etio log ies 
in c lu d e  b ariu m  from  rad io log ic  s tu d ie s  (w ith  a 
c o n c u rre n t p e ríb ra tio n )  an d  s ta rc h  p o w d e r  from  surg i- 
ca l gloves. P a tien ts  w h '0 u n d erg o  c o n tin u o u s  am bu la- 
to ry  p e r ito n e a l d ia lysis m ay acq u ire  in íe c tio n s  o f  the 
n o r m a l l y  S l e r i l e  c a t h e t e r  a n d  p e r i t o n e u m ,  ỉ e a d i n g  t o  

bac te ria l p erito n itis . T re a tm en t is s im ila r to su p p u ra tiv e  
p e r ito n itis— íluici re su sc ita tio n , a p p ro p ria te  an tib io tic  
coverage, an d  su rg ery  to  c o n tro l the  so u rce  o f p e rito n ea l 
c o n lam in a iio n .

PRIM ARY M E SO TH E LIO M A

S im ilar to p leu ra l form s, p r im a ry  p erito n ea l 
ĩn e so th e lio in a  is lin k ed  to asbestos e x p o su re , a lth o u g h  
o n ly  20 — 40%  oí m eso th e lio m as o c c u r in  the  p erito - 
n e u m  (Fig. 2). C lin ical p re se n ta tio n  in c lu d es  n o n sp e - 
cific a b d o m in a l pain , n au sea , v o m iting , w eigh t loss, and  
d ia rrh ca ; ascites is fo u n d  in  90%  o f p a tien ts . M ost cases 
are n o t id e n tiíied  u n til  lap aro sco p y  o r  la p aro to m y  is 
p e r ío rm e d . C urativc  tre a tm e n t is ra re  becau se  the  dis- 
ease is u su a lly  q u ite  ad v an ced  a t the  lim e o f d iagnosis. 
S urgery  se rves on ly  to co n íìrm  th e  đ iag n o sis  an d  p rov ide 
pallia tive  p ro ce d u re s  to relỉeve o b stru c tio n . C hem o- 
th e rap y  a n d  rad io th e rap y  have sh o w n  m in im al success 
a lth o u g h  n ew er in tra p e r ito n e a l c h e m o th e ra p y  an d  im - 
m u n o th e ra p y  m ay im prove  the p rognosis.

P S E U D O M Y X O M A  PE R IT O N E I

P seu d o m y x o m a  p e rito n e i is a ra re  co n d itio n  m an iíested  
by d iffu se , g e la tin o u s  im p lan ts  o f the  p e r ito n e a l cav ity  
a n d  o m e n tu m  aris in g  from  m u c in o u s  n eo p lasm s o f the 
o v ary  o r a p p e n d ix  (Fig. 3). M ost cases o c c u r in  w om en

FIG Ư R E 2 Computed tomography scan demonstrates diffuse 
m esenteric and pcritoneal involvem eni of a soft tissue mass 
(arrow) causing displacem ent ơf intra-abdominal organs in a pa- 
tient with periloneal m csotheliom a. Courtesy of Charles J. Fagan, 
M.D. (Galveston, TX).

w ho  have d isease in  b o th  o rgans; th u s , th e  tissue of 
o rig in  is n o t es tab lished . P a tien ts m ay p re se n t w ith  ab- 
d o m in a l p a in  o r in c reasin g  g irth  d u e  to m ụ c in o u s  
ascites, b u t m ost đ iagnoses a re  m ad e fo ỉlow ing  surg- 
ical ex p lo ra tio n  for ap p e n d ic itis  o r ovarian  tum ors. 
C o m p u te d  to m o g rap h y  m ay reveal ch a rac te ris tic  
“sc a llo p in g ” o f the hepa tic  an d  bow el m arg ins. T real- 
m e n t is p rim arily  su rg ica l, to in c lu d e  aggressive 
d eb u lk in g , ap p e n d ec to m y , b ila te ra l o o p h o rec io m y , 
a n d  o m en tec to m y . R ecu rrence  rates are  h igh  (app rox - 
im aiely  75% of p a tien is); hovvever, d u e  to th e  low  grade 
o í th is  m alignancy , rep ea t d eb u ik in g  p ro c e d u re s  are 
in d ic a ted  an d  m ay  im prove o u tco m e. C h e m o th e ra p y

FIG Ư R E 3 Computed tomographv scan demonstrates large 
gelatinous masses (arrows) in a patient with pseudom yxom a 
peritonei. Courtesy of Charles J. Fagan, M.D. (Galveston, TX).



m ay p ro d u ce  a m odest survival advan tage over su rgery  
alone; rad io th e rap y  ap p ears  to have no  ro le  in  the ireat- 
m en t o f p seu d o m y x o m a p erito n e i.

See A lso the Follow ing Articles

A scites •  Peritoneura, A natom y and D evelop m en t
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Peritoneum, Anatomy and Development
M ic h e l e  1. S l o g o f f  a n d  B . M ark  E v e rs  

University <)j Texas Medical Branch, Galveston

co elo m  Body cavity of the em bryo.
m eso th e liu m  Layer of ílat cells derived from the m esoderm  

ihat lines the coelom . 
p eriton eu m  Serous m em brane lin ing ihe abđom inopelvic  

vvalls and investing the viscera.

The peritoneum  is the m esothelial lin ing o f the peritoneal 
cavity and its contained  viscera; it íunc tions as a bidirec- 
tional dialysis m em brane and th u s plays a m ajor role in 
defending  against inA am m atory processes o f the abdo- 
m en. The peritoneum  is the key organ involved in sensa- 
tion  o f abdom inal pain  and is thus in tegral to điagnosing 
abdom inal palhology.

EM BRYOLOGY A N D  D E V E L O PM E N T

T he p e rito n e u m  an d  o th e r  body  cavities beg in  lo 
develop  from  the in traem b ry o n ic  coe lom  n ea r the 
end o f the th ird  w eek o f gestation . T he coe lom  has a 
parie ta l wall an d  a visceral w all, b o th  lin ed  bv m eso the- 
lium ; the  p a rie ta l m eso th e liu m  is derìved  from  som atic  
m eso d erm  w hereas the v isceral m eso th e liu m  is derived  
from  sp lan ch n ic  m esoderm . By the fou rth  w eek  o f ges- 
ta tion , the  coelom  ap p e ars  as a h o rsesh o e -sh ap ed  cavity  
in the ca rd iogen ic  an d  la tera l m esoderm . T he curve of 
the “h o rsesh o e” rep resen ts  the íu tu re  p e rica rd ia l cavity, 
and  the la teral and  caudal ex tensions rep resen t the

even tua l p le u ra l an d  p e rito n e a l cav iúes (Fig. 1). 
T hese la teral areas co m m u n ic a te  w ith  the ex traem bry - 
on ic  coelom . T he d ev e lo p m en t o f the  m idgut involves a 
h e rn ia tio n  th ro u g h  th is c o m m u n ic a tio n  in to  the um bil- 
ical co rd , w h ere  the m idgu t develops in to  the sm all 
in te sú n e  an d  p a r t o f ihe  large in testin e . At th is p o in t, 
the in ư a e m b ry o n ic  coelom  is d iv ided  in to  righ t an d  
left halves th a t are d iv id ed  by the  ven tra l and  dorsal 
m esen teries.

T ow ard  the end  o f the ío u rth  w eek  of gesta tion , the 
la te ra l p a rts  of the in tra em b ry o n ic  coe lom  m ove on io  
the v en tra l aspec t o f the em bryo  an d  the ven tra l m es- 
en tery  deg en era tes , c rea tin g  a large peritonea l caviiy  
w ith  a d o rsa l m esen tery  (Fig. 2). U ntil the seven th  
w eek  o f g es ta tion , th is  p e rito n ea l cavity com m un ica tes 
w ith  the p e rica rd ia l an d  p le u ra l cavities ih ro u g h  peri- 
ca rd io p e rito n e a l canals; d u r in g  the fĩfth and  six th  w eeks 
of gesta tion , folds ío rm  n ea r the  cran ia l and caudal ends 
of these canals. F u sio n  o f these m e m b ran o u s  folds w ith  
m e so d erm  v en tra l to the eso p h ag u s separates the  peri- 
card ia l an d  p leu ra l cavities w h ile  fusion of the caudal 
p le u ro p e rilo n ea l m em b ran es ío rm s the d iaph ragm  and  
sep ara te s  the p leu ra l an d  p e rito n ea l cavities. The peri- 
toneal cav ity  th e n  loses its c o n n e c tio n  w ith  the extra- 
em bryon ic  coe lom  d u rin g  the te n th  vveek oi gestation , 
w hen  ihe in te s tin es  re tu rn  to the ab d o m en  from  ihe
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F IG U R E  1 (A ) Drawing of a dorsal view of a 22-day-old embryo, showing outline of the
horseshoe-shaped intraembryonic coelom . (B) Transvcrse section through embryo at the level 
shown in A. Reproduced with permission from Moore and Persaud (1998).

um bilical corc]. At th is  p o in t, the  p e rito n e u m  lines ihe 
abdom inal w all an d  invests the ab d o m in a l viscera.

A N A T O M Y  A N D  PH YSIO LO G Y

The p e r ito n e u m  is m ade up  of ihe  v isceral an d  parie ia l 
layers; it h as  a total su rlace  area  of ap p ro x im ate ly  2 m 2. 
The v isceral p e r ito n e u m  covers the in tra p e rito n e a l 
organs an d  form s the m esen te ries  by w h ich  they  are 
su sp en d ed . T he p e rito n eu m  an d  its m esen tery  are 
su p p lied  m ain ly  by the sp la n ch n ic  b loođ  vessels, and , 
to a lesser ex tern , by b ran c h es  o f the  v isceral an d  p arie ta l 
perito n eu m .

D iiĩe rences arise in  the  in n e rv a tio n s  o f the  v isceral 
and parie ta l p e rito n eu m , le ad in g  to d iffering  p a tte rn s  o f 
sensa tion  o f p a in íu l s tim u li. T he v isceral p e r ito n e u m  
receives its in n e rv a tio n  from  th e  au to n o m ic  n ervous 
system  an d  resp o n d s  p rim a rily  to  trac tio n  an d  p ressu re  
or d is ten sio n ; p a in iu l s tim u li a re  perce ived  as a poorly  
localized , d u ll pain . In  g en e ra l, p a in  in th e  ep igastric

reg ion  is re ĩe rred  from  a foregut s tru c lu re  (e.g., stom - 
ach, d u o d e n u m , pan c reas , o r b iliary  trac l) ; p a in  in  the 
p e riu m b ilica l area  is the  resu lt oí s tim u lu s  to a m id g u t 
s tru c tu re  (ap p e n d ix , je ju n u m , o r ileum ) an d  pain  in  the 
h y p o g astric  o r su p rap u b ic  reg ion  is from  a h in d g u t 
so u rce  (d ista l co lo n  o r  rec tu m ). In co n tra s t, b o th  so- 
m atic  and  v isceral affe ren t nerv es in n e rv a lc  the 
parie tal p e rito n eu m . T h erefo re , n o x io u s  s tim u li a re  per- 
ceived as a localized , sh a rp  p a in  w ith  re b o u n d  ten d er- 
ness an d  are re fe rred  to as “p e r ito n ilis .”

P u n c tio n a lly , the p e rito n e u m  serves as a b id irec- 
tional d ia lysis m e m b ran e  th ro u g h  w h ich  b o lh  large- 
and sm a ll-m o lecu la r-w eig h t so lu tes  pass by s im ple  
passive d iffusion . A b so rp ú o n  can be a lte red  by changes 
in in tra ab d o m in a l p ressu re , te m p era tu re , pH , and  p o rta l 
p ressu re  in a d d itio n  to  lym pha tic  b lockade an d  perito - 
neal scarring . T he p e r ito n e u m  c o n ta in s  a com plex  
defense system  th a t p ro tec ts  aga in st in ílam m ato ry  pro- 
cesses. T his sy stem  consis ts  m a in ly  o f m echan ica l 
c learance of th e  p e rito n ea l cavity , the  b ac te ric id a l
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m ech an ism s o f p o ly m o rp h o n u c lea r  leukocv tes, an d  se- 
q u es tra tio n  m ech an ism s such  as Rbrin trap p in g  of 
bac te ria l ac tiv a tio n  o f co m p lem en t. T he p e rito n eu m  
is the key o rgan  in  se n sa tio n  o f ab d o m in al p a in  and  
in  the  physical d iagnosis o f ongo in g  in tra ab d o m in a l 
pathology .

See Also the F ollow ing Articles

D evelop m en t, O verview  •  G astro in testin a l Tract A natom y, 
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Pernicious Anemia
Ra l ph  C a r m e l

New York Methodist Hospital, Brooklyn and Wcill Medical Collegc o j Cornelì Univcrsity

in tr in sic  lactor A g lvcoprotein  that b inds cobalam in  
speciíìcally , attaches to a receptor (cub ilin ) on the apical 
m em b ra n e  o f  the ìlea l ep íth e lia l c e ll , and  is in le r n a liz e d  
to g e th er  w iih  its co b a la m in  b v  tha i ce ll.

P ernicious anem ia (PA) is defined as cobalam in (vitam in 
B12) dcíìciency caused by that v itam in’s m alabsorp tion  
because of the p a tien t’s ĩailure to secrete gaslric in trin sic  
factor. This anachron istic  hem atologícal nam e for w hat is 
really a gastroenterological d iso rd er was coined originally  
to reflect the m egaloblastic anem ia that cobalam in defi- 
ciency often causes. However, m any p a tien ts  d iagnosed 
w ith  PA have little  or no anem ia; m oreover, folatc defi- 
ciency and rare m elabolic d iso rders can cause ihe same 
anem ia. PA does not refer to cobalam in deíiciency pro- 
duced by any o th er m echanism s, such as in testinal 
disease.

P A T H O G E N E SIS  A N D  D IA G N O S IS

T he p arie ta l cell syn thesizes in trin sic  íac to r (IF) ancỉ 
secre tes  h , as w ell as acid , in to  the gastric lum en . T he

p a th o g en e tic  basis  of p e rn ic io u s  anem ia (PA) is the 
inab ilily  o f the  p arie ta l cell to do  so. VVithout IF,
coba lam in  c a n n o t be ab so rb ed  efficiently.

In  the m ore co m m o n , acq u ired  form  of PA, the lack  
o f IF resu lts  from  severe a tro p h ic  gastritis w ith  loss of 
parie tal cells. T he g astritis  te n d s  to involve the íu n d u s  
w h ile  sp a rin g  the  a n tru m  and  ihe d iso rd er has m any 
ĩe a tu re s  of an  au to im m u n e  process. A ntibody  d irec ted  
a t the H f ,K+-ATPase p u m p  of th e  parie ta l c e ll  circu la tcs 
in the  b lo o d  in  7 0 —90%  of p a tien ts , b u t it is character- 
i s t i c  f o r  a t r o p h i c  g a s t r i t i s  i n  g e n é r a l  a n d  is  n o i  s p e c i í i c  

for PA. A p prox im ate ly  60 — 70% o f p a tien ts  w ith  PA have 
c irc u la tin g  an tib o d ie s  to IF, w hose p resence is v irtua llv  
d iag n o stic  for p e rn ic io u s  anem ia. Serum  gastrin  levels 
are elevated  in > 8 0 %  of cases and  often  m assively so. 
T he gas tritis  in  ap p ro x im ate lv  10% of patien ts w ith  ac- 
q u ircd  PA is d iííu se , does n o t spare the an trum , and  is 
a c co m p an ie d  by few er im m u n e  p h enom ena . A m uch  
ra re r  form  o f PA is an  u n rc la ted  in b o rn  e rro r  o f 1F 
sv n th csis  in w h ich  the s to m ach  an d  parie ta l cell func- 
ú o n  arc othervvise norm al.



W hereas a iro p h ic  g as tritis  itse ir  is q u ite  co m m o n , 
PA is relaùvelv  u n co m m o n . A lth o u g h  PA p re d o m in a te s  
in the elderlý , a p p ro x im a te ly  2 % of w h o m  have u n su s-  
pected  PA, it affccts y o u n g er in d iv id u a ls  too , espec ia lly  
am ong b lack  w om en .

The d iagnosis o f  PA is u su a lly  c s tab lish ed  by p ro v in g  
IF absence d irec tly  by assay o f gas tric  ju ic e  o r  in d ire c tly  
by shovving ab n o rm a l a b so rp tio n  of rad ioac tive  cobal- 
am in  vvith co rrec tio n  w h en  IF is g iven  ex o g en o u sly  
(Schilling  test). A p re su m p tiv e  d iag n o sỉs  can  also be 
m ade by d e m o n s tra tin g  an tib o d y  to IF in  the  b lood .

D E F IC IE N C Y  O F C O B A L A M IN

W hen  IF sec re tio n  fails, co b a la m in  a b s o rp tio n  v irtu a lly  
ceases an d  a negative co b a la m in  balance g rad u a lly  
develops. The p ro g re ss io n  is slow  becausc th e  daỉly  
tu rn o v er of co b a la m in  is o n ly  a p p ro x im a te ly  0 . 1 % of 
the bo d y  sto res . Several years u su a lly  e lapse b efo re  the  
clin ical signs o f co b a lam in  d e íìc ien cy  beg in  to appear. 
A lthough  all ce lls re q u ire  co b a lam in , the m ost co m m o n  
m an iíesta tions o f  co b a lam in  deíic iency , w h e th e r  clue to 
PA o r o th e r  d iseases, are h em ato lo g ica l an d  n eu ro lo g - 
ical ones. P atien ts  can  have b o th  o r  ju s t  one of these 
tw o types o f m a n ife s ta tio n s— or, if cau g h t earlv , n e ith e r  
one o f them .

M egaloblastic an em ia  is ch a rac te rize d  by la rge red  
b lood  cells (a h ig h  m ean  c o rp u sc u la r  v o lu m e is o ften  th e  
earlies t ex p re ss io n  o f  co b a la m in  d eS c ien cy ), ab n o rm a l 
nucỉe i, and  ev e n tu a lly  p an c y to p c n ia  as ineffective 
h em ato p o iesis  p rogresses . T he um e thy lfo la te  tra p ” p ro - 
đ u ce d  by co b a la m in  d e íic iency  causes the  im p a ired  
DNA syn th esis  o f ih is  anem ia , w h ich  is in d is tin g u ish -  
able from  th a t in  folate deíiciency.. T he n eu ro lo g ica l 
p ro b lem s typ ically  invo lve th e  p o s te rio r, an d  occasion - 
ally lateral, c o lu m n s  o f th e  sp ina l co rd  a n d  p e rip h e ra l 
nerves. H ow evcr, all p a rts  o f th e  n e rv o u s system  can  be 
affected , in c lu d in g  ce reb ra l íu n c tio n . T he  b io ch em ica l 
basis for the n eu ro lo g ica l d y sfu n c tio n  is u n k n o w n .

C O M P L IC A T IO N S

T w o types of d iso rd e rs  co m p lica te  PA m ore o íte n  th a n  
expected . O ne is o rg an -sp ec iíic  im m u n e  d iso rd e rs  su c h

as e n d o c r in o p a th y , espec ia lly  hx^pothvroidism , w h ich  
can  affect 5% of p a tien ts . T he o th e r  co m p lic a tio n  is 
gas tric  neop lasia . T he r isk  o f  gas tric  ca rc in o m a is in- 
creased  several-fo ld  in PA an d  gastric  ca rc in o id s  m ay be 
even m o re  co m m o n  th a n  cancer.

TH ERA PY  A N D  M A N A G E M E N T

T he co b a lam in  defic iency  is easily  trea ted : m egalob las- 
tic an em ia  is read ily  rev e rsed  an d , if co b a lam in  th e ra p y  
is b eg u n  early  e n o u g h , so are the  n e u ro lo g ic  ab n o rm a l- 
ities. H ow ever, th e  gas tric  d e ĩec t persis ts , m a k in g  life- 
lo n g  co b a la m in  re p la ce m en t m a n d a to ry . B ecause 
co b a la m in  is ab so rb ed  p o o rly  in PA, treatm ent. is u sua lìy  
by irý ec tio n  (ora l co b a la m in  can  be u sed , b u t very large 
daily  d oses m u s t be g iven). M ost ex p e rts  advise en d o - 
scopy  for n eo p lasỉa  in  every  p a tie n t a t ihe tim e ơf diag- 
nosis  an d  th y ro id  íu n c tio n  sh o u ld  be m o n ito re d  
period ica lly .

See A lso the FoIlow ing A rticles

C obalaìĩiin  D e íìc ien cy  •  G astrin  •  In trinsic  Factor •  Parietal 
C ells  •  V itam in B12: A b sorp tion , M etab oỉism , and
Deíìciency
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agonist Drug or substance that binds to a receptor on a cell 
to induce a response. 

antagonist Drug or substance thai binds to a receptor 
on a cell to prevent or reverse the response of an 
agonist.

inílammatory bowel disease A severe inílammatory disorder 
of the gastrointestinal tract characterized by abdominal 
pain, rectal bleecling, diarrhea, íever, and seve-re weighl 
loss.

irritable bowel syndrome A íunciional disorder of the 
gastrointestinal (GI) iract characterized by abdominal 
pain and discomíort associated vviih altered bowel 
habits, occurring in the absence of structural or 
biochemical abnormalities within the GI tract. 

neurotransm itter A chemical released by neurons in the 
brain or peripheral nervous system LO communicate with 
other neurons.

peptic ulcer disease A disorder of the upper gastrointestinal 
iract (esophagus, stomach, and duodenum)* character- 
ized by inílammaúon and ulceration. 

prebiotic Agenis thai stimulale selectiveìy the grovvth of 
biíìdobacteria and lactobacilli in thc gut. 

probiotic A live microbial íbod supplement that affects the 
host by improving its ỉntestinal microbial balance. 

prokinetics Agents that stimulate the movement of lumenal 
contents along the gastrointestinal tract. 

receptor A protein structure to which neurotransmitters, 
hormones, and pharmaceutical bind selectively to 
produce a íunctional effect.

D isorders of the gastro in testinal (GI) tract are 
com m on, unp leasan t, and com plex, affecting the m ucosa, 
m usculature , and innervation  froin the esophagus to  the 
colon. These d iso rders are m aniíested  as u lceration , in- 
Aamm ation, obstruction , d iarrhea, constipation , and ab- 
dom inal pain. Over ihe past few years, although the 
pharm acological trea tm cn t of m any GI d iso rders has im- 
provcd signiíìcantly, the m anageinent of GI d iso rders still 
con tinues to  pose a signiíìcant challenge to clinicians. 
However, as understan d in g  of thc biology of GI d iso rders 
expands, the po ten tia l íor the íu tu rc  dcvelopm ent of noveỉ 
pharm acological agents increases. This article provides a 
brief pharm acological o v en  icw of the approachcs to trea t 
a series of im portan t GI d isorders.

PEPTIC U L C E R  A N D  
G A ST R O E SO PH A G E A L  R EFLUX  
D ISE A SE  THERAPY

U n d er physio log ical co n d itio n s , cy to p ro tec tiv e  m ech a - 
n ism s exist to p rev en i in tra lu m in a l c o n te n ts  from  d am - 
ag ing  the  m ucosal lin ing  o f th e  g a s tro in te s tin a l (G I) 
tract. H ow ever, u n d e r  p a th o p h y sio lo g ica l c o n d itio n s , 
the re  is an  im balance be tw een  defensive  factors, o n  
the one h an d , and  offensive íac to rs , on  the  o th e r, le ad in g  
to  m ucosal in ílam m atio n  an d  in ịu ry . N o n ste ro id a l an ti-  
in ílam m ato ry  d rugs (NSAIDs) are  the  m ainstay  ío r the  
trea tm e n t o f m u scu lo sk e le ta l in ílam m ato ry  d iseases, v e t 
they  rep resen t one o f the  m a jo r  causes of se rio u s  GI 
irỳury . T rad itio n a l NSAIDs are  no n se lec tiv e  in h ib ito rs  
o f cyclooxygenase (CO X ) iso ío rm s C O X -l  an d  C O X -2 
an d  d es tro y  the  m ucosal d e íen se  sy stem  in  p a rt ih ro u g h  
dccreas ing  the syn thesis  of cy to p ro tec tiv e  C O X -l-d e -  
rived  an ti-in ílam m ato ry  p ro s ta g la n d in s  in  the u p p e r  
GI tract. G l tox ic iiy  assọc ia ted  w ith  N SAlDs in c lu d es 
dyspepsia, g as tro d u o d en a l u lc e rs , an d  severe gastric  
bleecling. N ew er NSAIDs th a t ac t se lec tive ly  to in h ib it 
C O X -2-derived  p ro -in flam m ato ry  p ro s tag lan d in s , b u t 
n o t CO X -1, have s ig n iík a n tly  re d u c e d  GI tox ic ity . An- 
o th e r  rnaịor cause o f p ep tic  u lc e r  d isease  is Heìicobacter 
pylori in íec tion . G astric  dam age aỉso  o ccu rs  in  
critica lly  ill p a tien ts  d u e  to s trc s s-re la te d  m u c o sa l dis- 
ease, th o u g h t to  be caused  by d ec reased  b lo o d  flow, 
m ucosal ischem ia, an d  h y p o p e r íu s io n —re p e ríu s io n  
in jury .

T he goals o f trea tm e n t for p e p tic  u lcer d isease 
inc lude  reliev ing  sym ptom s, in c re as in g  h ea lin g  rate , 
p rev e n tin g  co m p lica tio n s su ch  as b leed in g , p e río ra - 
tions, and  o b stru c tio n , an d  íiná lly , av o id in g  recu rren ce . 
P harm aco log ical trea tm e n t for p ep tic  u lc e r d isease 
in c lu d cs the  use of o v e r- th e -co ư n te r  (O T C ) an iac id s  
to  n eu tra lize  the pH  of gastric  c o n te n ts . S ubsequen tly , 
h is tam in e  type 2 (H 2)-rec ep to r  an tag o n is ts , su ch  as 
c im etid in e  (T agam et), ran itid in e  (Z an tac ), n iza tid in e  
(A xid), an d  íam o tỉd in e  (Pepcicl), a re  u sed  to in h ib it 
ac id  secretion . P ro ton  p u m p  in h ib ito rs , w h ich  in c lu d e  
om ep razo le  (P rilosec), la n so p e raz o le  (Prevacid),



rabep razo le  (A c ip h e x ), p an to p erazo le  (P ro to n ix ) , and  
esom eprazo le  (N e x iu m ), are ab le to effectively su p p ress  
basal and  s tim u la te d  gastric  ac id  se c re tio n  by noncom - 
petitive  in h ib itio n  oí th e  H +,K "-A T Pase p u m p  on  the 
parie tal cell. O th e r  ag en ts  th a t can  be em p loyed  to trea t 
pep tic  u lce r d isease  in c lu d e  co a tin g  agents, su ch  as 
su c ra lía te  (C a ra ĩa te ) , an  a lu m in u m  salt of a su lfated  
d isaccarid e  th a t co a ts  the m ucosal lin ing  a n d  allow s 
h ea lin g  to  o ccu r. F o r those  p a tien ts  w ho p re se n t w ith  
N S A lD -induced  p ep tic  u lcer d isease , the use o f the 
sy n th e tic  p ro s ta g la n d in  ana logue  m iso p ro s til (C y to tec) 
in  co m b in a tio n  w ith  th e  NSAID has red u ced  the inci- 
dence  o f p ep tic  u lc e r  disease. F o r p a tien ts  w ho test 
positive  for H. pylori in íe c tio n , e ra d ica tio n  o f thc m i- 
c ro o rg an ism  re su lts  in  u lc e r  h ea lin g  an d  red u ces the risk  
o f u lc e r  re c u rre n c e  a n d  com p lica tio n s. E rad ica tion  of 
tì. pylori is co m p lex , re q u ir in g  a 10- to  14-day m u ltid ru g  
reg im en  o f a n tib io tic s  and  ac id  su p p ress io n . H ow ever, 
new e r a p p ro a c h e s  to  im p ro v e  the e ra d ica tio n  of 
H. pỵlori w ill lik e ly  im p ro v e  p a tie n t com pliance , be 
devo id  o f the p o te n tia ỉ for a n tim ic ro b ia l resis tance , 
a n d  h a  ve a lo w er cost.

A n o th e r  c o m m o n  d iso rd e r  o f the u p p e r  GI trac t 
is g as tro eso p h ag ea l re ílu x  d isease  (G ER D ), w hich  is 
defin ed  as the excessive  backflow  of gas tric  co n ten ts  
in to  the e so p h ag u s . S ym ptom s o f GERD in c lu d e  fre- 
q u e n t o r claily h e a r tb u rn , w h ich  can  p rog ress  to esoph- 
ageal in ju ry . E x traeso p h ag ea l in ju ry  can  also occu r in  
a sso c ia tio n  w ith  G ER D , resu ỉtin g  in  hoarseness, vocal 
co rd  g ran u lo m as, d e n ta l ero sio n s , ch ro n ic  cough , b ro n - 
ch itis , a s th m a , an d  u n ex p ỉa in e d  chest pain . T hose at 
r isk  for G ERD  in c lu d e  in ían ts  y o u n g er th an  12 m o n th s , 
th o u g h  th e  c o n d it io n  is o íten  se lí-lim iting . Olcler 
a d u lts  are  also  at r isk  for GERD due to p ro lo n g ed  
ac id  ex p o su re  o v er m any  years. A dd itiona l risk  íacto rs 
for GERD incK ide in c re ase d  ac id  sec re lio n , use  o f d rugs 
th a t red u c e  lo w er esophageal sp h in c te r  (LES) p ressu re , 
a b n o rm a litie s  in  esophageal c lea rancc  m echan ism s, gas- 
tro p a re s is  (d e lay ed  gas tric  em p ty in g ), h ia ta l h e rn ia , 
obesity , sp in a l co rd  in ju ry , th y ro id  d isease , Z ollinger- 
E lliso n  sy n d ro m e , d iabetes , a n d  connective  tissue d is- 
o rd ers . T he  m a n a g e m e n t o f GERD req u ires  a stepw ise 
ap p ro a c h , an d  if  liíesty le  m o d iíìca tio n s  íail to  con tro ! 
sy m p to m s, p h a rm a c o lo g ic a l th e ra p y  can  be  added . 
D rưgs u se d  fo r th e  m an ag em en t o f GERD in c lu d e  
O T C  a n ta c ỉd s  to  n eu tra liz e  th e  pH  of gastric  co n ten ts . 
H ow ever, ac id  su p p re s s io n  rem a in s  the co rn e rs to n e  o f 
tre a tm e n t for G ERD  since it p ro v id es adequate  
sy m p to m  re lie í, re s to re s  th e  q u a lity  o f life, an d  p rev en ts  
m an y  o f th e  p o te n tia l co m p lic a tio n s  associa ted  w ith  
th e  d iso rd c r . H 2 -re c e p to r  an tag o n is ts  are able to 
in h ib it ac id  s e c re tio n , p ro v id e  h e a r tb u rn  relieí, and  
can  be  p u rc h a se d  O TC . P ro to n  p u m p  in h ib ito rs

su p p ress  acicl se c re tio n  and  th u s  p rov ide  sy m ptom atic  
re lie í fo r p a tien ts  w ith  GERD an d  rep resen t the pre- 
ĩe rred  th e rap y  for the lo n g -te rm  m an ag em en t o f pa- 
tien ts  w ith  erosive esophag itis. P ro k in e tic s  (see nex t 
sec tio n ) ca n  be used  in  p a tien ts  w ith  GERD to increase 
LES p ressu re , p ro m o te  gastric  em p ty ing , an d  enhance  
g as tro d u o d e n a l c o o rd in a tio n ; how ever, the side 
effects o f c u rren tly  availab le ag en ts  o ften  lim it th e ir  
usefu lness.

PR O K IN E T IC  A G E N T S

D iso rd ers  su c h  as gas troparesis , posLoperative ileus, and  
p se u d o -o b s tru c tio n  are recogn ized  m o tility  d iso rd ers  
th a t can  affect p ro p u ls io n  an d  cause a delay  in  in te stin a l 
transit. A gents th a t acce le ra tẹ  GI tra n s it are k n o w n  as 
p ro k in e tic s  and  exam ples in c lu d e  ch o lin o m im etics , 
su c h  as b e th an e ch o l (U rech o lin e ), w h ich  causes con- 
trac tio n  o f th e  GI m u sc u la tu re  th ro u g h  s tỉm u la tiọ n  of 
the ch o lin erg ic  re c e p to r  (M )) p rese n t o n sm o o th  m uscle  
cells. H ow ever, the use o f b e th an e ch o l is n o t p o p u la r 
s in ce  sm o o th  m uscle c o n tra c tio n s  in d u c e d  by 
b e th an e ch o l are s im u lta n eo u s  ra th e r  th an  perista ltic . 
A đ d itiona lly , ch o lin erg ic  agon ists  have m any  side cf- 
fects, in c lu d in g  a b d o m in a l p a in , d ia rrh ea , sa livation , 
an d  gastric  acid secre tion . N ew er p ro k in e tic s  cam e 
from  a chem ical class k n o w n  as su b s titu te d  benzam ides, 
w h ich  in c lu d e  m e to c lo p ra m id e  (R eg lan), a d o p am in e  
D2 rec ep lo r  an tag o n is t, an d  c isap rid e  (P ro p u ls id ), 
w h ich  w o rk s th ro u g h  a se ro to n in  re c e p to r  m echan ism . 
B oth  agen ts en h an ce  gas tric  em p ty in g  ancỉ increase 
in te s tin a l tra n s it th ro u g h  these d iffe ren t m echa- 
n ism s. H ow ever, recen t clin ical ex p e rien c e  has lin k ed  
cisap ride  to life -th rea te n in g  card iac  a rrh y th m ia s  d u e  to 
slo w in g  o f ca rd iac  re p o la riz a tio n  (Q T  p ro lo n g a tio n ), 
resu ltin g  in  w ith d raw aì o f c isapride . T h is has c rea ted  a 
gap in  the p ro k in e tic  a ren a  ancl ap p e ars  to have resu lted  
in  th e  in c reased  u se  o í  m e to c lo p ram id e . Ư n ío rtu n a te ly , 
m e to c lo p ra m id e  is associa ted  w ith  its  o w n  se t o f se rio u s 
side effects, in c lu d in g  g ynecom astia , galac to rrhea, 
fatigue, tre m o r o r r ig id ity , an d  la rd ive  dysk inesia . 
M otilides  ré p re se n t a n o th e r  class o f p ro k in e tlc  agents, 
so n am ed  b ecause they  s tim u la te  th e  m o tilin  rec ep to r  
p re se n t o n  sm o o th  m usc le  cells an d  en te ric  neu rons. 
E x am p les in c lu d e  ery th ro m y c in , a m acro lid e  an tib io tic  
th a t can  acce le ra te  gas tric  em p ty ing , en h an ce  co o rd in a - 
tio n  b e tw een  the s to m ac h  and  d u o d e n u m , an d  s tim u la te  
th e  m ig ra tin g  m o to r  com plex . A lth o u g h  rec en t ad- 
vances in  the area  o f p ro k in e tic s  have been lim ited , a 
n ew  se ro to n in  rec ep to r  agon ist, tegase rod  (Z e lno rm ), 
has b ee n  sh o w n  to s tim u la te  in te s tin a l tran s it and  re- 
lieve th e  sy m p to m s o f co n stip a tio n .



PH A R M A C O L O G IC A L  T R E A T M E N T  OF  
IN FL A M M A T O R Y  BO W EL D ISE A SE

ư lc e ra tiv e  colitis (Ư C) an d  C ro h n ’s d isease (C D ), col- 
lectively  k n o w n  as in ílam m ato ry  bow el d iseases (lBD s), 
are im m u n o re g u la to ry  d iso rd ers  of the GI trac t, char- 
ac terized  by  an  ab n o rm a l, in tense , an d  su s ta in ed  in tlam - 
m ato ry  resp o n se  to an tig en  s tim u la tio n . The c u rren t 
h y p o th es is  is th a t h y p erim m u n e  reac tiv ity  tow ard  the 
an tigens o f en te ric  bac te ria , in  a g enetica lly  su scep tib le  
h ost, is the  basis for d isease pathogenesis. S ince IBD is 
ch a rac te rized  by sp o n ta n eo u s  “íla res” an d  rem ission , 
th e rap ies  are d irec ted  at trea tin g  the active in ílam m a- 
tio n  and m a in ta in in g  rem ission . 5-A m inosalicy lates are 
the accep ted  th e rap y  in  the  trea tm e n t o f acu te  in ílam - 
m atio n  an d  m a in ta in in g  rem issio n  in  ư c .  Sulfasalazine 
(A zulfid ine) w as ihe íirst agen t in tro d u c e d  for the treat- 
m en t o f ư c  and  its  pharm aco log ica lly  active m oiety  is 
5 -am inosalicy lic  acid  (5-ASA). Since 5-ASA is absorbed  
in  the sm all in te s tin e , delivery  system s enab lin g  5-ASA 
to reach  the co lon  before ab so rp tio n  occu rs  have been 
estab lished . Speciíìcally , su c h  system s in c lu d e  en teric  
coa tings th a t d issolve at the a lkaline pH  p re se n t in  the 
te rm inal ileu m  or via a p ro d ru g , su c h  as balsalazide 
(C o lo zo l), w h ich  is m etabo lized  by bacteria l azo- 
red u c ta se s  in  the co lo n  to  release the th e rap eu tica lly  
active m oie ty  (5-ASA) an d  an  in e rt ca rrie r  m olecu le. 
T opical the rapy  by enem as, su p p o sito ries , o r íoam s 
h as been  an  advance in  the m an ag em en t o f d istal 
IBD. F o r severe active d isease, g lu co co rtico id s  have 
ciin ical im p o rtan ce  based o n  th e ir  im m im osuppressive  
capac ity  ag a in st h u m o ra l an d  ce ll-m ed ia ted  im m u n e 
responses. G lu co co rtico s te ro id s  b in d  to  speciíic recep- 
lo rs iha t, on  ac tiva tion , transloca te  to the  n u cleu s an d  
e ith e r  increase  o r d ecrease  th e  ex p ressio n  o f responsive  
genes. T he effects o f n a tu ra l (co rtiso l) an d  syn the tic  
[p re d n iso lo n e  (P re lone , P edoap red , O ra p re d ), dexa- 
m e th aso n e  (D ecad ron , D exone, H exad ro l), budeson ide] 
g lu co co rtico id s  involve reg u la tio n  oí th e  tran sc rip tio n  
and  p ro d u c tio n  of p ro -in flam m ato ry  cy tok ines and  
tu m o r necrosis factor (T N F ). A m ajo r lim ita tio n  in  
the use  o f g lu co co rtico id s  for ch ro n ic  tre a tm e n t is 
th a t th e ra p e u tic  doses are m u c h  g rea ier th a n  the  daily  
g lu c o co rtico id  p ro d u c tio n  an d  th u s  cause sig n id can t 
side effects. A p artia l so lu tio n  to th is  p ro b lem  is the 
d ev e lo p m e n t o f top ical-u se  g lucoco rtico id s , w hich  
have low  svstem ic b ioavailab ilitv  due to  p o o r ab so rp tio n  
o r ex tensive  local o r first-pass h ep a tic  m etabo lism . Top- 
ical in s tilla tio n  o f b u d eso n id e , b ec lo m eth aso n e  
d ip ro p io n a te , o r p red n iso lo n e  m ẽ tasu lfo b en zo a te  in to  
the co lo rec ta l area has been  show n  to be effective in  
p a tien ts  w ith  active d ista l IBD. N ew  ío rm u la tio n s  of 
buclesonide for co n tro lled  ileal release (E n toco rtE C )

show  h igh  top ica l efficacy w ith  m in im al side effects 
in  the trea tm e n t of m ild  to  m o d era te , ac tive  CD. Im m u- 
no su p p ress iv e  d ru g s w ith  s te ro id -sp a rin g  p ro p e r tie s  
m ay be bene íìc ia l in  p a tien ts  w ho  íailed  to  re sp o n d  or 
w ho  develop  severe side effects to g lu c o co rtic o id s . Cy- 
to tox ic  agents, su c h  as a z a th io p rin e  ( Im u ra n ) a n d  6 - 
m e rc ap to p u rin e , have b een  fo u n d  to be h e lp íu l in  pa- 
tien ts  w ith  CD. C yc lospo rine , w h ich  su p p resses  ce llu la r 
im m u n ity , has b ee n  sh o w n  to  be effective in  p a tien ts  
w ith  uc. M eth o trex a te , a folic acid  a n tim e tab o lite  tha t 
is s tru c tu ra lly  re la ted  to  in te rleu k in -1  ( IL - l)  a n d  can 
in te ríe re  w ith  its  íu n c tio n , is cu rren tly  u se d  in p a tien ts  
w ith  refracto ry  IBD. H ow ever, the b en e íìts  o f im m u n o - 
su p p ressan ts  are lim ited  by the risk  of h ig h  tox ic ity  and  
se rio u s  side effects. R ecent th e ra p eu tic  s tra teg ie s  ío r the 
trea tm e n t o f IBD are based  on  the ab ility  o f  m o n o c lo n a l 
an tib o d ie s  to n eu tra lize  the effect o f im m u n e  m olecu les. 
In ílix im ab  (R em icade), a ch im eric  m o n o c lo n a l im m u- 
n o g lo b u lin  G I an tib o d y  th a t neu tra lizesT N F o t, has been 
ío u n d  to have efficacy for re írac to ry  or f istu liz ing  CD. 
A dditiona lly , a th e ra p y  based  o n  an tib o d ie s  to C D 4 is 
u n d e r  investigaũon . Speciíìc in h ib ito rs  o f in te rce llu la r 
ad h e sio n  m o lecu les have been  des ig n ed  to e lim inate  
m ucosal tissue dam age by red u c in g  leu k o cy te  inR ltra- 
tion . M ost recen tly , sy n th e tic  c o m p o u n d s  (C N I-1493) 
or sm all p ro te in  m o lecu les (g ran u lo cy te /m acro p h ag e  
co lo n y -stim u la tin g  íacto r, b ac te ria l/p e rm ea b ility -  
in c reasin g  p ro te in  rB P l2]) th a t are n o rm a lly  p ro d u ced  
by the im m u n e  system  have been  m a n u ía c tu re d  by re- 
c o m b in an t gene techno logy  an d  are u n d e rg o in g  clin ical 
trials. R ecom binan t an ti-in flam m ato ry  cy to k in es 1L-10 
an d  iL -1 1, as w ell as p ep tid e  g ro w th  íac to rs , are also in 
clin ical d ev e lo p m en t. D esp ite  som e p ro m is in g  restilts, 
the clin ical sign iíìcance of these new  m ed ia to r-ta rg e ted  
stra teg ies for IBD trea tm e n t is  still lim ite d  by the incon- 
ven ien ce  an d  h ig h  cost im p o sed  by the  in tra v en o u s  or 
su b c u ta n e o u s  ro u te s  o f d ru g  a d m in is tra tio n . P u tu re  àd- 
vances 111 the p h arm aco lo g ic  ap p ro a ch  tow ard  ĨBD 
an d  o p tim iz in g  the c lin ical m a n ag e m en t of patien ts 
w ith  ĨBD w ill lie  in  id e n tiíy in g  íac to rs  p red ic tive  of 
response .

T R E A T M E N T  O F D IAR RH EA

D iarrhea , the íre q u e n t passage of w aterỵ /sem ifo rm ed  
stoo l, is n o t o n ly  d is tre ssin g  b u t m ay be deb ilita ting  
o r even life -th rea ten ing . A cu te u n co m p lic a te d  d ia rrhea 
is o íte n  se lf-lim iting ; how ever, w h e n  d ia rrh ea  is 
ch ro n ic , i t  re p re se n ts  a m ajo r lie a lth  p ro b lem  and 
leads lo  s ig n iíìcan t d e h y d ra tio n  an d  e lec tro ly te  imbal- 
ances. D iarrhea  can  be caused  by  in íe c tio u s  organism s or 
m a lab so rp tio n  an d  can  also be d ru g -in d u c e d  by agents 
su ch  as te tracyc line , specific an tac id s, an tihypertensive



d ru g s  su ch  as rese rp in e  o r  g u a n e th id in e , an d  chem o- 
therapy . D iarrhea  is also  a p ro m in e n t sy m p to m  of 1BD. 
The m anagem en t and  p h arm aco log ica l th e rap y  of 
d ia rrh ea  d ep c n d  o n  its severity . A cute u n co m p lica ted  
d ia rrh ea  is often  trea ted  by O T C  m ed ica tio n s  su ch  
as lo p e ram id e  (Im o đ iu m ), a p c rip h e ra lly  ac tin g  op ia te  
ag en t th a t decreases m o tility  an d  lim its  ep ithelia l 
secretion . L operam ide  is efficacious and  free o f 
op ia te -like  an d  u n w an te d  Central n ervous system  side 
eííects. In p a tien ts  w ith  c h e m o th e ra p v -in d u ce d  d iar- 
rh ea , loperam ide  is m o d era te ly  effective b u t for ihose 
p a tie n ts  re ĩrac to ry  to lo p eram id e , ev idence suggests th a t 
ơ c treo tid e , a so m a to s ta tin  an a logue , m ay be h e lp íu l in  
p ro m o tin g  in te s tin a l ab so rp tio n  an d  re liev ing  d ia rrh ea . 
A co m m o n  H ealth p ro b lem  am o n g  trave lers to cievel- 
o p in g  co u n tries  is d ia rrh ea . T he p rim a ry  ob jective w iih  
p h a rm a co th e rap y  for tr a v e le rs  d ia rrh e a  is to red u c e  the 
sy m p to m s an d  th e ir  d u ra tio n  w ith  a c o m b in a tio n  of an 
an tim ic ro b ia l agent an d  lo p eram id e . F lu o ro q u in o lo n es  
are the  fưst d rugs o f cho ice  for m o d e ra te  to severe tra- 
v e le r’s d ia rrh ea ; how ever, w ith  the  em ergence o f resis- 
tance , especially  in  Cam pylobacler je ju n i en ten tis , o th e r  
ag e n ts  su ch  as a z ith ro m y c in  an d  riía x im in  are being  
investiga ted , F o r m o re  severe  íò rm s o f d ia rrh ea , su ch  
as th a t seen  w ith  ch o le ra  in íe c tio n , o ra l reh y d ra tio n  
th e rap y  can successfu lly  trea t th e  d ia rrh ea . F u tu re  ther- 
ap eu tic  ap p ro ach es  to p rev e n t ep isodes o f d ia rrh ea  m ay 
involve ihe use o f p reb io tic s  and  p ro b io tic s  lo en h an ce  
the  p resen ce  oí b iíid o b ac te ria  and  lactobacilli in the gu t 
to incrrease the  b o d y ’s n a tu ra l de íen se  aga inst invad ing  
path o g en s. H ow ever, íu tu re  s tu d ie s  are n eeded  to  de- 
te rm in e  th e  eííỉcacy an d  use fu ln ess  o f these types of 
ag en ts  for th e  tre a tm e n t o f  d ia rrh ea .

T R E A T M E N T  O F C O N S T IP A T IO N

C o n s tip a tio n  is one o f the m o st c o m m o n  m ed ica l com - 
p la in ts  in  W e ste rn  c o u n trie s  an d  is d e íìn ed  as d iííìcu lty  
in  passing  o r  s tra in in g  to  pass stoo l, w ith  less than  th ree 
b o w el m ov em en ts  p e r  w eek. C o n s tip a tio n  o íten  resu lts  
from  d iso rd ere d  m o tilily , lead ing  to a delay  in  in testina l 
p ro p u ls io n  an d  slow  tran sit. O th e r  p a tien ts  w ith  con- 
s tip a tio n  have a d iso rd e r  in d efeca tio n  w ith  n o rm al 
c o lo n ic  tran sit; how ever, in the  m ajo rity  of cases, con- 
s tip a tio n  re su lts  from  a d ie t low  in  íìber. C o n s tip a tio n  
can  also re su lt from  d iab etes , p reg n an cy , an d  s tru c tu ra l 
d iseases o f th e  co lo n  an d  rec tu m . C o n s tip a tio n  is a very 
c o m m o n  p ro b lem  affecting  th e  e ld e rly  a n d  o ften  resu lts  
from  p o ly p h a rm acy  since  m an y  d ru g s used  by the el- 
d e rly  are k n o w n  to be assoc ia ted  w lth  co n stip a tio n . 
U sually  p a tien ts  w ith  co n s tip a tio n  have m ild  to m oder- 
ate sy m p to m s and  can  be trea ted  w ith  in c reased  ílu id  
an d  fiber in ta k e  ac co m p an ie d  by reg u la r exercise.

Laxatives are co m m o n ly  u sed  to  trea t co n s tip a tio n  
an d  m o st are  availab le  O TC . Laxatives ex ert th e ir  eíTects 
by  in c re as in g  stoo l íreq u en cy  and  stoo l w eight. T hev  are 
d iv ided  in to  (1 ) d ie tarv  fìber an d  b u lk - ío rm in g  laxa- 
tives, (2) sa line and  o sm otic  laxatives, an d  (3) s tim u la n t 
laxatives. T he d ie ta ry  íìber and  b u lk -fo rm in g  laxatives, 
su c h  as b ran , psy llium , an d  m ethy lce llu ỉo se , inc rease  
the  w a te r  c o n te n t an d  m ass o f the  stoo ls, th e reb y  stim - 
u la tin g  in te s tin a l p e ris ta ls is  an d  d ecreas in g  co lon ic  
tra n s it tim e. Saline and  o sm o tic  laxatives cause the  re- 
te n tio n  o f w a te r w ith in  the GI trac t because  thev  are 
poo rly  abso rbed . E xam ples in c lu d e  m agnesium  salts, 
w h ich  are charged  an d  th u s  do n o t read ily  cross cell 
m em b ran es  an d  so rem a in  in  the lu m e n  o f the  GI tract. 
M agnesium  salts have a rap id  o n se t o f ac tio n  an d  are 
used  for c leansing  the  bow el p r io r  to rad io log ica l pro- 
cedu res . N o n abso rbab le  sugars, su c h  as lac tu lo se , are 
also exam ples of o sm o tic  laxatives, as are so rb ito l, glyc- 
e rin , an d  po ly e th y len e  g lyco l-based  so lu tio n s. S tim u- 
lan t laxatives, su ch  as b isacody l, senna , cascara, casto r 
oil, an d  colace, in c rease  co lo n ic  peris ta ls is  an d  act as 
pow erfu l ca tha rtics . T ak en  to g e th er, how ever, there  is a 
lack  o f p u b lish ed  ev idence for the lo n g -te rm  effective- 
ness o f laxatives for th e  trea tm e n t o f co n s tip a tio n . P ro- 
b io tics have b ee n  suggested  to  im prove m o tility  and  
reduce  fecal enzym e activ ity  in  p a tien ts  w ith  constipa - 
tion . H ow ever, large ca re íu lly  c o n tro lled  clin ical trials 
are needecl to d e te rm in e  the  u se íu ln e ss  of p ro b io tic  
th e ra p eu tic  ap p ro a ch es  for re liev ing  co n s tip a tio n .

TH ER A PIES FO R  IRRITABLE  
B O W E L  SY N D R O M E

lr r i ta b le  bow el sy n d ro m e (IBS) is a d iso rd e r  o f th e  GI 
trac t th a t o íten  beg in s in  early  a d u lt life an d  m ay affect 
u p  to 1 5 —20%  of the  p o p u la tio n ; th u s, it is associa ted  
w ith  m a jo r  h ea ìth  an d  eco n o m ic  etíects. C u rren tly , IBS 
is ch a rac te rized  accorcling to sy m p to m s o f ab d o m in a l 
p a in  and  d isc o m ío rt assoc ia ted  w ith  a lte red  bow el func- 
tio n  o c c u rrin g  in  th e  absence o f s tru c tu ra l and  b iochem - 
ical ab n o rm alilies . T he p a th o p h y sio lo g y  o f IBS is d u e  at 
least in  p a rt to h e ig h ten e d  visceral sensitiv ity , a lte red  
in te stin a l m o iilitv , and  psvchosocia l íac to rs, w h ich  
likely  are m ed ia ted  vía a lte ra tio n s  in  the  b id irec tio n a l 
cross ta lk  be tw een  the  n eu ro n a l n e tw o rk s  in  the 
b ra in  (cen tra l n e rv o u s  system ) an d  the  gu t (en te ric  
n e rv o u s  system ). B ecause íu n c tio n a l bow el d iso rd ers  
are  m u ltiía ce ted , d ru g  tre a tm e n t o f p a tien ts  w ith  IBS 
is co m p lex ; how ever, th e  m an ag em en t o f IBS in 
N o rth  A m erica w as recen tly  rev iew ed  by  the  A m erican  
C ollege o f G astro en te ro lo g y  F u n c tio n a l G astro in testi- 
nal D iso rders  T ask  F orce and  ev idence-based  recom - 
m e n d a tio n s  w ere m ade.



T rad itio n a l IBS th e rap eu tic  ap p ro ach es  have in- 
c luded  the use o f an tispasm od ic  agents, su c h  as hyoscy- 
am ine and  d icyclom ine, w h ich  are th o u g h t to  red u ce  
h ig h -am p litu d e  co n trac tio n s  in  the  GI tract. A n ticho - 
linerg ic side effects, su c h  as d ry  m o u th , b lu r r e d  V ision, 
a n d c o n s tip a tio n , lim it th e iru se íu ln ess . M oreover, th e re  
are insuffìcien t data  from  clin ical trials to d e te rm in e  the 
effectiveness of an tispasm od ic  agents in  p a tie n ts  w ith  
IBS. A n tid ia rrhea l agents, su ch  as lo p eram id e , h ave been  
sh o w n  to decrease stoo l ĩreqưency  an d  im p ro v e  stoo ỉ 
consistency  ÌĨ1 IBS p a tien ts ; how ever, th e re  is n o  d em o n - 
s trab le  effect o f lo p eram id e  o n  the relief o f ab d o m in a l 
p a in  and  b loating . Laxatives, such  as fiber, are  effective 
a t reliev ing  co n s tip a tio n  b u t there  is no d em o n s trab le  
effeci o f b u lk in g  agents on  the relief o f a b d o m in a l p a in  
a n d  b lo aũ n g  in  IBS. T here is a lim ited  a m o u n t o f data  
suggesting  th a t an tid ep ressan t therapy  m ay  p ro v id e  
pa in  re lief in  IBS patien ts . H ow ever, tricylic an tid ep res -  
san ts, su ch  as am itrip ty line , desip ram ine , tr im ip ra m in e , 
an d  do x ep in , have n o t been  sh o w n  to be m o re  effective 
th an  p lacebo in  clin ical trials. T he e ííec tiveness o f se- 
ro to n in  reu p tak e  in h ib ito rs  for the trea tm e n t o f IBS has 
n o t been  careíu lly  d o cu m en ted , th o u g h  p re lim in a ry  ev- 
idence is p rom ising.

R ecent advances in the  u n d e rs ta n d in g  o f  g u t phys- 
io logy have led to the im ro d u c tio n  of tw o novel p h ar- 
m acological ap p ro ach es for the  trea tm en t o f IBS, b o th  
ta rge ted  tow ard  speciíic rec ep to r system s, w h ic h  are 
likely lo  im prove ihe trea tm en t of p a tien ts  w ith  IBS. 
T he 5 -hy d ro x y try p tam in e  type 3 (5 -H T 3) re c e p to r  an- 
tagon ist a lo se tron  (L o tronex) has been sh o w n  to red u ce  
the sym ptom s of IBS in  fem ale patien ts  w ith  d ia rrh ea . 
A lose tron  has received  F ood  an d  D rug  A d m in is tra tio n  
(FDA) approval for the  trea tm e n t o f w om en  w ith  severe 
d ia rrh ea -p red o m in an t IBS w ho have failed to  re sp o n đ  to 
conven tiona l IBS therapy . T h is cau tio u s ap p ro a ch  by the 
FDA is based on in c id en ts  o f ischem ic co litis  th a t have 
b een  iden tifìed  in  pa tien ts  tak ing  a losetron . T he effìcacy 
o f a lo se tro n  is th o u g h t to resu lt from  a deỉay  in  co lon ic  
tran sit and  a decrease in  abdom inal d isc o m ío rt d u r in g  
co lonic d istension . T he m echan ism (s) u n d e rly in g  the 
effect o f a lo ste ro n  rem ains incom ple te ly  u n d e rs to o d ; 
how ever, evidence suggests tha t 5 -H T3 re c e p to rs  are 
p resen t on  afferen t nerves. T hus, a re d u c tio n  in  
sym ptom s m ay occu r th ro u g h  a decrease in  the  ac ti v i ty 
o f Central au to n o m ic  netw orks. A n o th er rec en t 
therapy  designed  to trea t IBS is tegaserod (Z e ln o rm ), a 
5-hydroxytr)^ptam ine type 4 (5 -H T4) re c e p to r  p a rtia l 
agơnist, w h ich  possesses p rom otility  effecls th ro u g h  
the s lim u la tio n  of in testina l an d  co lon ic tran s it. In  p re- 
clin ical stuclies, tegaserod  reduced  afferent íìring  ra tes 
in  cats an d  in h ib ited  v isceral sensitiv ity  in  ro d en ts . 
T egaserod recen tly  received  FDA ap p ro v a l for the

sh o r t- te rm  tre a tra e n t o f w o m en  w ith  IBS w ho  have co n - 
s tip a tio n . In  c lin ica l tria ls , tegaserod  w as m ore effective 
th a n  p lacebo  a t re liev in g  g iobal IBS sy m p to m s in  íem ale  
p a tie n ts  w ith  c o n s tip a tio n . T egaserod  also  s ig n iíìcan tly  
im p ro v e d  a b d o m in a l d isc o m ío rt, b lo a tin g , an d  consti- 
p a tio n . U n lik e  c isap rid e , card iac  re p o la riz a tio n  is unaf- 
íec ted  by  teg ase ro d  an d  th u s  is n o t asso c ia ted  w ith  
p o te n tia l life -th rea te n in g  card iac  a rrh y th m ia s .

T o  im p ro v e  p h arm aco lo g ica l tre a tm e n t o f p a tien ts  
w ith  IBS, a s tro n g  sc ien tiíìc  ra tio n a le  ex is ts  LO exam ine  
the  effec tiveness o f  o th e r  ag en ts  ta rg e ted  to w ard  specific 
n e u ro tra n s m itte r  sy stem s invo lved  in  th e  b ra in —gut 
axis. N ew er g en e ra tio n  a n tich o lin e rg ic s  th a t se lectively  
antagonize the m uscarin ic M3 receptor, as w ell as selec- 
tive a n tag o n is ts  o f n e u ro k in in  rec ep to rs  (N K i, N K 2, and 
N K 3), c o rtic o ư o p in -re le a s in g  fac to r re c e p to r  type 1, 
so m a to s ta tin , an d  ch o lec y sto k in in  re c e p to r , m ay  red u ce  
the  sy m p to m s o f  IBS. F inally , as k n o w led g e  o f  the  ro lc  of 
in te s tin a l m ic ro íio ra  g row s, íu tu re  a p p ro a c h e s  for the 
tre a tm e n t of IBS to  re d ụ c e  p a in  an d  ab dom ina) b loa ting  
m ay in c lu d e  d ie ta ry  su p p le m e n ta tio n  w ith  prebioti.cs 
o r p ro b io tic  b ac te ria  to en h a n ce  the  levels o f speciíìc, 
bene íìc ia l in te s tin a l bac te ria , su c h  as Lactobaciỉỉus 
plantarium  299  a n d  casei GG  o r Biýìdobacterium in/antis. 
Hovvever, to  d a te , th e  ev idence in  s u p p o r t o í p ro b io tic  
b ac te ria  for th e  tre a tm e n t o f IBS rem a in s  con trovers ia l 
an d  re q u ire s  íu r th e r  investiga tion .

F IN A L  C O M M E N T S

S u b stan tia l p ro g re ss  has b een  m ad e  in  u n d e rs ta n d in g  
the  effective p h arm a co ỉo g ica l ap p ro a c h e s  to the  treat- 
m en t o f G I d iso rd ers . F u tu re  re se a rc h  needs to  be 
d ire c te d  a t b e tte r  d e íìn in g  GI ph y sio lo g y  an d  patho- 
ph y sio lo g y  so  th a t c u r re n t tre a tm e n t a p p ro a ch es  can 
be m o d iiìed  an d  new  th e rap ies  th a t possess enhanced  
efficacy a n d  few er side  effects can  be developed .
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Physiologic Ileus
JACKIE D . W O O D

The Ohỉo State ưniversity College of Medicine and Public Health

in tcrd igestive  State P hysiologic co n d itio n s in  the d igestive  
tract in  the tim e betw een  co m p letỉo n  o f  d igestion  and  
absorption o í  a m eal and the in g cstio n  o f  the next m eal. 

m igrating m o to r  co m p lex  A sp ecific  pattern o f  sm all 
in iẽstin a l m otiỉity  that beg ins w h en  d ig es lio n  o í  a m eal 
is co m p lete  and en d s w ith intake o f  the n ext m eal. A lso  
called in terd igestive  m otility. 

paralytic ileu s /a d y n a m ic  ileu s A c o n d itio n  in w h ich  the  
prolonged  absen ce o f  ỉn testinal m otility  is  path olog ic .

Physiologic ileus is the term used to describe the normal 
absence o f m otility along a length of intestine. It reílects 
the operation o í one o f the neural programs in the spec- 
trum of programs present in the enteric nervous system . 
Physiologic ileus is a íundamental behavioral State of 
the intestine ìn  which quiescence o f m otor ĩunction is 
neurally programmed. For exam ple, in the interdigestive 
State, the m u scu la tu re  o f the sm all in te s tin e  is qu iescen t 
except in a lim ited region where the activity front C)f the 
migrating m otor com plex is present.

N E U R A L  M E C H A N I S M

T he S t a te  o f  p h y sio lo g ic  ileu s  d isa p p e a rs  fo llow ing  ab- 
la tio n  o f  th e  e n te r ic  n e rv o u s  system . In  s itu a tio n s  in  
w h ich  e n te r ic  n e u ra l íu n c tio n s  a re  b lo ck ed  by  a n e s th e t-  
ics o r in  p a tie n ts  in  w h ich  p a th o lo g ic a l ĩac to rs  have

d es tro y e d  the  en te ric  n e rv o u s system , co n trac tile  behav- 
io r th a t  is d iso rg an ized  and  n o n p ro p u ls iv e  occu rs con- 
tin u o u s ly .

P hysio ỉog ic  ileus req u ires  the c o n tin u o u s  activ ity  of 
su b p o p u la tio n s  o f in h ỉb ito ry  m o to r  n c u ro n s  tha t are 
p re se n t in  th e  en teric  n e rv o u s  system . O ngoing  dis- 
ch arg e  o f  im p u lse s  by these n e u ro n s  releases in h ib ito ry  
n e u ro tra n s m itte rs  a t n eu ro m u sc u la r  ju n c tio n s  an d  th is 
m aintains a State o f inhibition in  the m uscles, w hich  are 
au to g en ica lly  ac tive  in  the  absence o f n eu ra l in h ib itio n . 
In th e  ab sen ce  o f  o n go ing  n eu ra l in h ib itio n , m yogenic 
p ac em ak e rs  (i.e ., e lectrical slow  w aves) evoke con trac- 
tio n s w ith  each  slow  cycle and  th is resu lts  in  c o n tin u o u s  
an d  u n c o n tro l le d  con trac tions. P hysiologic ileus re íe rs 
to the norm al State o f m otor quiescence, whereas the 
te rm s p ara ly tic  iìeus and  adynam ic ileus re íe r to  cond i- 
tions in  w h ic h  th e  p ro lo n g ed  absence o f in te stin a l rao- 
tility  is p a th o lo g ica l. P atho log ical ileus is w ell k n o w n  as 
a co n se q u e n c e  o f  m a n ip u la tio n  o f the bow el and  irrita- 
tio n  o f  th e  p e rito n e a l m em branes d u r in g  abdom inal 
su rgery .

S e e  A ls o  th e  F o l lo w in g  A r t ic le s

Basic E lectricai R hythm  •  Enteric N ervous System  •  Migrat- 
ing  M otor C o m p lex  •  T oxic  M egacolon
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Pica
E d w a r d  A . R o s e  a n d  A n n e  V i c t o r i a  N e a l e  

W a y n c  S ta te  U n ivcrs itỵ , D c tro it

geophagia C lay  eatin g . 
pagophagia Ice eatin g .
pica P ersisten t ea tin g  o f  n o n n u tr it iv e  su b sta n ces  for a p er io d  

o f  a l least 1  m o n th , w ilh o u t  an a ss o đ a te đ  a v ers io n  to  
food .

P ica, th e  p e r s is te n t  ea tin g  o f  n o n n u tr itiv e  su b s ta n c e s ,  
w ith o u t an  a s s o c ia te d  fo o d  a v e rs io n , o c cu rs  in  p e o p lc  
o f  a ll a g es an d  b o th  s e x e s ,  p a rticu la r ly  in  y o u n g  cb ild ren  
and p reg n a n t w o m e n . T h e  term  “p ic a ” C om cs from  the  
L atin  \v ord  m e a n in g  m a g p ie , p resu m a b ly  n a m e d  after  
th is  b ir d ’s p e c u lia r  e a tin g  b e h a v io r s  in v o lv in g  an in d is -  
cr im in a te  p re feren ce  for  b o th  fo o d s  and n o n fo o d s . T he  
c a u se s  o f  p ica  are u n c e r ta in , th u s  trea tm en t is  d ifficu lt. 
A lth o u g h  p ica  is  n o t a lw a y s d a n g er o u s , th e  u n d e r ly in g  
p o s s ib le  e t io lo g ie s  sh o u ld  b e  a s s c s se d .

H I S T O R Y

T he D iagnostic  an d  S tatistical M anual of M ental Dis- 
o rd ers  (DSM-1V) defìnes pica as the p ersis ten t ea ting  
of n o n n u tr itiv e  su b stan ces íor a period  of at least 
1 m o n th , vvithout an  associa ted  aversion  to food. T he 
heh av io r m u st be d ev e lo p m en ta llv  in a p p ro p ria te  and  
n o t p a rt o f a cu ltu ra lly  san c tio n ed  p rac tice , an d  severe 
en o u g h  to w arran t c lin ical a tten tio n . Som e clin ic ians 
argue tha t a d iagnosis  o f pica can in c lu d e  the com - 
pu lsive  c o n su m p tio n  of ce rta in  foods, b lu rr in g  the 
d is tin c tio n  betvveen pica an d  food cravings. Pica is 
m ost frequen tlv  re p o rte d  in p reg n a n t w om en , p a tien ts  
o f low er soc ioeconom ic  sta tus, and  ch ild ren . [t is also

fo u n d  in  som e cases o f iro n -de lĩc iency  anem ia as well 
as in  defic iencies of o th e r  n u tr ie n ts , such  as zinc. In 
som e cu ltu res , pica is co n s id ered  th e rap eu tic  an d  is 
used  in  trea ú n g  m alad ies su c h  as anem ia and anxiety . 
In te res tin g lv , the range of re p o rie d  item s of consum p- 
tio n  has n o t changed  m u c h  d u rin g  the past four cen- 
tu ries. Pica o f d ir t an d  t la y  w as k n o w n  10 the G reeks 
an d  the R om ans an d  w as rec o rd e d  in  a th ir te en th  
ce n tu ry  La tin  w ork . Pica w as íìrst add ressed  in a m ed- 
ical b o o k  in  1563, in  w h ich  geophag ia  w as described  
in p re g n a n t w om en  an d  in  ch ild ren .

E V A L U A T I O N

T he cause  o f p ica beh av io r has e lu d ed  researchers  for 
c en tu ries . R esearchers have d escribed  several theore ti- 
cal ap p ro a ch es  tha t a ttem p t to ex p la in  the etiologv 
from  n u tr itio n a l, sensory , physio log ic , neuropsych iat- 
ric , c u ltu ra l, or p sychosocia l perspectives. T here have 
b een  few ep idem io log ic  s tu d ies  d e ta ilin g  the prevalence 
of p ica. E stim ates have v aried  w idelv w ith in  a p articu la r 
p o p u la tio n , d e p e n d in g  on the  c rite ria  used. S tudies of 
p reg n a n t, o th e n v ise  h ea lth y  w o m en  have found  pica 
in  ap p ro x im a te lv  8% of re sp o n d e n ts . M any of these 
p a ticn ts  h ad  lovv se ru m  íe rr itin  levels, suggesting  a 
lin k  b e tw e en  p ica an d  iron  deíìciency.

In the absence of co m p lica tio n s thai m ight signal 
ab n o rm a l ea ting  p a tte rn s , d iagnosis dep en d s on  self- 
rep o rtin g . P a tien ts  arc likelv  to  u n d e rre p o rt pica behav- 
ior because  of em b arra ssm en t or because they are not 
aw arc th a t such  behav io r m ig h t be w o rth  reporting .

ì



Clinical su sp ic io n  is th e re ío re  req u ired  to d iagnosc  p ica 
in the am b u la to ry  se ttin g . Iro n  o r zinc n u tr ie n t cleíicien- 
cies m ay be suggestive; likew ise , lead  o r  m crcu ry  
po iso n in g  m ay lead  to the  d iagnosis  o f pica. G astro in - 
lestinal co m p lic a tio n s  su c h  as b ezo ars  o r  o b s tru c tio n s  
m ay also suggest p ìca.

T R E A T M E N T

G iven th e  d ifficu lty  in h e re n t in d iag n o sin g  p ica  an d  the 
m u ltitu d e  o f p ossib le  etio log ies, tre a tm e n t is difficult. 
M any s tu d ie s  have d esc rib ed  d im in ish e d  pica b eh av io r 
in  p a tien ts  fo llow ing  iro n  o r zinc re p la c e m e n t to trea t 
ỉow  iro n  o r  z inc  lcvels, a lth o u g h  the em p iric  ev idence 
im p lica ting  z inc  cleíìciẹncy in  p ica is less co n v in c in g  
than  is the ev idence  for iron . In  any  case, if iro n  deíì- 
c iency leads to p ica, then  p ica b eh av io r sh o u ld  cease 
once iro n  is rep laced . C essa tỉọn  o f p ica  b eh av io r w ith  
iron  rep la ce m en t m ay n o t h ap p e n , hovvever, suggesting  
tha t c o n tin u e d  p ica  b eh a v io r  m ay co n s titu te  an  add ic- 
tion  o r a le a rn ed  p a tte ra  o f behav io r.

N ot all fo rm s o f p ica are  d an g e ro u s, an d  som e cases 
m igh t n o t re q u ire  in te rv en tio n . Hovvever, p h y sic ian s 
m ust be p rc p a re d  for cases o f  p ica in th e ir  daily  p rac tice . 
E d u ca tio n  a b o u t n u tr itio n , a lo n g  w ith  iron  th e rap y  01* 
transíusions., m ỉg h t be th e  íirst vvave o f  in te rv en tio n . 
Psychological co u n se lin g  o r b ch a v io r  ther-apy can  also 
be use íu l acljuncts. R ecently , ih e re  h as  been  som e evi- 
cỉence th a t p ica is a  p a r t o f the o bsessive—co m p u lsiv e  
d iso rd e r  (O C D ) sp e c tru m  o f d iseases. In  su p p o rt o í th i s  
theo ry , se lec tive  s e ro to n in  reu p ta k e  in h ib ito rs  (SSRIs) 
have sh o w n  som e p ro m ise . Severe o r  reca lc itran t cases 
cou ld  re q u ire  re íe rra l to a m en ta l h e a lth  specia list.

Review  of the lite ra tu re  on p ica  co n íỉrm s ju s t how  
little  is k n o w n  a b o u t th is  c o m m o n  b u t co m m o n ly

m issed  co n d itio n . Its cause  is re la ted  to m any íacto rs, 
an d  th e re  are q u es tio n s  a b o u t w h e th e r  p ica is a cause  of 
o r  an  effect o f m e tab o lic  o r  behav io ra l sta tes. A ccurate 
d iag n o sis  is h in d e re d  by th e  need  for se lf-rep o rtin g  on 
the p a rt of the p a ticn t an d  b y  a low  in d ex  of su sp ic io n  on 
the p a rt o f the c lin ic ian . N o speciíìc  sc reen in g  tests for 
p ica ex ist, b u t an accu ra te  an d  tim ely  d iagnosis  can  help  
to avoicl som e o f th e  raan v  n u tr itio n a l, g as tro in tes tin a l, 
an d  psvcho log ical co m p lica tio n s. P inally , w hcn  p ica is 
d iag n o sed , th e re  are no  p ro v en  trea tm en ts . A lthough  
se leclivc se ro to n in  reu p ta k e  in h ib ito rs  can  be help fu l 
in  som e cases, cliagnosis an d  trea tm e n t m u st be ind iv id - 
ualized , an d  the p rac tic in g  ph y sic ian  w ill m ost likely  
n ee d  to re ỉv  on  h e lp  fro m  m e n ta l h e a lth  p ro ícss ionals.
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Picture Archiving and Communication
Systems (PACS)
M a r c J. G ollub

Memoriaì Sloan-Kettering Cancer Center, New York

analog imaging system  Plain radiograph (e.g., chest X ray, 
inam m ogram ) scan devices; im ages are not obtained  
using digital Computer technology. 

archive Storage of data.
bit Binary Iinit; sm allest unit o f  in íorm ation  used by a 

Computer; 8 b its equals 1 byte. 
coinputed  radiography System  using com puters to capture 

and digitizc an image rather than prìnt it on  íĩlm. 
digital đ isp lay  protoco l Preselected m ethod  o f clisplaying a 

patient’s new  and old radiographic im ages. 
digital ílu oroscop y  Capturing and transm itting íìuoroscopy  

in ío r m a tio n  to a C om puter rather than  in te n s iíy in g  it and  

using it to expose film. 
digital im ages Binary-coded representations thai can be 

in te rp re te d  by a C om puter and d isp la y ed  o n  a m o n ito r . 
ergonom ics D esign of environm ent or equipm cni related to 

natural body position  and physical com íort. 
fỉlm digitizcr  M achine contain ing a laser that converts  

analog inform ation on  conventional film into digital 
đ a ia , whi'ch can  he s io r ed  in  a C om puter and d isp la y ed  
on  a m onilor. 

film  íile room  Place w here X rays are stored. 
film screen Combination of silver-coáted photographic íìlm 

layers, sensitive to X rays only, en closed  in  a ligh t-prooí  
cassette.

g ig a b y te  O ne b il ì io n  (1  X 10ọ) b ytes.
graphicaì u ser  in tcríace Setup that allovvs hum ans to 

interíace w ith  software, u sing w ords, pictures, and 
C om puter to o ls  (key b o a rd  an d  m o u se );  a w o rk sta tio n  
m onitor, for exam ple, on w hich  tw o-d im ensional and 
three-dim ensional im ages are m anípulated. 

hardware com p on en ts C om puters, m onitors, printers, and 
any other peripheral com puter-conn ected  devices. 

h osp ita l in ỉbrm ation  sy stem  C om puterized sysiem  contain- 
ing  patient meclical and personal identity  iníorm ation. 

imaging device Machinery that scans and captures body 
images (as in Computer tomography, magnetic resonance 
im aging, racliographv, ancl íluoroscopy). 

image fusion Digital overlap of da ta from diííerent lypes of 
images.

image noise Iníormation ihal interícres vvith interpretation 
of uũ lizable data. 

im agỉng plate System  analogous to silver nitrate film, but 
using phosphorescent. tech nology  to capture im agcs 
digitally, rather than converting silver 10 íorm an image.

im age reso lu tio n  Degree to w h ich  very sm all objects loca ted  
in  close  proxim ity  can be d istin gu ished  in  an im age. 

lo ss le ss  com p ress io n  M ethod to com press digital data  
vvithout lo sin g  critical in íorm ation. 

lossy com pression Method to compress V o lu m in o u s  data 
w ith som e loss o f inform ation. 

netvvork Interconnected  Computer system s (ỉor exam ple, in  a 
hospital or com m unity  heaith care system ). 

open architecture Network design tbat allows intercon- 
neciecl com ponents 10 com m u nicate  u sin g  ihe sa m e  
standards and language, 

o p e r a tin g  sy s te m  P rogram s (so ftw a r e ) th a t đ e te r m in e  th e  
íunctions and abilities of a Computer; disk operating 
syslem  (DO S) (exam p les inclu de W in d o w s 95  and A pple  
DOS), 

p ix e l Picture elem en i.
P r o c e ss in g  sp e e d  T im e  it takes a C o m p u te r to  accomplish a 

gi ven task.
radiology iníbrm ation system Com puterized system used for 

schedu lin g  and storing pertinent patient data. 
region o f in terest Area indicated hy a circle  or square on  a 

cross-seetional im age in vvhich the Computer is pro- 
gram m ed to d isp lay a reading ihat m ay ind icate a solicl or 
ílu id com ponent. 

storage archiving un its Disks that are recorded and read 
using laser ỉight (exam ples inclu de read-only  m em ory  
com pact and digital \4deo ciisks). 

telecommunications Transmission of sounds, images, and 
digỉtal data using electrical and Computer technology. 

three-dimensional com puted tom ography angiography 
T hrce-d im ensional reconslruction  o f b lood  vessels, 
extracting background clata from  con ven tion a l com puted  
lom ography im ages to allovv im ages to appear as if  they  
were sim ply an angiogram . 

three-d im ension al rendering C om puter reconstruction  of  
tw o-d im ensional data to appear as though  three- 
dim ensional.

Virtual colonoscopv Three-dimensional images of the colon, 
sim ulating  an endoscop ic  v ie\v , created usin g  iníorraa- 
t io n  obtained íro m  a C om puter to m o g r a p h v  scan .

A pic tu re archiving and com m unication  system  is a 
ne tw ork  o f com puters and im aging devices, databases, 
storage devices, and display m on ito rs, all o f vvhich com- 
m unicate w ith  one ano ther th ro u g h o u t a hosp ita l, hcalth



netw ork , or com m un ity  to sto re , transm it, and  dispỉay 
digital im ages and  p a tien t in form ation in a rap id  and con- 
ven ien t inanner. The system  elim inates conventional 
hardcopy  íilm  and  replaces the conventional íỉlm  file 
room  and  associa ted  personnel, avoiding the inadverten l 
dup lìcation  and  loss o f in ío rm ation  associated  w ith  an 
analog im aging sy stem . A íully  ne tw orked  hosp ital- 
w ide system  fac ilita tes s im u ltaneous image view ing and 
consu lta tion  o f rad iograph ic  stud ies  by, for exam ple, a 
su rgeon  in  the o p era tin g  room , a rad io log ist in  the reading 
room , and  an oncologist in the clinic. The system  incor- 
p o ra tes  the h o sp ita l in ío rm atio n  system  and radiology 
in íb rm ation  sy s tem  for seam less data transm ission , 
b illing, and p a tie n t scheduling.

BRIEF H IST O R Y

G reat te ch n o lo g ica l advances in  the p as t c e n tu ry  th a t 
se t th e  stagc fo r th e  c re a tio n  o f p ic tu re  a rch iv in g  and  
e o m m u n ic a tio n  sy stem  (PACS) have in c lu d ed  th e  de- 
ve lo p m en t o f d ig ita l íìuo ro sco p y , d ig ital im age system s, 
co m p u te d  rad io g ra p h y , h ig h -re so lu tio n  (2048  X 2048 
p ix e ls  X 12 b its )  l iq u id  crysta l d isp lay  íla t-screen  m on- 
ito rs , p e rso n a l c o m p u te rs  w ith  h ig h -cap ac ity  m em ory , 
se lf-c o n ta in e d  u n its  u s in g d ry  fìlm an d  laser techno logy , 
and  g ig ab y te-sp eed  E th e rn e t w ide area n e tw o rk s  has 
en ab led  sy stem a tic  linkages o f p ic tu re  arch ives and  
c o m m u n ic a tio n .

Dr. Paul C a p p  in tro d u c e d  the co n cep t o f d ig ital ra- 
d io logy  in  th e  ea rly  1970s. S oon a lìe r , the in v e n tio n  o f 
c o m p u te d  to m o g ra p h y  (C T ) by G o d írey  H o u n sfie ld  re- 
p re se n te d  a la n d m a rk  advance in  im ag ing  Science. CT 
in tro d u c e d  c ro ss-se c tio n a l im aging, b u t also đ em on- 
s tra te d  the va lue  o f co m p u te rs  in  im age p ro d u c tio n . 
P lain  ra d io g ra p h y  (film  sc reen ) and  its associa ted  sh o rt-  
co m in g s, in c lu d in g  in a b ility  to  change the im age once 
th e  film  is ex p o se d , in a b ility  to  view  th e  íilm  a t m u ltip le  
ỉo ca tio n s, a n d  ineíT iciency o f m a n u a l íìling  a n d  re trieval 
o f film s, are w e ll-k n o w n  to rad io log ists . T he develop- 
m e n t o f im ag in g  p la te  (1P) system s (based  o n  p h o to -  
s tim u la b le  p h o s p h o r  tech n o lo g y ) in  the late 1970s and 
early  1980s a llo w e d  for rep la ce m en t o f íìlm -screen  
im ag in g  and  c re a tio n  o f c o m p u ted  rad io g rap h y  (CR) 
in  1987. C o n c u rre n t  w ith  these  advances, C om puter 
tech n o lo g y  ev o lv ed  ra p id ly , w ith  increases in  P ro c e s 
s in g  s p e e d , m o r e  p o w e r fu l  o p e ra t in g  sy s te m s  a n d  g ra p h -  
ical us.er in te rfa ce s , in c reased  sto rage capacity , and  
decreasecl cost. F in a lly , the d e v e lo p m e n t o f the íìrst 
film  d ig itize r a n d  la rge-capacity  o p tica l sto rag e  d isk  
by K odak  íu r th e r  p ro v id e d  essen tia l c o m p o n en ts  for 
PACS d e v e lo p m e n t. E ven tually , s to rage dev ices, essen- 
tia lly  re d u n d a n t a rray s  o f inexpensive  d isks (RAIDs, see 
la te r) , w ere  c re a te d .

T he first in te rn a tio n a l co n íeren ce  and  w o rk sh o p  on 
PACS for m ed ica l ap p lica tio n s  to o k  p lace in Ja n u a ry  
1982, sp o n so red  b y  the In te rn a tio n a l Society o f O p tica l 
E n g in eerin g  (SPIE). A t the tim e, how ever, m u ch  o f m ed- 
ical im ag ing  techno logy  had  yet to be developed . D u rin g  
the 1980s, E th e rn e t, a local area n e tw o rk  (LAN) C o m 

m u n i c a t i o n s  s y s t e m  v i a  c o a x i a i  c a b l e  r a d i o í r e q u e n c i e s ,  

becam e a te lec o m m u n ica tio n s  S tandard , w ith  data  
tran sm issio n  ra tes qu ick ly  m a tu rin g  from  1 m egabyte 
p e r  second  to the cu rre n t 100 m egabytes p e r se co n d  
(gigabyte E th e rn e t) . C o n c u rre n tly , d a ta  co m p ressio n  
w as c rea ted  as an  a lte rn a tiv e  w ay to  sp eed  n e tw o rk  de- 
livery. Lossless co m p re ss io n  ra te s  o f 3 :1  have evolved 
tow arđ  lossy c o m p re ss io n  tech n iq u es  p ro m is in g  rates 
on  the o rd e r  o f 20 :1  o r 30  :1 . T he A m erican  C ollege of 
R adiology and  N atio n al E lectrical M a n u fa c tu re r’s Asso- 
c ia tio n  (ACR-N EM A) g ro u p  p ro p o sed  s ta n d a rd s  for 
co m m u n ic a tio n  o f m ed ica l im ages over n e tw o rk s, 
w h ich  becam e official in  1985. T hese lim ited  s ta n d a rd s  
w ere revised  in th e  1990s in to  the D igital Im aging  and  
C o m m u n ic a tio n s  in  M edicine (D IC O M ) S tandard  to 
embrace iraditional Computer networks. The saga of 
PACS d ev e lo p m e n t c o n tin u es  as techno logy  im proves 
an d  various co m p an ie s  have b eg u n  to offer íìb e r-d is trib - 
utecl d a ta  in te ríaces  (FD D Is), T3 lines (ca rrv in g  ỉarge- 
bandw idth signals on  íìber-optic cable), and asynchro- 
n o u s transíer m odes (A TM s), an  in te m a tio n a l S tandard  
ad o p led  by the te lec o m m u n ica tio n s  in d u stiy , p ro m is- 
ing  m e m o ry -to -m e m o ry  tran s íe r  ra te s  o f 2.4 g igabytes 
p e r second .

G EN ER A L  PR IN C IPLE S

PACS consists  o f im age acq u is itio n  dev ices [e.g., com - 
p u te d  ra d io g rap h y /to m o g rap h y  and  m agnetic  reso- 
n ance  im ag ing  (M RI) sc an n e rs], sto rage a rch iv in g  
u n its  (e.g ., RAIDs, ọ p tical d isks, read -o n ly  m em ory  
d ig ital v ideo  d isk s), d isp lay  w o rk s ta tio n s , C om puter  
p ro cesso rs , an d  databases. A C o m m u n i c a t i o n s  n e tw o rk  
an d  a da tabase  m a n ag e m en t svstem  in teg ra te  these 
c o m p o n en ts . T he harclw are c o m p o n en ts  are in te g ra te d  
by  s ta n d a rd iz ed , ílex ib le so ftw are system s for Com m u
n ic a tio n s , c rro r  harid ling , database  an d  sto rage m anage- 
m en t, jo b  sch ed u lin g , in te rp ro c e sso r co m m u n ica tio n , 
an d  n e tw o rk  m o n ito rin g  (Fig. 1).

PACS m u st in c lu d e  system  s ta n d a rd iz a tio n , o p en  
a rc h ite c tu re , co n n ectiv ity , re liab ility , and  security . 
S ystem  s ta n d a rd s  m ig h t inclucle UN IX  an d  W in d o w s 
N T  o p e ra tin g  system s, tran sm iss io n  co n tro ỉ p ro to co l/ 
In te rn e t p ro to co l (T C P /IP ), D IC O M  c o m m u n ic a tio n  
p ro to co ls , s tru c tu re d  querv  language , ACR-NEM A 
an d  D IC O M  im age ío rm a ts , c an d  C+4- pro g ra m m in g  
languages, X W in d o w  user in te ríace , A m erican
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FIG U R E  1 An exaniple of a basic PACS coníìguration. H1S, 
Hospital iníormation system; RIS, radiology iníbrmation system; 
RAID, redundant array of inexpensỉve disks. ( ECR1 (2000). 
Reprintcd with permission írom Health Devices 2000 Nov; 
29(11): 387.

S tandard  C ode for ln fo rm a tio n  ln te rch an g e  (ASCII) 
lex t rep rese n ta tio n  for m essage passing , and  hea lth  
level-7 (H L-7) for h ea lth  care database  in ío rm a tio n  
exchange.

O p en  a rc h itec tu re  an d  co n n ec tiv itv  describc a 
system  in  w h ich  cọ m p o n en ts  th a t are to be co n n ec ted  
are able to “sp eak ” to  one a n o th e r  in  the sam e “language ,” 
so th a t they  are n o t iso lated . T hey  can also be sim ulta - 
neously  upg raded . Reliability ( ih u s  h igh “u p  tim e”) is 
critica l to p a tien t care. E x ten d ed  perio d s o f d ow n  tim e 
c a n n o t be to le ra ted . System s m ust use fau lt-to le ran t 
m easu res , in c lu d in g  e rro r  d e tec tio n  an d  logging  so ít- 
w are, ex tern a l au d itin g  p ro g ram s, an d  h ard w are  red u n - 
dancy . F inally , secu rity  is im p o rta n t in  the rea lm  of 
m edico legal an d  p a tien t co n íìd en tia litv  issues. V iola- 
tions can  in c lu d e  physical ín tru s io n  an d  m isuse  of 
priv ilege.

Im age co m p ressio n  is u sed  in PACS to decrease. da ta 
s to rage and  transfe r re q u irem en ts  an d  to inc rease  data 
tran s íe r speed. C om pression  can  involve e ith e r no loss of 
in fo rm aũ o n  (lossless) o r re d u c tio n  o f d ata w ith  preser- 
v a tio n  o f im p o rta n t in fo rm atio n  (lossy). T ypical accep t-

a b le d a ta c o m p re s s io n ra tio s u s e d to d a y a re 3  :1  u s in g th e  
Jo in t P h o to g rap h ic  E xperts  G ro u p  (JPE G ) file ío rm a t, 
w h ich  is D IC O M  com patib le . W avelet tra n s ío rm  can 
allow  h ig h e r rates o f co m p ressio n , b u t is n o t c u rre n tly  
D IC O M  com patib le . Im age co m p ressio n  has b eco m e a 
m o re  im p o rta n t issue w ith  the em ergence o f th in n e r  an d  
m ore v o lu m in o u s  m u ltislice  CT da ta sets. M egibow  et a i  
recen tly  evalua ted  the ab ility  to d iagnose ap p en d ic itis , 
d ep e n d in g  o n  the am o u n t o ĩlo s sy  w avele t co m p re ss io n  
tròm 8 : 1  t o 24: l.B e y o n d 8  : l,sen sitiv ityan d even tu a lly  
accu racy  (at 2 4 :1 )  decreased , sug g estin g  th a t íìn ite  
levels o f w avelet tran s ío rm  m ay be ap p lied  to  CT im ages 
vvithout co m p ro m is in g  d iagnostic  perform anc-e.

U sing  effective ne tw o rk in g , m any  co m p o n en ts  can 
be in te rco n n ec te d  in  PACS. T his capab ility  is a key 
íea tu re  o f PACS and  is íac ilita ted  by the  D IC O M  com - 
m u n ic a tio n  S t a n d a r d  deve loped  by ACR-NEM A to allow  
the sh a rin g  of in ío rm a tio n  using  p ro d u c ts  írom  d iffe ren t 
su p p lie rs . N etw orks vary acco rd in g  to da ta  tran sm issio n  
m eth o d s, a rc h itec tu re  o f the n e tw o rk  h ard w are , im age 
d is tr ib u lio n  m e th o d s, an d  im age id e n tiíìea tio n  an d  re- 
trieval m e th o d s. T ypical se tu p s  in c lu d e  (1) a regu lar 
E th e rn e t LAN betw een  the im age m o d a lity  device 
and  the im age acq u isitio n  gatew ay (low  speed; 10 m ega- 
b its/sec , because  the CT scan n e r is slow  to generate  
im ages), (2) an  E th e rn e t o r FDD1 (m ed iu m  speed; 
100 m egab its/sec) o r ATM (h igh  speed ; 1 55—622 m ega- 
b its /sec ) be tw een  the gatew ay an d  the PACS co n tro lle r, 
an d  (3 ) an  ATM o r FDDI betvveen the  PACS co n tro lle r  
and  the d isp lay  w o rk s ta tio n s , because c lin ic ian s m ust 
access im ages a t a rap id  rate .

Netvvork h ard w are  a rc h itec tu re  m ay be cen tra lized  
(a Central lo ca tio n  for all im ages, w ith  d ire c t h igh-speed  
lin k s  to any  vvorkstation at any  tim e), local (ta ilo red  to 
a speciíìc m odality , e.g., u ltra so u n d  m iniPA C S), o r dis- 
tr ib u te d  (in  w h ich  local m oda lity  a rch iv es— C T , MR1, 
and  u ltra so u n d  (ƯS)— are co n n e c ted  by a h igh-speed  
s ta n d a rd iz ed  n e tw o rk ). Each of these  n e tw o rk  organi- 
za tio n s  h as  advan tages and  disaclvaniages reg a rd in g  cost 
and  d em an d s o n  ihe server.

lm age d is trib u tio n  m e th o d s inclucle o n -d em a n d  and 
ro u ted  (cach ed ). A n o n -d em a n d  system  allow s a user to 
lo g  o n  an d  access any im age from  any w o rk s ta tio n  (usu- 
ally in  cen tra lized  system s). In  ro u te d  system s, stud ies 
are s to red  locally  at a w o rk s ta tio n  o r a t speciíiecl w ork- 
s ta tio n s , b u t n o t at all of them . An ex a m p le  o f a cen- 
tra ỉized , o n -d em a n d  type system  (Fig. 2) is the G eneral 
E lectric  P a th speed  PACS. Im ages are sen t frorn an  :m- 
a g i n g  m o d a l i t y  t o  a C e n tr a l  d a t a b a s e  s e r v e r  a n d  th e n  ĨO a 
C entra l arch ive (e.g., a RAID) for sh o rt- te rm  m em ory 
(im ages are  typically  co p ied  from  the RAID to long-term  
sto rage  as w ell). W h en  a user se lects a s tu d y  at a w ork- 
sta tio n , it is sen t from  the RAID 10  the vvorkstatic n's
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Workstatìons

F 1 G U R E  2 S im pliíied  representaũon  o f  the w orkflow  in a PACS that uses an on -d cm an d  im age  
discrìbution  m ẹth od  w ith  a cen ira lized  architecture. (A ) Iinages are sen i írom  an im aging m oclalily to a 
Central  clatabase se rver ,  w h ic h  in  turn (B) s e n d s  the im ages  to  a red u n c ỉan t  a r ra y  o f  in e x p c n s iv e  cỉisks 
(R A ID ). (C ) At th is p o im , im ages m ay a lso  be copiecl to the ìong-term  archive. (D ) Im agẽs requested  
from  thè long-term  archive, e ith er  ih ose  retrieved bcíore the procedure or those requested by the user  
at the w ork station , arc a lso  m o v ed  to the RAID. (E) U sers at any vvorkstation can query the database 
server to recẽive any in iage in  the system . f  ECRI (2 0 0 0 ). R eprinted vvith p crm ission  from  Health  
D evices 2 0 0 0  N ov; 2 9 (1 1 ) , 3 95 .

m em o ry . W h en  a u se r u p d a tes  a s tu d y , th e  u p d a te s  are 
s e n t b ack  to th e  RAID (and  also  co p ieđ  to  lo n g -te rm  
s to rag e ) . S im ilarly , w h en  a u se r re q u e s ts  a s tu d y  from  
th e  lo n g -te rm  arch ive , it is se n t írom  th e re  d irec tly  to  the 
RAID an d  th en  ro u te d  to  th e  u s e r s  w o rk s ta tio n . T his 
sam e  p rocess o cc u rs  in  “p re ỉe tc h in g ,” w h ereb v  PACS 
au to m atica lly  re triev es  re le v an t stuclies fro in  the  long- 
te rm  arch ive w h en  a p a tie n t is ad m itte d  o r  sch ed u le d  at 
th e  rad io logy  in ío rm a tio n  system  (see la te r) . O ne d raw - 
b a c k  o f  cen tra lized  v ersu s  d is tr ib u te d  sy stem s is th a t a 
s y s t e m  í a i l u r e  o f th e  C e n t r a l  database  c ỉ i s a b l e s  t h e  w h o l e  

PACS. H ow ever, PACS toclay have s ig n iíican t b u ilt-in  
re d u n d a n c y  to p re v e n t su c h  system -w ide ía ilu res.

ANATOMY OF PACS

Input

T h e database  se rv e r an d  arch íve sy stem  lo g e th er 
c o m p rise  the  PACS co n tro lle r . T he c o n tro lle r  o rgan izes 
d a ta  from  m u ltip le  so u rce s  in to  a c o h e re n t package.

Ít acq u ires  im ages, a rch ives them , and  d is trib u te s  
th em  to d isp lay  w o rk s ta tio n s  an d  p rocesses im age re- 
trieval requests . PACS can also  be in te rro g a ted  in  o rd e r  
to  re tri e ve im ages, review  p a tie n t an d  s tu d y  in ío rm a- 
tio n , s tu d y  p rac tice  sta tis tics , an d  p erfo rm  o u tco m es 
anaìysis.

Im ages from  th e  ac q u is itio n  dev ices (e.g ., CT, MRI, 
an d  CR sc an n e rs)  an d  from  dev ices th a t co n v e rt ana log  
im ages to d ig ital im ages (d ig itize rs), as w ell as p e r tin e n t 
p a tie n t in ío rm a tio n , arrive  a t the  a c q u is itio n  gatew ay 
C o m p u t e r  (A G C ). T h e  jo b  o f th e  A G C is to receive  im - 
ages from  th e  respective  m o d a lity  co m p o n en ts , ex trac t 
tex t in ío rm a tio n  d esc rib in g  th e  received  s tu d y , u p d a te  
the  database  m a n ag e m en t system , d e te rm in e  th e  desti- 
n a tio n  w o rk s ta tio n } au to m atica lly  re triev e  necessary  
co m p ariso n  im ages, d e te rm in e  o p tim al c o n tra s t and  
b rig h tn e ss  p a ra m e te rs  for d isp lay  from  lo o k u p  tables 
for c ro ss-sec tional m o d a litie s  (e.g ., w in d o w  and  
level), p e r ío rm  im ạge d a ta  co m p ress io n , a rch iv e  new  
stu d ies  o n to  t h e  o p t i c a l  disk l i b r a r y ,  a n d  S e r v i c e  a r c h i v e  

re t ri e vai req  uests  from  w o rk s ta tio n s  an d  o th e r  PACS
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con tro llers . The AGC en su res  ihe  in teg rity  o f im age data 
ai various p o in ts  a long  the p a th . At the  im ag ing  device, 
an  im age w ill n o t be de le ted  fro m  the  local sto rage de- 
vice u n til veriíìecl b y  a te ch n o lo g is t th a t it has been 
arch ived  vỉa the PACS co n n ectio n s. A t the  AGC, im ages 
rem ain  on  the local m agnetic  d isk  u n til the arch ive sub- 
system  acknow ledges th a t a successíu l arch ive has oc- 
cu rred , at w h ich  tim e space is m ade on  the d isk  and  
these are cleared. At the PACS C entral node, im ages 
arriv ing  in  the arch ive server from  vario u s nodes are 
n o t de le ted  u n til p e rm an en tly  arch ived .

O th e r  sou rces o f in fo rm atio n  a rriv in g  at the database 
server of the  PACS co n tro lle r  are  the h o sp ita l in ío rm a- 
tion  system  (H1S) an d  rad io lo g y  in fo rm atio n  system  
(RIS). T he HIS serves th ree  íunc tions: (1 ) il su p p o rts  
c lin ical and  m edical p a tien t care ac tiv ities in  the hosp i- 
tal, (2) it ĩacilita tes ad m in is tra tio n  o f the h o sp ita lsd a ily  
busin ess  transac tions, in c lu d in g  íìnancial, persona l, 
payro ll, an d  bed  census, and  (3) it assists the eva lua tion  
of hosp ita l p e ríb rm a n ce , costs, a n d  lo n g -te rm  íb reeast 
p ro ịec tions. RIS m anages p a tien t dem o g rap h ics , b illing , 
p ro ce d u re  d esc rip tio n s , sc h ed u lin g , cliagnostic rep o rts , 
p a tien l arrival sch ed u lin g , film  location , íilm  m ove- 
m eni, and  exam  room  schedu ling . It consists  o f a 
C o m p u te r system  w ith  p e r ip h e ra l  d e v ic e s  such  as a lp h a -  
n um eric  le rm inals , p r in te rs , and  b a rc o d e  readers. U sing 
the HL-7 S t a n d a r d ,  sc an n in g  a sim ple bar-code en try  can 
d ow nload  the re lev an t da ta  from  the RIS to the acqui- 
s itio n  un it, w h ich  w o u ld  then  in c o rp o ra te  the da ta  in to  
the DICO M  packet w ith  th e  im age.

RIS/HIS in terfacing  o ccu rs  using  a S t a n d a r d  

E therne t. In ío rm atio n  an d  m essages co n c e rn in g  p a ticn t 
adm ission , d ischarge, and  tran s íe r  are sen t to PACS only 
w h en  a p a tie n t is sch ed u led  for an  ex am in a tio n  in ra- 
diology. An HL-7 S t a n d a r d  d ata  fo rm at is u sed  ru n n in g  
o n  TC P/IP  co m m u n ica tio n  p ro to co ls . P re íe tch in g  is also 
in itia ted  as so o n  as HIS/RĨS gets an  adm ission , dis- 
charge, o r t.ransfe.r m essage. P refe tched  da ta are sen t 
to d isp lay  w o rk s ta tio n s p r io r  to  c u rre n t exam  conip le- 
tion. T he p re ỉe tch e d  a lg o rith m  is based  o n  p redeR ned  
p aram ete rs  su c h  as ex am in a tio n  type, d isease category , 
rad io log ist, re íe rr in g  phy sic ian , and  lo ca tio n  o f d isp lay  
w o rk sta tio n . ln te g ra tio n  o f these system s in to  PACS 
reduces re d u n d a n t da ta  en try  an d  sto rage an d  avoids 
ihe expense  and  c lu tte r  of sep ara te  offìce co m p u ters , 
te rm inals , an d  w orksta tions.

Archive

An im p o rta n t advan tage o f PACS has b een  the elim - 
in a tio n  oí fìlm. N o n eth e less , a busy d ep a rtm en t can 
generate  m any gigabytes (10c>) of data  p e r  day and  
several lerabytes (1 0 12) per year. T h is p resen ts  a

techno log ica l an d  eco n o m ic  cha llenge. D ig itized  
im ages crea ted  over several years can  be accessed  o n  a 
varie ty  o f s to rage m edia, in c lu d in g  m agnetic  an d  op tica l 
d isk s an d  tapes, o n  “ju k e b o x ” system s for s to rage o f m ul- 
tip le  d isk s an d  tapes.

A tie red  ap p ro a ch  b e tw een  sh o rt-  an d  long- 
te rm  m e th o d s offers tw o advan tages— cost co n tro l 
and  m a in ta in in g  u se íu l re trieval tim es based  on likeli- 
h o o d  an d  im m ediacy  of need ; less expensive  sto rage 
m ed ia  can  be u sed  for lo n g -te rm  sto rage because  the 
level of íu n c tio n a lity  req u ired  is less th an  th a t n ee d ed  
for sh o rt- te rm  sto rage . S h o rt-te rm  sto rage , u su a lly  
ac co m p lish ed  u sin g  RAIDs, can  involve s to rin g  s tu d ies  
for on ly  a few w eeks; u se rs  can  speciíy  anỵ  len g th  of 
tim e. T he d em an d  for rap id  d isp lay  o f im ages at the 
d isp lay  w o rk s ta tio n  is w ell served by RAIDs, w hereby  
m u ltip le  d isks are accessed to  aggregate da ta  ĩragm ents. 
As th e  cost o f RAIDs decreases the re  is a g rea te r ten- 
dency  to use th is m e th o d  for in ie r in ed ia te  an d  even 
lo n g -te rm  sto rage , allow ing  im ages to be retrieved  
qu ick ly  regard less o f w h en  they  w ere arch ived .

T o  p ro v id e  b o th  tem p o rary  an d  p e rm a n e n t sto rage , 
lo n g -te rm  arch ive em ploys a varie ty  o f m edia, in c lu d in g  
m ag n eto -o p tica l d isk s  and  read -o n ly  m em ory  co m p ac t 
and  d ig ita l v ideodisks. Typically , PACS copies im ages 
to b o th  sh o rt- te rm  and  lo n g -te rm  sto rage im m edia te ly  
to p ro te c t from  loss o f sh o rt- te rm  m em o ry  in  a system  
ía ilu re. lm ages in  sh o rt- te rm  sto rage are  rem oved  once 
th ey  have been  read.

O utput

W ith  PACS, film  is no  lo n g e r the  m ed iu m  of the 
rad io log ist. T he im age o u tp u t is to  a d isp lay  w o rk sta tio n  
or to  an in expensive  p ap e r p rin te r. T h is  red u ces costs 
assoc ia ted  w ith  film, chem icals, fìlm  storage, an d  film 
m an ag em en t. D ifferent d isp lay  w o rk s ta tio n s  offer var- 
io u s  levels o f íu n c tio n a lity , reso lu tio n , a n d  o th e r  d isp lay  
ch a rac te ris tic s  an d  can  m eet the  n ee d s  o f d iffe ren t users. 
F rom  p r io r  surveys, rad io log ists  have d eem ed  m o st im- 
p o r t a n t  t h e  a b i l i t y  t o  c o m p a r e  n e w  w i t h  o l d  s t u d i e s ,  a n d  

ra p id  access to im ages. C erta in  w o rk s ta tio n  d isp lay  fea- 
tu re s  a re  co n sid ered  S ta n d a rd , su c h  as zoom ing , chang- 
irìg w in d o w  an d  level, ro ta tin g  an  im age, and  ob ta in .ng  
d en s ity  m easu rem en ts . E ach d isp lav  w o rk s ta tio n  con- 
s is ts  o f  a h o s t  C o m p u te r and  an  im ag e  d isp la y  board , a 
d isp lay  v ideo  m o n ito r, and  a local s to rage device.

W o rk s ta tio n s  w ill d iffer in  th e ir  physical (spavial 
re so lu tio n , íocus, lu m in an ce , co m p u ta tio n  speed, 
local s to rage  space, bus speed , an d  ne tw o rk  access 
sp eed ) an d  íu n c tio n a l (softw are capab ilities and 
h u m a n —C om puter in terface) req u irem en ts . lm p o ru n t 
ĩe a tu res  inc lude ergonom ics, lig h tin g  cond iticn s,



glare , an d  aco u stic  no ise  from  h ardw are . A key  issue 
d e te rm in in g  vvorkslation  quality  is im age reso lu tio n . 
R eso lu tion  in c reases  w ith  an  in c reased  n u m b e r  of 
p ixe ls . Bit d e p th  (n u m b e r  o f b its /p ix e l) is a n o th e r  im- 
p o r ta n t íe a tu re  in  grayscale  dep ic tion . A lth o u g h  12 b its / 
p ixe l is S t a n d a r d  ío r  CT/M R an d  CR for aỉl tissues, ư s  
re q u ire s  o n lỵ  8 b its /p ixe l. T he d ev e lo p m en t o f m o n ito r  
tech n o lo g y  to  overcom e lim ita tio n s  an d  in adequacies  
for the ac c u ra te  d isp lay  o f m am m o g ram s an d  ske letal 
ra d io g rap h s  h as been  a challenge.

Six types o f  w o rk s ta tio n s  can  be described : d iagnos- 
tic, rev iew , ạna lysis , d ig itiz in g  a n d  p rin tin g , in te rac tiv e  
teach in g , a n d  d esk to p . At a cỉiagnostic w o rk s ta tio n , ra- 
d io lo g is ts  m ake  p rim a ry  d iagnoses u s ín g  the best reso- 
lu tio n  possib le . T h is in c ỉu d es  2K ( K =  1024  lin ear 
p ixels;  2 048  X 2048  pixel im ag ing  array) m o n ito rs  for 
p la in  rad io g rap h y  (necessa ry  for analysis o f íine deta il) 
a n d  1K (1 0 2 4  X 1024 p ixe ls) m o n ito rs  for C T  a n d  MR. 
A t th e  d iag n o stic  m o n ito rs , a d ig ital D ic tap h o n e  m ay be 
availab le . A w o rk lis t m ay  also be available to  in c lu d e  
all s tu d ie s  th a t m e e t the u se r’s se lec tio n  c rite ria , e.g., 
body-M R  cases. T he u se r also  can  choose how  to  arrange  
th e  im ages o n  th e  m o n ito r, in c lu d in g  p o s itio n in g  o f old 
studi.es, u s in g  v ario u s  d ig ital d isp lay  p ro to co ls  (D D Ps). 
T h e  re so lu tio n  o f rev iew  w o rk s ta tio n s  in c lin ics and  
h o sp ita l warcỉs need  n o t be as h igh, because  cases are 
p rim a rily  b e in g  rev iew ed afte r they  have b ee n  in te r- 
pretecl, a n d  n o t every  m in u te  deta il need  be observeđ .

A nalysis w o rk s ta tio n s  are  packaged  w ith  specia lized  
im age ana lysis  so ftw are; they  can p e r ĩo rm , for exam pie , 
th ree -d im en s io n a l ren d e rin g , im age íu sion , a n d  co lo r 
en h a n c e m e n t. M odels in c lu d e  the GE N av iga to r soft- 
w are  for V ir t u a l  c o lo n o sco p y  an d  V itaì Im ages V itrea 
so ftw are  for th ree -d ỉm en sio n a l CT ang iog raphy . A dig- 
itiz in g  a n d  p r in tin g  w o rk s ta tio n  is used  by  th e  film  fìle 
r o o m  p e rso n n e l t o  d i g i t i z e  h i s t o r i c a l  f i l m s  o r  í i l m s  a c -  

q u ire d  o u ts id e  the hosp ita l. E lim in atio n  o f film  is the 
id ea l o b jec tive  o f PACS, b u t so m e tim es h ard c o p y  im - 
ages w ill be n ecessary . T h is is acco m p lish ed  w ith  a m ul- 
tiío rm a t ca m e ra  an d  ìaser fìlm , a la ser sc an n e r, a n d  a 
la se r  o r  p a p e r  p r in te r. In te rac tiv e  teach ing  vvorkstations 
e m u la te  th e  ro le  o f teach in g  files in  the film  lib rary , b u t 
w ith  m o re  in te rac tiv e  ĩea tu res . F inally , a d e sk to p  w ork - 
s ta tio n  is u sed  to  gen e ra te  lec tu re  slides and  teach ing  
a n d  re se a rc h  m a te ria i from  im ages on  PACS. T h is 
i s  done a t a  p erso n a l C o m p u t e r  a n d  r e q u i r e s  o n l y  

a 512  X 5 1 2 -p ix e l m o  n i to r.

W ORKFLOW SCHEMA

In  a film -based  d ep a rtm en t: a p ro c e d u re  is sc h ed u le d  
a n d  p a tie n t da  ta are en te red  in  th e  R1S. B eíore the

p a iie n i arrives , the íilm  file room  p erso n n e l re trieves 
p r io r  s tu d ies  for th a t p a tie n t and  scn d s th em  to the 
rad io lo g is^s  rea d in g  room . W h e n  th e  p a tie n t arrives 
for th e  s tu d y , th e  id en tify in g  d a ta  a re  rec n te red  in to  
th e  im ag ing  m oda lity . T he p a tien t is scanned  an d  
film s are ex p o sed  a t the m odality . T hese  are d eve loped  
an d  b ro u g h t to  th e  rea đ in g  ro o m  fo r p o stin g  o n  a fìlm  
a ỉte rn a to r. T hese  are  rea đ  w hile  also rev iew ing  p r io r  
im ages. ĩf  ad d itio n a l p rio r  im ag ing  s tu d ies  are n eed ed , 
the rad io Ịo g is t req u e sts  these fro m  the file room . O nce 
they  a rrive , th e  rad io lo g is t fin ishes th e  case and  d ic ta tes  
a rep o rt. A tra n sc r ip tio n is t typ.es th e  d ic ta ted  re p o rt an d  
sen d s a p r in te d  re p o r t to  the rad io log ist, w ho  ed its  it 
as necessary . O n ce  rev ised  by  the tra n sc rip tio n is t, rhe 
re p o r t is se n t to  th e  re íe rr in g  physic ian . T h is w ho le  
p ro cess  m ay take 3 —4 đays.

A íte r full PACS im p ỉem e n la tio n , the w ork£low  
w o u ld  p ro ce ed  as follow s: sc h ed u lin g  in ío rm a tio n  
an d  p a ú e n t d a ta  a re  en te re d  in  th e  RIS and  sen t to 
the re lev an t im ag ing  m oda lity  au tom atica lly . B eíore 
th e  p a tie n t arrives , PACS au to m atica lly  re trieves p r io r  
s tu d ie s  frora its lo n g -te rm  arch ive based on  the in ío r- 
m a tio n  in  th e  RIS a n d  the ru ỉes  estab lished . T he im ages 
are  m ade  availab le in  local sto rage for read y  acc-ess. At 
ihe sch ed u led  tim e , th e  p a tie n t is im aged  a n d  d ig ital 
im ages are tra n sm itte d  im m ed ia te ly  to  PACS, T hese  
a rc read  a lơ ng  w ith  re levan t p r io r  im ages at a PACS 
w o rk s ta tio n . Im ages can  be easily  a d ju s te d  íor im p ro v eđ  
v iew ing  o r analysis. R adỉo log ists at o th e r  lo c aú o n s  can 
be co n su lte d  on  th e  sam e stu d y  if  necessary . If o ld e r 
s tu d ies  are n eed ed , they  can  be accessed  from  lo n g -te rm  
sto rage w ith in  a few  m in u tes . w h e n  rev iew  is co m p le te , 
a re p o r t is d ic ta te d  u s in g  sp e ec h -rec o g n itio n  tools. T he 
rad io lo g is t ed its  th e  e lec tro n ic  re p o r t d irec tly  a n d  
sen d s ít to  the re fe rrin g  ph y sic ian  im m ed ia te ìy  th ro u g h  
RIS o r e-m ail. T h is can  tak e  several h o u rs  o r ìess from  
s ta rt to  finish.

ADVANTAGES 

General

As a new  a n d  evo lv ing  costly  techno logy , PACS w ill 
n eed  to  u n d e rg o  ĩo rm a l c ritica l ev a lu a tio n  by  physi- 
cians, th e  h e a lth  ca re  system , a n d  society . T he m e th o d - 
o logy for d o in g  th is  has b een  se t fo rth  by  F ryback  an d  
T h o rn b u ry . C a tego ries  o f ev a lu a tio n  in c lu d e  sa íetv , 
tech n ica l efficacy, d iag n o stic  accu racy  efficacy, d iagnos- 
tic íh in k in g , th e ra p e u tic  eĩíicacy, p a tie n t o u tco m e efíì- 
cacy, a n d  soc ie ta l effìcacy.

W idely  p u b lic iz ed  s tu d ies  froiTi th e  ho sp ita l o f the 
ư n iv e rs ity  o f P en n sy lv an ia  in  th e  early  1990s d em o n - 
s tra te d  a s ta tis tica lly  sign iíìcan t re d u c tio n  in  tim e sp en t

Ả



TABLE I S u m m ary  o f  B e n e íìts  o f  th e  P icture  
A rch iv in g  and  C o m m u n ic a tio n s  System s"

C ategory BenePit

1 BeneR ts to the d iagn ostic ian
Im proved access to current p aticn l records 
linproved  access to patient h istory  records 
File integrity and speed  o f relrieval 
Better d iagn osis
Q uicker d iagn osis/in ip roved  productiv ity

2 BeneR ts to the reíerring p h ysic ian
Better patient m anagem ent/earlier in tcrvention  
Better patient ou tcom e  
R educed len gth  o f stay  
R educed lcgal costs arising from

m aladm in isư ation  claim s, based on  loss o f  íilm s, 
lack o f  palient h istory, etc.

3 B cne íìts to  the patient
R educed  radialion exp osu re from  X-rav cq u ip m en l 
shorter exam ination  tim es
R educed radialion exp osu re as a result o f  less need  

for reiakes o f  im ages 
Reduced patient in con ven ien ce  in  attending  

h osp ita ls lor exam ination  and reexam in ation s  
R educed chance o f ađverse reaction to contrast 

agents
4 B cneíits to the h osp ita l

Betler com m u n ica tion  w ith  physicians  
Betier hosp ita l adm inistration  
Betler training o f radiology and other students  

through access to o n -lin c  im age íiles and 10 
digiial teach in g  tìles 

Greatcr staff relen lion  due to im proved  m orale

11 Data rcprinled with perm ission from Crowe (1992).

by c lin ic ians p e río rm in g  clin ical activ ities w h en  im ages 
w ere available on d ig ital d isp lay , co m p ared  w ith  trad i- 
tiona l íìlm  retrieval p ro toco ls . Im agine the  advan tages in 
g as tro im es tin a l rad io logy  if m ore  im m ed ia te  clin ical 
ac lio n  co u ld  be taken  in cases of bow el o b stru c tio n , 
p e rfo ra lio n , g as tro in tes tin a l b leed ing , ischem ia, post- 
o pera tive  leaks, an d  the like. O th e r  s tu d ie s  lo o k in g  at 
tim e savings have show n  th a t n o n p h y sic ia n  em ployee 
staff can be red u ced  26% an d  th a i sign ifican tly  increased  
tim e is available to tech n o lo g is ts  w hen  íĩlm  h an d lin g  
is elirn inated . The overall bene íìts  to the d iag n o stic ian , 
re fe rrin g  p hysic ian , p a tien t, an d  h o sp ita l are sum m a- 
rized  in  Table I. In a p rac tice  of g as tro in tes tin a l 
rad io logv , PACS can facilita te daily  p rac tice  in bo th  
fluoroscopv  an d  cro ss-sec tional m odalities.

G a s t r o in t e s t i n a l  F lu o r o s c o p y

P luo roscopy  is a u n iq u e  m oda lity  th a t involves 
the h an d s-o n , p o ten tia lly  lim e-in tensive  rad io log íca l 
ex am in a tio n  o f a patien t w ith  rep ea ted  an d  co n lin u o u s

ra d ia tio n  ex p o su re  (at the  ra d io lo g is ts  d isc re tion ). A 
co n s tan tly  n iov ing  tube (because o ĩ  peristals is) is 
b e ing  ex am in ed  w ith in  the patien t. C h arac teriza tio n  
of th is  is usefu l in ad d itio n  to in fo rm ation  gained  
from  sta tic  im ages. In te rm itte n t d is ten sio n  and co llapse 
o f the bow el an d  variab le p ro g ressio n  o f adm in is te red  
c o n tra s t th ro u g h  ihe g as tro in tes tin a l trac t lim it th e  ex- 
am iner. T he vvindovv o f o p p o rtu n ity  to cap tu re  tim e- 
d e p e n d e n t changes can be m issed o r cap ita lized  o n  in 
a m a n n er qu ite  u n lik e  the rad io logical ex am in aú o n  of 
anv  o th e r  o rgan  system .

E x am in in g  the p a tie n t u sing  d ig ita l technology  and  
PACS, co m p ared  lo film, allow s m ore rap id  an d  w ell- 
tim ed e x p o su re  and  ca p tu re  of p e r tin en t in ío rm aú o n  
b ecause  a cassette  is n o t m echan ica lly  m oving in to  
place. A cqu isition  o f rap id -seq u en ce  digilal exposures 
(8 /sec) also  becom es possib le  (versus m echanically  de- 
rived  ex p o su re s  o f 100-m m  film, lim ited  to 3/sec). D ig
ital ex p o su re s  can be im m ed ia te ly  review ed on  the 
m o n ito r  before íluo roscopy  resum es. T he adequacy  of 
each film  can  be im m ed ia te ly  assessed, and assessed 
so o n e r en m asse, co m p ared  to cassette film. [m m ediate 
su p e rv is io n  of res id e n ts  can  be d o n e  for quality  con tro l 
an d  can m in im ize  the n u m b e r of e rro rs  caused by tech- 
n ically  su b o p tim al exam s. T he im m ed ia le  o r rap id  avail- 
abiliLy of o ld  s tu d ies  a n d  co rre la tive  m odalilies enables 
very  qu ick  answ ers to any  q ueries  an d  allow s re- 
ex a m in a tio n  vvhile the p a tie n t is still in  the  departm en t; 
th is  is a very p ro b lem -o rien ted  an d  ta ilo red  approach . 
VVaiting for d ev e lo p m en t o f sp o t rad io g rap h s is avoided, 
e lim in a tin g  the long  delays th a t m ay p rev en t reexam in- 
ing  a p a tien t, only  to find su b o p tim al coating  an d  dis- 
ten sion . F inally , co m p ared  to co n v en tio n a l nuoroscop ic  
e q u ip m en t, d ig ital techno logy  allow s low er rad iaú o n  
ex p o su re , d e p e n d in g  on the n u m b e r o f exposures, ihe 
u se  of  p u lsed  í lu o ro sc o p y , and  sc re e n  cap tu re .

Im m ed ia te  ìm age review  has prac tica l beneíìts. In 
cases in  vvhich o v erh ead s are n o t req u ired , patien ts need 
no longer w ait in  the d e p a ritn en t w h ile  a series of 
cassettes is d eve loped  in a film p rocessor. T hey can 
leave im m ed ia te ly  after review  o fsp o t fihns on the w ork- 
s ta tion . T his also frees u p  th e  ro o m  an d  the technologist 
rn o re  q u ic k ly , ĩu r th e r  e x p e d ít in g  o v e ra ll th ro u g h p u t. 
S igniíìcan t advan tages are also available d u ring  final 
film  re a d o u t sessions at the PACS m o n ito r. Old sludíes 
are read ily  availab le ío r com p ariso n . Even old studies, 
pe rfo rm ed  at an  o u ts id e  h osp ita l b u t p e rtin en t to the 
c u r re n t ílu o ro sco p ic  s tud ies , can  be d ig ìtized  in advance 
for la ie r  revievv. ]n ad d itio n , im m ed ia te  side-bv-side 
co rre la tive  m oda lity  co m p ariso n  (to CT, MR[, PET, 
etc.) is a useful ed ucạtionaỉ tool in  gastroenterology, 
because the s tu d y  is o ite n  being  p erío rm e d  as follow up 
to q u es tio n ab le  fm dings on  cross-sectional studies.



T his process m ay also a llow  d e m o n s tra tio n  o f íìnd ings 
m o re rapidly.

The soítvvare too ls  ava ilab le  a t the w o rk s ta tio n  m on- 
ito r allow  con tro l of b rig h tn e ss , co n tra s t, m agn iíìcation , 
and  edge en h a n ce m e n t so th a t a g ran u la r  or re ticu la r  
m ucơsal pa tte rn  o r sm all p o ly p s o r u lc e rs  m ay be m ore 
easily seen. Small p o s to p e ra tiv e  leak s an d  ex tra lu m in a l 
gas co llections m ay be m ad e  m o re  a p p a re n t w ith  these 
ad ju stm en ts  as w ell. T he sc ro llin g  íu n c tio n  aìlow s 
sc ro lling  th ro u g h  c a p tu red  rap id -se q u en ce  s tu d ies  for 
a dynam ic effect an d  av o id s o b ta in in g  m o re  íilms.

PACS has im p ro v ed  the effìciency o f co m m u n ica- 
tion  and  rep o rtin g  o f re su lts  to re íe rr in g  clin ic ians. Plac- 
ing  arrow s and  an n o ta tìo n s  to rn ark  sign ifican t im ages 
alìow s a qu ick  review  o f the p e r tin e n t íìn d in g s  by cli- 
n ic ians at rem ote  cìisplay m o n ito rs . PACS makes. a pos- 
itive co n trib u tio n  to te ac h in g  an d  learn ing . M ore im ages 
can  be d isplayed m o re  q u ick ly  vvithout the b u rd e n  o f 
han d lin g  m any films. R esidcn ts a n d  fellow s can  scro ll 
th ro u g h  these im ages to arrive  a t a b e tte r  g es ta lt for the 
abnorm ality . In stead  of d isp lay in g  su b o p tim a l copy  
íilm s on  a ligh t b'ồx, d ig ita l im ages (w h ich  can  be m a- 
n ip u la ted ) are au to m atica lly  accessib le  a n d  can  be 
view ed and  d e m o n s tra te d  in  a co n íe ren c e  ro o m  from  
a PACS m o n ito r co n n e c te d  lo aud iov isua l eq u ip m en t. 
T his íaciliia tes b e tte r v isu a liz a tio n  for all residen ts/fe l- 
lo w s in  the co n íe ren ce  ro o m , ra th e r  th an  the few s ittin g  
up  íro n t or ac tụa lly  “ta k in g  the case .”

PACS can also assist in  resea rch  and  p u b lic a tio n  
efforts. It allow s m ore  efficien t co llec tio n  of s im ila r 
cases, by sav ing  th em  in a teach in g  to lde r in the 
PACS m oduleA vorklist. In  th e  academ ic  se ttin g , using  
a perso n a l Computer w eb  brovvser o r w orkstation , pro - 
d u c tio n  of slides q u ick ly  an d  w ith o u t loss o f im age 
quality  is an  ad d ed  b e n e íit for b o th  te ac h in g  files an d  
p u b lic a tio n  uses. F inally , te le rad io logy  has g rea t p o ten - 
tial for a id ing  co n su lta tio n s  a n d  ex te n d in g  ex p e rtise  
a rou rid  the w orld .

Cross-Sectional

T he c o n tr ib u tio n  o f  PACS to the ca p tu re , transm is- 
sio n , an d  d isp lay  o f  im ages from  c ro ss-sec tio n a l m odal- 
ities has been  n o th in g  sh o r t o f rev o lu tio n ary . If tta p ic tu re  
is w o rth  a th o u sa n d  w o rd s ,” th e n  one can  bare ly  do 
ịu stice  try ing  to ex p ress  in  any  am o u n t o f  w o rd s the 
in c rem en ta l advan tages o f  d isp lay in g  a 500 -“p ic tu re ” 
MRI s tu d y  o n  soft copy , v e rsu s  o n  in n u m e ra b le  pages 
of la se r-p rin ted  film. F o r exam ple , v iew ing  im ages in  a 
rap id  seq u en tia l m a n n e r  on  PACS offers a te leo log ical 
th ree -d im en sio n al gesta lt th a t ca n n o t be ach ieved  
w ith  film  read ing . ỉn  PACS, the im ag ing  spec ia lis t has 
the  ability  to sc ro ll o r  c in e lo o p  th ro u g h  im ages and

m en la lly  rec o n s tru c t a n a to m y  and  p a th o lo g v , based  
on  tra in in g  an d  ex p e rien ce . S ta ted  in a n o th e r  wav, 
m an y  s tru c tu re s  are an a to m ica lly  a ligned  m ore longi- 
tu d in a lly  in  the body , su ch  th a t in te rp re ta t io n  o f  axial 
im ages g ives an  in co m p le te  p ic tu re  o f th e  overall o rgan  
o r  p rocess. R adio log ists have all Kad the  ex p e ricn ce  of 
d ec id in g  if a d o t is a lu n g  n o d u le  o r ly m p h  n o d e  based  on 
w h e th e r  i t  is v isib le  o n  several slices above an d  below  
(is lo n g itu d in a lly  c o n tin u o u s  a n d  th e re ío re  a vessel or 
o th e r  tu b u la r  s tru c tu re ) ,  o r is  iso la ted  to th a t slice 
(real p a th o lo g y ). S cro lling  allow s m ore  rap id  assess- 
m e n t o f lo n g itu d in a lity . W h e n  d ea lin g  w ith  the a lim en- 
tary  trac t, n o t o n ly  is trac in g  th e  co u rse  o f  the  co lon  
íaciỉita ted , b u t an  o rd erly  trac in g  of the  en  ti re sm all 
bow el can  be nearly  ach ieveđ . L ocaliz ing o b s tru c tio n s  
and  m asses, in tu s su sc e p tio n s  a n d  even accu ra te ly  iden- 
tiíy ing  the  co u rse  o f bow el and  its re la tio n sh ip  to  adja- 
cen t s tru c tu re s  b ecom e m o re  re liab le . T he  te leo log ica lly  
g iíted  can  o íte n  d raw  a co ro n a l “ro ad  m a p ” for the 
su rg eo n  after v iew ing  the in te s tin es  in  th is  m anner. 
T he use o f sp ecia lized  d isp lay  w o rk s ta tio n s  (e.g ., GE 
A dvantage W inclow s 3 .1 ) to  re íb rm a t irnages in to  
co ro n a l o r  sag itta l v iew s o r  crea te  ang led  m u ltip la n a r  
re c o n s tru c tio n s  m ay assist w ith  these  ta sk s as well.

In the  so lid  g as tro in te s tin a l trac t (liver, ga llb ladder, 
p an c reas , an d  in testin a l m e sen te ry ), PACS offers 
ad v an tag es in  im age m a n ip u la tio n , arch ive , vo lum e 
h an d lin g , a n d  im age v iew ing . M a n ip u la tio n  of 
im ages m ay in c lu d e  d is tan ce  m e asu rem en ts , vo lum es 
( tu m o r b u rd e n  changes w ith  trea tm e n l, liver tran sp lan t 
vo lu m e es tim a tio n , lu n g  re d u c tio n  su rg ery  eva lua tion , 
e tc .), reg io n  o f in te re s t d en s ity  m e asu rem en ts , and  
m ag n iíic a tio n /m in iíìc a tio n . In a d d itio n , the w in d o w  
an d  level can  b e  easily  ad ju s te d  to  th e  o b se rv e rs  lik ing . 
A n n o ta tio n s  u sin g  arro w s and  text can  be ad d ed , and  
s ig n iíìcan t im ages can  be m a rk e d  for la te r re íe ren ce  o r 
rem o te  co n fe re n c in g  w ith  o th e r  in te re s te d  clin ic ians.

Im age arch iv e  is now  d ig ita ì. It is n o t necessary  to 
lo o k  th ro u g h  an  en tire  film ío ld e r  for o ld /m isp la ce d / 
ju m b le d  CT ex am in a tio n s . All p r io r  s tu d ies  a re  available 
e ith e r  in sh o r t- te rm  (p re íe tc h e d )  o r lo n g -te rm  arch ive, 
w h ich  m ay take  1 — 2 m in u te s  to  re triev e , sav ing  tim e 
a n d  m a n u a l labo r. C o m p ariso n  w ith  o th e r  types of 
s tu d ies  is also íac ilita ted . T h is efficien t, inva luab le  p ro - 
cess h as  the p o te n tia l to  help  us learn  how  to b e tte r 
in te rp re t v a rio u s  s tu d ie s— in  a sense, p ro v id in g  per- 
sonal q u a lity  c o n tro l.

T he  v o lu m e o f  im ages in  a PACS fo lder m ay chal- 
lenge m em o ry  capac itv , d ep e n d in g  o n  im age com pres- 
s ion  types a n d  ra tio s , b u t s till re p re se n ts  a m ajo r 
advan tage  over film . F ilm in g  ex tra  se q u en c es  (delayed  
imag.es, th in n e r  slice re c o n s tru c tio n s , co ronal o r 
o th e r  re íb rm a ts , e tc .)  no  lo n g e r re q u ire s  u sin g  m ore



film  an d  p e rso n n e ỉ tim e, b o th  valuab le and  expensive 
reso u rces, b u t ra th e r  m ere ly  req u ires  sen d in g  the 
im ages to PACS.

V iew ing im ages is facilita ted  w ith  PACS. Any two 
im ages from  any  s tu d y  an d  any  da te  can  be p laced  di- 
rec tly  n ex t to  o n e  an o th er. T h is can  be accom plished  
w ith  p rese t d ig ital d isp lay  p ro toco ls. T hese D D Ps can 
be p erso n a lized  an d  saved an d  shared  am ong  d iffe ren t 
u sers. T he sc ro lling  íu n c tio n , in  ad d itio n  to being  useful 
in  d is tin g u ish in g  lo n g itu d in a lly  o rien ted  s tru c tu re s  
from  lym ph  n o d es  o r lu n g  nod u les , can  also be used  to 
sim u late  m o tio n  in  vascu lar p e ríu s io n  stud ỉes. F inally , 
the  tim ely  arrival o f PACS has ĩac ilita ted  the v iew ing  of 
large da ta  sets associa ted  w ith  V irtual co lonoscopy .

Som e difficulties, d isadvan tages, an d  p itía lls  have 
been  fo u n d  w ith  PACS. Several in s tìtu tio n s  have ini- 
tially  fo u n d  th a t co s t sav ings for film a ttr ib u tab le  to 
PACS can  be largely offset by  PACS e q u ip m en t m ain- 
ten an ce  costs. O n  the o th e r  h an d , cost eíĩec tiveness also 
varies w ith  in tang ib le  benefits, such  as re ferrin g  physi- 
c ians’ and  su p p o rt staff p ro d u ctiv ity  gains. P itía lls in  
PACS are u sua lly  a re su lt o f h u m a n  e rro r, w hereas 
b o ttlen e ck s  are d u e  to  im p eríec t design. T hree e rro rs  
invo lv ing  the acq u is itio n  device are en te r in g  ihe w rong  
in p u t p aram ete rs , s to p p in g  an  im age tran sm issio n  pro- 
cess im p ro p erly , and  in c o rrec t p a tie n t p o s itio n in g  (in 
CR, the  m o st co m m o n  e rro r  occu rs w h en  the techno- 
logist p laces the im aging  p la te  u n d e r  the p a tien t in  the 
w rong  d irec tio n ).

A rec en t U n ited  S tates D ep artm en t o f D eícnse 
su rvey  o f PACS defic iencies at 14 sites found  th a t the 
c o m p o n en ts  m ost com m only  c ited  for defic iencies w ere 
the rad io lo g is t’s w o rk s ta tio n  (25% ), the HIS/R1S/PACS 
b ro k e r  in te ríace  (16% ), the RIS (14% ), m o n ito r  d isplays 
(10% ), an d  the w eb-based  im age d is tr ib u tio n  system s 
(6% ). L arger system s h ad  m ore ía ilu res than  
sm a lle r ones.

F U T U R E  D E V E L O PM E N T S/SU M M A R Y

PACS o rig in a ted  as an  im age m anagem en t system  for 
im p ro v in g  the efficiency o f rad io logy  practice . It has 
evolved in to  a h o sp ita l-in teg ra ted  system  dea ling  vvith 
in fo rm atio n  m edia in  m any ío rm s, in c lu d in g  voice, text, 
m ed ìca l records, im ages, an d  video reco rd ings . To 
in teg ra te  these various types o f in ío rm a tio n  req u ires  
the tech n o lo g y  of m ultim ed ia: h a rd w are  p la tío rm s, in- 
ỉo rm a tio n  system s an d  databases, co m m u n ic a tio n  p ro - 
toco ls, d isp lay  techno logy  an d  system  in te ríac in g  and  
in teg ra tio n .

F u tu re  d eve lopm en ts  m ay in c lu d e  en te rp rise - and  
co m m u n ity -w id e  im age d is trib u tio n  system s to balance 
w o rk lo ad  and  m ax im ize scarce  p ro íess ional resources,

improvements in the quality of Service to referring 
physic ians w ith  w eb-based  in ío rm a tio n  d is trib u tio n  
system s, w avelet co m p ressio n  tech n iq u es, fỉat-panel 
m o n ito rs , red u c ed  cost o f RAIDs, analysis w o rk s ta tio n s  
o n  every  m o n ito r, seam less in c o rp o ra tio n  o f HIS/RIS, 
vo ice-recog iiition  an d  co m p u te r-au to m a te d  d e tec tio n  
softw are, an d  tem p o ra l im age database  m an ag em en t 
system s to p e río rm  ou tco m es analysis (for exam ple , 
in  lu n g  cancer sc reen in g  s tu d ies  by ex trac tin g  vo lum es 
of lu n g  n o d u le s  in  lo n g itu d in a l scans).
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Pituitary Adenylate Cyclase-Activating 
Polypeptide (PACAP)
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hip (SV1) ĩncorporates a 20-amino-acid insertion in the 
third intracellular loop of PAC1. 

hip-hop (SV3) Incorporates a 40-amino-acid insertion 
composed of both the hip and hop cạssettes. 

hop (SV2) Incorporates a 20-amino-acid insertion in the 
third intracelỉular loop of PAC1.

PAC1 Pituitary adenylate cycỉase-activating polypeptide type 
1 receptor.

Pituitary adenylate cyclase-activating peptide (PACAP) is 
the m ost recently discovered neuropeptide in the vasoac- 
tive intestinal polypeptide, secretin, glucagon, and related 
íam ily of peptide hormones. It is so named because, íol- 
loNVÌng its discovery in the rat anterior pitụitary, this 38- 
amino-acid peptide hormone was shown lo be a potent 
stim ulator o f adenylyl cyclase. This hormone was discov- 
ered in 1993 and all of its physiological íunctions are still 
not com pletely understood. Given the distribution o f this 
hormone in the peripheral system s, including the gastro- 
intestinal traci, it would be expected to have a major role 
in physiological regulation.

P A C A P H O R M O N E

D iscovery and Gene Structure

P itu ita ry  ad en y la te  cy c lase-ac tiva ting  p ep tid e  
(PA CA P) w as d isco v ered  by A rim u ra  an d  co -w o rk e rs

u sin g  iso la ted  írac tio n s  o í ovine h y p o th a lam ic  ex trac ts  
th a t s tim u la ted  adeny ly l cyclase ac ti vi ty in  a n te r io r  pi- 
tu ita ry  cells. PACAP c ircu la tes  as tw o b io log ica lly  active 
form s, one  co n ta in in g  38  am in o  ac ids (PA C A P-38) and  
the  o th e r  co n ta in in g  27 am ino  ac ids (PA C A P-27). T here  
is s ig n i ík a n t in te rsp ec ies  co n serv a tio n  o f  the  am in o  acid  
s tru c tu re  o f th e  PACAP h o rm o n e .

T h e  p rim a ry  seq u en ce  of the  PACAP h o rm o n e  has a 
68%  h o m o lo g y  w ith  vasoactive in te s tín a l p o ly p ep tid e  
(V IP), th e re ío re  PACAP is a m em b er o f  a broacler cat- 
egory  o f h o rm o n e s  th a t in c lu d es VIP, se c re tin , g luca- 
gon , an d  g ro w th  h o rm o n e-re le as in g  íac to r (G R F). As 
d e m o n s tra te d  in  T able I, there  is s ig n iíìcan t hom ology  
am o n g st these  pep tides . The th ree -d im en sio n a l s tru c - 
tu re  fo r h o rm o n e s  in  th is  íam ily  also  d em o n s tra te s  sim - 
ila rities. T he p rim a ry  am in o  ac id  seq u en ce  s im ila rity  
re ílec ts  th e  close sim ila rity  in  gene s tru c tu re  am ong  
th e  rela tives o f PACAP, suggesting  a s im ila r an ces tra l 
gene an d  p e rh a p s  also  gene d u p lic a tio n . T he PACAP 
h o rm o n e  gene has been  c loned  in  several species, in- 
c lu d in g  m ice  an d  hu m an s. T he h u m a n  gene is com - 
p o sed  o f fìve ex o n s  an d  has a s tru c tu re  th a t is s im ila r 
to  th a t o f o th e r  m em b ers  o f  th is  íara ily  o f  p ep tid es . T his 
close s im ila rity  sưggests th a t all o f  the  m em b ers  o f  th is  
fam ily o f  p ep tid es  m ay have o rig in a ted  from  a s im ila r 
an ces tra l gene th ro u g h  d u p lica tio n .

TABLE í Alignm ent o f Amino Acid Sequences for PACAP and Related Hormones

Hormone" Sequence*

PACAP-38 HSDGIFTDSYSRYRKQMAVKKLAAVLGKRYKQRVKNK-NH2
PACAP-27 HSDGĩFTDSỴSRYRKQMAVKKLAAVLG-NH2
VI p HSDAVFTDNYTRLRKQMAVKKLNSILNK-NH2
Secretin HSDGTFTSELSRLREGARLQRLLQGLVG-NH2
Hélodermin HSDAIFTYSKLLARLALQKYLASILGSRTSPPP-NH2
Glucagon HSQGTFTSDYSKYLDSRRAQDFVQWLMNT-NH2
GRF YADAIFTNSYSKVLGQLSARKLLQD1MSRQQGESNQERGARARL-NH2

“Abbreviaiions: PACAP,pituitaryadenylatecvclase-activatingpeptidc;VIP, vasoactiveintestinal peptide;GRF,growthhorm one-releạsingfactor. 
''Boldíacc type designates am ino acids with com plete identity at those positions o f the PACAP-38 hormone.



PACAP Hormone D istribution

In m am m als, the h ig h e s t co n c en tra tio n  of PACAP is 
in  the C e n tr a l n e rv o u s sv stem  (CN S). T he reg ions of the 
b ra in  th a t appear to have the h ighest co n c en tra tio n  (in  
the  ra t)  are the p a ra v en tr ic u la r  an d  su p rao p tic  nucle i 
w ith in  the hyp o th a lam u s. It is p resu m ed  th a t PACAP is 
tran sp o rte d  from  the  h ỵ p o th a lam u s to  the  a n te rio r  pi- 
tư itary , w here  it can ex e rt its effects on  the en d o c rin e  
systera. PACAP-38 im m u n o re ac tiv ity  has  also  been  
show n to be p re se n t in  ex trah y p o th a lam ic  sites, su ch  
as the su b stan tia  n ig ra, ce rebellum , p o n s , an d  the para- 
v en tricu la r n u c le i o f the tha lam us. In  ad d itio n , th e  spi- 
nal co rd  also co n ta in s  PACAP th a t is m ain ly  localized  ìn  
the  do rsa l ro o t ganglia and  dorsal h o m . O u tside  o f the 
CNS, PACAP is p resen t in  th e  ad renal m eđu lla , vvhere ít 
ap p ears  to  be a p o te n t s tim u la to r  o f ca tech o lam in e  re- 
lease. PACAP is also p re se n t in  the en teric  neu ra l p lexus, 
w here  it is an im p o rta n t m e d ia to r  o f gastric  acid secre- 
tion  and  in te s tin a l m otility .

THE PA C A P TYPE 1 R EC EPTO R  (P A C 1 )  

Cloning, Pharmacology, and Signaling

T h ro u g h  c lon ing  s tu d ỉe s , PACAP hãs b een  de ter- 
m in e d  to have h ig h  a ííìn ity  for th ree  recep to rs. The 
íìrs t o f these recep to rs  to be c loned  w as the classical 
V1P recep to r (VPA C1); su b se q u en tly  c loned  w ere the 
type 1 PACAP rec ep to r  (PA C 1) an d  the  VIP2 recep to r

TABLE II C lassiíkation of Receptors in the PACAP 
Superíaraily Based on Relative Affinities to Related 
Peptides^

IUP*
nomenclature Relative aflìnities

PAC ị

VPACị

v p a c 2

PACAP-27 =  P A C A P-38 »  VIP >  H eloderm in  
PACAP-27 =  PA C A P-38 =  VIP >  H eloderm in  
H eloderm in  >  PA C A P-27 =  PA C A P-38 =  VIP

u Adapted frọm Harmer et C I Ỉ .  (1998). 
bĩ'UP, International U nion of Pharmacology.

(VPA C2). A lth o u g h  PACAP has h igh  affin ity  for all 
th ree  recep to rs , each can  be d is tin g u ish e d  by th e ir  af- 
A nities for the lỉganđs VI p, PACAP, an d  h e lo d e rm in , as 
sh o w n  in Table II (see also T able III io r  n o m e n c la tu re  of 
PACAP an d  recep to rs). In te res tin g ly , PAC1 h a s  a ííìn ity  
for only  PACA P-38 an d  PA C A P-27.

C lon ing  of ra t PAC1 cDNA sh o w s th a t i t  is hom ol- 
ogous to the  VIP and  se c re tin  rec e p to rs . T h e  PAC1 
cDNA encođes a 4 9 5 -am in o -ac id  p ro te in  w ith  a m olec- 
u la r  m ass of app ro x im ate ly  5 0  kD a. C lo n in g  o f  the  ra t 
PAC1 gene show s th a t the  re c e p to r  can  ex is t as one of 
four m ajo r sp lice varian ts  (Fig. 1). T h e  m a jo r  d ifference 
b e tw een  the.se four p o ten tia l sp lice  v a ria m s  is th e  struc- 
tu re  o f the  th ird  in tra ce llu la r  d o m a in . T h e re  is a uh ip ” 
sp lice varian t (SV1) a n d  a “h o p ” sp lice  v a ria n t (SV2), 
each w ith  a 20-am ino-acicl th ird - lo o p  in se rtio n ; a 
“h ip -h o p ” sp lice v arian t (SV3) in c o rp o ra te s  a co m b in eđ

TABLE III Nomenclature for the PACAP-Related Receptor Superĩamily in Comparison to Previous 
Nomenclature and Hormone Affinitytt

R eceptor type

IUP1’ P revious S eìective S elective F lu orescen t S e lec tiv e
n om enclature n om enclatu re a gon ists an tagon ists a g o n ists a n tagon ists

PAC, PACAP type 1 PACAP-38 P A C A P 6 - 3 8 Flụor-PACAP P A C A P (6—38)
PVR1 PACAP-27 P A C A P 6 - 2 7

M axadilan?
VPACi VIP [A rglố]ch icken Fluo-VIP [A c-H ísl , D-Phe:,

secretin L ys15, A rg ,6 l

V1P, ỊK 15R 16L27]V1P ( 1 - 7 ) V1P(3 —7)
G R F (8 -2 7 )-N H 2 G RF ( 8 —27)-N H 2

PACAP type 2
PVR2
V1P/PACAP,

v p a c 2 VIP2 H eloderm in
PACAP-3 Ro 2 5 -1553
PVR3 Ro 2 5 -1392
v i p / p a c a p 2

“Adapted from Harrnar ct a i  (1998).
'MUP, Imcrnaiional Union of Pharmacologv.
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FIG URE 1 Structure o f the heptahelical reccptor for PACAP, 
PAC1. The reccptor has seven transmembrane clomains indicated 
by the cyỉindcrs and a long ihird intracellular loop. Splice variants 
are indicated in the shadecl rectangle.

4 0 -am in o -a c ỉđ  th ird - lo o p  in se rtio n . T hese d iffe rences 
in the s tru c tu re  o f th e  th ird  in tra ce llu la r loop  m ay ac- 
co u n t fbr v a r ia tio n s  in  signal tra n sd u c tio n  co u p lin g  to 
p h o sp h o lip ase  c a n d  d iíĩe ren ces in  the tissue d is trib u - 
tion  o f the sp lice  v arian t. A clditional sp lice varian ts , 
affecting  e i th e r  th e  N -te rm in u s  o r the seco n d  an d  ío u r th  
exons , have a lso  been  .identiRed and  all o f th e  h u m a n  
PAC1 re c e p to r  cD N A  sp lice  v a rian ts  have b een  cloned . 
H ow ever, u n lik e  th e  rat sp lice variants* cỉifferences in 
signal tr a n s d u c tio n  c o u p lin g  are n o t observed  an d  the 
h u m a n  gene  is  lo c a lize d  to ch ro m o so m e 7, w hereas in 
the rat it is lo c a lize d  to  ch ro m o so m e 4. W h a t w as ob- 
served w as a h ig h e r  efíìcacy for the ho p  v arian t, an in- 
te rm ed ia te  c o u p lin g  ío r  the h ip -h o p  sp lice v a ria n t, and  a 
lo w er efficacy o f  th e  h ip  splice varian t for co u p lin g  to 
p h o sp h o lip a se  c.

T he PAC1 re c e p to r , un líke  th e  VPAC1 an d  VPAC2 
recep to rs , is coup iec ỉ to  a d u a l signal tra n sd u c tio n  p a th - 
way. A íb u r th  tra n sm e m b ra n e  sp lice v a ria n t is n o t cou- 
p led  to e ith e r  ad e n y ly l cyclase o r p h o sp h o lip ase  c yet 
co u p les  to a n  L -type C a 2" channel. T he reg io n  o f the 
na tiv e  PAC1 sh o w n  to  be resp o n sib le  ío r  signal trans- 
d u c tio n  c o u p lin g  is  th e  C O O H  te rm in u s , an d  tw o am ino  
acids, Ser a n d  A rg, a p p e a r  to be  co u p led  to signaling .

Localization o f  PAC1 Receptors

T he PAC1 re c e p to r  ap p ears  to  be ex p ressed  in  b o th  
the CNS a n d  p e r ip h e ra l tissues. In  the CNS, the g rea test 
d ensity  o f re c e p to rs  o cc u rs  in  th e  h y p o th a lam u s (i.e ., 
th e  su p ra o p tic  n u c le u s , p e riv e n tr ic u la r  nu c leu s, and  
la te ra l h ỵ p o th a la m u s ) , w ith  th e  p re d o m in a n t sp lice 
v a ria n t b e in g  th e  n u ll varian t w ith o u t a splice varian t 
casse tte . In  th e  re tin a , PAC1 h as been  d e tec ted  and  
d is tr ib u te d  in  th e  in n e r  p le x iío rm  layer. In  p e rip h e ra l

tissues, the g rea test densitv  of PAC1 is in the ad renal 
m edu lla , w here  th e  p re d o m in a n t sp lice  v a ria n t is the 
ho p  type; a s im iìa r p red o m in an ce  is ío u n d  in  the an ie- 
r io r  p itu ila ry . T he h u m a n  p ro sta te  g land  co n ta in s  PAC1 
recep to rs  th a t ap p ear to be u p -reg u la ted  in  co n d itio n s  
su ch  as b en ig n  h y p erp la s tic  p ro sta te . PAC1 rec ep to rs  
are also p rese n t on  germ  celỊs o f th e  testis as vvell as on  
sp e rm a to g o n ia  and  Serto li and  Leydig cells. PAC1 an d  
VPAC1 recep to rs  a re  exp ressed  w ith in  the gas tro in tes- 
tinal (G I) trac t; th e  PAC1 re c e p to r  is ex p ressed  011 the 
gastric  en te ro ch ro m affin  like  (EC L) cells an d  the 
VPAC1 rec ep to r  is exp ressed  on  the so m a to s ta tin - 
co n ta in in g  D cells and  ch ief cells o f the stom ach . T he 
liver ap p ears  to  co n ta in  p re d o m in a n tly  VPAC1 recep- 
tors. T he sm o o th  m usc les  o f the GI trac l co n ta in  VPAC1 
an d  PAC1 recep to rs , and  the PAC1 recep to r has been  
d escribed  in th e  ra t tanei coli. T he PAC1 rec ep to r  has 
also been  found  in  m acrophages, a n d  o th e r  PACAP re- 
cep to r types have h een  d escribed  in a n u m b e r  o f tu m o r 
cell lines. PAC1 re c e p to r  exp rcssion  has been  rep o rte d  
in  h u m a n  lu n g  an d  b reast can ce r cell lines. D ifferences 
in sp lice v a rian t ex p re ss io n  o f PAC1 rec ep to rs  in  p itu -  
itary tu m o rs have also been  d em o n stra ted .

PH YSIO LO G Y O F  PA C A P  

Central N ervous System

Based o n  the h igh  c o n c en tra tio n  o f PACAP an d  its 
rec ep to r , i t  w ou ld  be ex p ected  th a t PACAP ex erts  sig- 
n iíìcan i n eu ro p h y sio lo g ica l effects. PACAP increases 
the activ itv  level as w eìl as a m o u n t o f vaso p ressin  
release , and  in trae is te rn a l ad m in is tra tio n  of PACAP 
resu lts  in  th e  re ỉease  o f g o n ad o tro p in -re le as in g  h o r-  
m o n e  (G nR H ), lu te in iz in g  h o rm o n e  (LH ), p ro lac tin , 
so m a to sta tin , and  th e  d o p am in e  analogue 3 ,4 - 
d ih y d ro x y p h en y lace tic  acid  (D O PA C ). In  the p in ea l 
g land , th e re  is a h ig h  co n c e n tra tio n  o f PAC1, a n d  
PACAP can  s tim u la te  m e la to n in  secre tio n . G iven  its 
ex p re ss io n  in  the h y p o th a lam u s, a n o th e r  p o ten tia l ac- 
tion  o f PACAP is in  th e  co n tro l of ap p e tite . In  cu ltu re d  
cell system s, PACAP h as b e e n  sh o w n  to activate the 
c-fos, C-Jun, an d  m ito g en -ac tiv a ted  p ro te in  (M AP) 
k inase signaling  system , in d ica tin g  its  ro le  in  reg u la tin g  
p ro liíe ra tio n  o f cells. In ce reb ella r g ran u le  cells, PACAP 
a p p e a r s  t o  r e d u c e  a p o p t o s i s  a n d  h a v e  a  p r o t e c t i v e  e f f e c t  

against g p l2 0  c u ltu re d  n eu ro b la sts , again  su p p o rtin g  a 
ro le  for th is  h o rm o n e  as a n e u ro p ro tec tiv e  factor.

Endocrine Organs

PACAP reg u la tes  the a n te rio r  p itu ita ry  to release 
g ro w th  h o rm o n e  (G H ), LH, fo llic le -s tim u la tin g  
h o rm o n e  (FSH ), p ro lac tin , and  a d re n o co rtic o tro p ic



h o rm o n e  (A CTH ). PACAP has been  show n  to s tim u la te  
so m a to tro p ic  cells tha t release g row th  h o rm o n e  in  a w ay 
th a t is add itive  to the effects o f grovvth h o rm o n e-re leas- 
ing  factor (G R F). PACAP acts synerg is tica lly  w ith  
GnRH to s tim u la te  the release of LH and  FSH. N o d irec t 
effect o f PACAP has been  sh o w n  o n  th y ro tro p ic  cells of 
the p itu ita ry . T he seco n d  m ajo r en d o c rin e  site of phys- 
io log ical activ ity  is in  the m ale an d  íem ale rep ro d u c tiv e  
tracts. PACAP has b een  localized  to the sm o o th  m uscles 
o f the fem ale rep ro d u c tiv e  trac t, w here  it p lays a ro le in 
m uscle relaxation . VPAC2 recep to rs  have been  id en ti-  
fìed in  p lacen ta l tissue, w h ich  w as the  site of in iú a l 
c lon ìng  o f the VPAC2 recep to r. The ovary  co n ta in s  
PACAP in  ihe g ran u lo sa  zone , w here PACAP stim u la tes  
p ro g este ro n e  p ro d u c tio n  in  the p reo v u la to ry  phase. 
PACAP and  PAC1 rec ep to rs  are  exp ressed  in  large 
n u m b ers  in the m ale gonada l germ  cells, an d  PACAP 
stim u la tes  te s to ste ro n e  release in  ihe ep id idym is an d  is 
involved  in sp erm  release. A physio log ical re d u c ú o n  
in  PACAP m ay th e re lb re  p lay  a clin ical ro le in  m ale 
im po tence. O u tside  of the CNS, the h ighest con cen tra - 
tio n  of PACAP is found  in the  ad ren al g land , w h ere  
PACAP is the m ost p o te n l s tim u la to r o f ca techo lam ine  
release.

Respiratory Organs

The m ajo r effect o f PACAP in the re sp ira to ry  trac t is 
b ro n ch o d ila tio n , an  effect th a t is m ed iated  p rim arily  
th ro u g h  the VPAC1 recep to r. E xpression  o f PAC1 in 
ih is system  is un like ly .

G astrointestinal Tract

PA C A P -contain ing  en te r ic  nerve fibers are p resen t 
an d  co loca lized  w ith  PAC1 in  the  s tom ach  an d  in testine . 
PACAP is the m ajo r n eu ra l reg u la to r of gastric  acid 
sec re tio n  an d  m ay ac co u n t for the  observed  n o c tu rn a l 
increase  in secretion . VPAC1 recep to rs  are expressed  on 
the su rface o f the  D cell, w h ere  PACAP, a long  w ìth  
galan in , in h ib its  ac id  sec re tio n  th ro u g h  the  release of 
so m a to sta tin  from  the gastric  D cell (Fig. 2). A no ther 
im p o rta n t effect o f PACAP is in  the reg u la tio n  o f in tes- 
tina l m otility . PACAP ac ts  m ain ly  to p ro m o te  VPAC1 
rec ep to r-m ed ia ted  relaxation . In  the ra t co lon , PACAP 
s tim u la tes  apam in -sensitive  K+ channels , lead ing  to re- 
laxation . The m a jo r co lon ic  perista ltic  reílex  is m ed iated  
vía VIp w hereas the  d escen d in g  re lax a tio n  phase  o f in- 
testina l perista ls is  ap p ears  to  be regu la ted  by PACAP 
th ro u g h  the VPAC1 recep to r. A no ther novel effect iha t 
has b ee n  d iscovered  is rela ted  to n itr ic  ox ide syn thesis  
and  the in te rp lay  betw een  the h o rm o n es  VIP and  
PACAP, a lth o u g h  the  exact m echan ism  has n o t been 
discovered .

Foođ Stimulus

V  :......Histaraine

PACAP

Neuron

P IG U R E  2  M odel for the regulation  o f gastric acìd secretion  by 
the horm one PACAP. R eleased by neurơns o f the gastrointestinal 
enteric neural p lexu s, PACAP b inds to the PAC1 receptors of 
nearby en terochrom affin -like (ECL) cells. PACAP stim ula iion  
o f  ECL cells ư iggers the release o f  histam inc. Liberaied histam ine  
(hen b inds to h istam in e-2  rcceptors (H2R) located on the suríace  
o ísto m a ch  parietal cells, thereby regulatinggastric acid secretion .

Cardiovascular System

Sim ilar to the  re sp ira to ry  system , the p red o m in an t 
effects o f PACAP in  the ca rd io v ascu la r systera occur 
th ro u g h  sm o o th  m u sc le  re la x a tio n  th a t is m ed iated  
th ro u g h  the VPAC1 recep to r. In  the card iovascu lar 
systein , PACAP relaxes sm o o th  m uscle th rough  cAMP 
and  p ro te in  k inase  A, re su ltin g  in  hypo tension . In an- 
im als, PACAP ad m in is tra tio n  resu lts  in  a b iphasic effect, 
w ith  in itia l v asod ila tion  and  a la ter catecholam ine re- 
lease reílex  causing  an  increase  in  b lood  p ressure and 
hea rt rate . In  cu ltu re d  card iac  m yocytes, PACAP exerts 
positive in o tro p ic  an d  c h ro n o tro p ic  effects).

Imm une System

T he effects o f PACAP on  ce ll-m ed iated  im m unity  
have n o t been th o ro u g h ly  investiga ted  and  only  recen tly  
has the ex p ressio n  of PAC1 b een  discovered on 
lym phocy tes. In  m ice, PACAP stim u la tes m urine m ac- 
rophages, w h ich  in  tu rn  s tim u la te  T cell prolifera- 
tion  th ro u g h  VPAC1 recep to rs, thereby  releasing



in tc rleuk in -10  (II--10) an d  in h ib itin g  IL-6 an d  IL-12 
p roduction . VIP an d  PACAP in h ib it IL-2 tra n sc r ip tio n  
in  T cells by  in h ib itin g  C-Jun. VIP an d  PACAP have been  
show n to inh ib it n u c lea r  ỉa c to r  kB (N F -kB ) by  inh ib - 
iting p65 nuclear tra n s lo c a tio n  an d  N F-kB  DNA b ind - 
ing. In  m acrophages, VIP an d  PACAP in h ib it  in te rfe ro n  
y (IFN  y )-in d u c ed  ac tiv a tio n  o f  th e  Ja k l/Ja k 2 /S T A T / 
IRF-1 signaling  cascade.

Tumor Biology

T he m ạjority  o f the  early  w o rk  o n  p h a rm a co lo g y  an d  
signal tran sd u c tio n  re lied  on  tu m o r cells c o n s is tin g  of 
the A R42J ra t p an c rea tic  can ce r, N B -O K 1, h u m a n  as tro - 
cytom a, and  P C -12 ra t  p h eo c h ro m o c y to m a  celỉ lines. 
In  these cell system s, PACAP s tim u la te s  c-/os, c-m yc, 
and  c -jun  and  is a p o te n t s tim u la to r  o f cell p ro liíe ra tio n . 
In hu m an  lung  can ce r cell lines, PACAP s tim u la te s  
grow th . R adio ligand  b in d in g  stuclies d em o n s tra te  
expression  of rec ep to r  in  a la rge  p e rc en ta g e  o f h u m a n  
tum ors, in c lu d in g  th o se  of b reast, p ro s ta te , p ancreas , 
lung, co lon , s to m ach , an d  liver as w ell as Iỵm phom as 
and  m eningiom as.

CONCLUSIONS

PACAP is one of th e  m o s t rec en tly  d esc rib ed  n e u ro p e p - 
tides and  th e re ío re  very  little  is k n o w n  a b o u t its  func- 
tion. Its physio log ica l re levance  in h e a lth  an d  d isease is 
now  only  b eg in n in g  to be u n d e rs to o d . R ecen t s tu d ie s  of 
gene de le tion  in  m ice m ay e lu c id a te  fu rth e r  th e  func- 
tional signiR cance o f  the  PACAP h o rm o n e  an d  its 
recep to r, PAC1.

See A lso the F ollow ing A rticles

Enteroglucagon • Gastric Acid Secretion •  Secretin • 
Vasoactive Intestinal Peptide (VIP)
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Pneumatosis, Benign and Serious
P u n i t a  G u p ta  a n d  R o y  M c C a u le y  

T u fts —N e w  E n g la n d  M edica l C e n te r

h c m a to c h e z ia  Passage o f  b lo o d y  stoo ls. 
ly m p h a n g io m a  W e ll-d r c u m sc r ib e d  n o d u le  o f  ly n ip h a tic  

vessels; the vessels vary in size, are usually greatly 
d ila ted , and are lin e d  w ú h  n orm al en d o th c lia l c e lls . T h ey  
are most írequently found in the neck, axilla, arm, 
m esen tery , and  retrop eriton eu m . 

necrotizing enteroco litis E x ten siv e  u lcera tio n  an d  n e c r o s is  
o f  the ileu m  and  c o lo n  in  p rem atu re in fan ts in  the  
n eo n a ta l period; p o ss ib ly  d u e to perinatal m testin a l 
ischem ia and bacterial invasion. 

p n e u m o p e r ito n e u m  P resen ce  o f  air or gas in  the p er ito n ea l 
cav ity  as a resu lt o f  d isea se , b u l can  a lso  be artiR cially  
p ro d u ced  ( ì .e ., p o stsu rg ica l in ierv en tio n ). 

pseudomem branous c o lit is  In íla m m a ú o n  o f  the sm a ll and  
large b o w e ls , w ith  the  íb rm ation  and p assage o f  
p seu d o m em b r a n o u s m ateria l in  the s to o ls  u su a lly  
se co n d a r y  to C lo s tr id iu m  d ijfic iie  tox in . 

te n e s m u s  P ainfu l sp asm  o f  the anal sp h in cter , ca u sin g  an  
u rg en t desire  to evacu ate  the b o w e l or b lad d er and  
in v o lu n ta ry  stra in in g , w ith  the p a ssa g e  o f  litt le  fecal 
m atter or  u rin e . 

vohoilus T w istin g  o í  the in te s t in e , ca u sin g  o b stru c tio n .

P n e u m a to sis  in te s t in a lis  is  d efin ed  as m u ltip le  su b m u co -  
sa l, su b ser o sa l, or m u scu la r is  gas-filleđ  c y s ts  in  th e  vvall o f  
th e  g a str o in te stin a l tract from  th e  sto m a c h  to  the rectu m . 
O rig in a lly , th ese  in tram ural c y s ts  w ere  re íerred  to as 
p n eu m a to s is  c y s to id e s  in te s t in a lis , b u t b eca u se  a lin ear  
an d  cu rv ilin ea r  d is tr ib u tio n  o f  the c y s ts  a lso  e x is t s ,  the  
term  “p n eu m a to s is  in te s t in a lis” is  n o w  u sed  to in c lu d e  a ll

in tram ural gas c o lle c t io n s . T he m o st  coraraon lo ca tio n s  
for  th e se  c y s ts  are, in  order o f  p rev a len ce , the je ju n u m , 
ile o c ec a l reg io n , and  co lo n . O thcr str u c tu r es  th a i can be  
in v o lv ed  in c lu d e  th e  m e sen ter y , p er ito n eu m , and  
fa lc ifo rm  ligam en t.

IN T R O D U C T IO N

P neum atosis  in testina lis  (PI) is an u n co m m o n  condi- 
tio n  tha t has the h ighest inc idence in the fourth  th rough 
seventh  decades of life. PI is u sua lly  an unexpecteđ  
E nding  on p la in  abdom inal and  b ariu m  radiographs 
and  is generally  a ben ign  cond ition . In fact, it is the 
m ost com m on cause of ben ign  pneum operitoneum . 
H ow ever, w hen associa ted  w ith  fu lm in an t conditions 
such  as h em o rrh ag e  or in testina l n ecrosis , PI has serious 
im plica tions. In  neona tes, p n eu m ato s is  is írequently  
associa ted  w ith  necro tiz in g  en teroco litis  (N EC ). As a 
resu lt, it is im p o rta n t to recognize tha t the prognosis 
o f p a tien ts  w ith  PI is a fu nction  of the ir underly ing 
co n d itio n  and m anagem en t sh o u ld  be based  on  clinical 
g rounds.

P A T H O G E N E SIS

T he cause of pneum atos is  m ay be p rim ary  o r secondary. 
T he p rim ary , or id iopath ic , to rm  is n o t associated 
w ith  any o ther lesions an d  u sually  cìoes n o t require



TABLĨÌ I Pulm onary C ond itìons A ssociated w ith 
Pneum atosis ln te stin a lis

C hronic obsiructivc p u lm on arv  d iseasc  
Àst hma
Cvstic íìbrosis (vvith p ancreaiic involvem e.nl)
H igh-p rcssnrc p u ImonarV Vcnti 1 ation  
C hcsi irauma

trea im en t. The seco n d arv  Form has a varie tv  o f causes. 
T he m aiority  oí cuscs, \vh ich  are b e n isn , a re  associa ted/ o
vvitỉì eh ro n ic  o b siru c iiv e  p u lm o n a rv  đ isease  (c.g., cvstic 
íìbrosỉs) o r lhe L innìunucoìiip ron iiscd  State, (i.e ., AÍDS, 
hu»h-ảobe b ic io iđ  ỉrea tm e n t, OI c h e m o ih e ra p v ). T he 
Uìotv S-:TK)U:> arc d ass ica liv  le ia ied  lo conclitions 
ị lì;U iAUt.se ỈH‘VvCÍ IS( hcm ỉa. A variciv  oí re la ted  pu lm o - 
ỉi<t.ĩ ỵ and  guM iO Ìnỉtsim al (Gỉ.) d iso rd c rs  a re  lis ied  in 
Tabie ì and  T ab le  II. in the ap p ro p ria te  d in ic a l se u in g , 
ihí>c v.ondiiions sh o u ld  be co n s id ered  in the  diíTeren- 
tiaỉ d iagnosis oí p n eu m ato s is  in iestinalis .

The đcíinins* p a th o g en csis  o f p n cu m ato s is  is un- 
kíỊOVvi':, bu i shovvn in Table 111, several ih eo ries  
ỉu*V0 ĨXVI: P á-poscd . The p ro p o scd  n iech an ism s can 
be suiirinaỉ Ì.-Ctỉ as iolkívvs:

e Prunary: id io p a ih ic  cvsts lencl lo reso lve sp o m a n e- 
ousỉv, buí can so m c iim es  recur.

3 Secondarv:

A. T he m ucosal d is ru p tio n  h v p o th csis  suggests tha i 
gas írom  the bow cl lu m e n  ad jacen t to the dam aged  
m ucosa d issec ts  u n d e r  p ressu rc  a lo n g  the tissue spaces 
in io  the iìU estm aỉ wall. D islan t sp read  is th o u g h t to  
be ih rough  the m esen tery . T he m echan ism  íbr P1 in 
co llagen vascu iar d iã o rd e rs  is u n c lea r, b u i  is likely  re- 
lated to vascu litis  tha i even tua llv  resu lts  in  m ucosal 
d isru p iio n .

B. A n o ih er m e ch a n ism  suggests th a t the in te s tin a l 
vvall is p en e tra ted  by g as-fo rm ing  o rgan ism s. F o r exam - 
p le, in  bow el ischem ia, th e re  is m ic roscop ic  in íìỊtra tỉo n  
o f p o ly m o rp h o n u c lea r  le u k o cy te s  w ith  d eb ris  co n ta in - 
ing  bac teria . A lthough  th is  th eo ry  is based  o n  s tro n g  
c lin ical an d  ex p e rim en ta l ev idence, m ost cases o f PI 
are n o t re la ted  to in íe c tio n , an d  m ost cyst ru p tu re s  
do  n o t p ro d u ce  p e rito n itis .

c. B acterial le rm en ta tio n  o f carbohyclrates m ay re- 
s u lt  in h igh  in tra lu m in a l h y đ ro g en  ten sio n . T h is hyd ro - 
gen cliíĩuses in to  the in te s tin a l vvall and  a ttrac ts  
n itro g en , oxvgen, and  ca rb o n  d io x id e  from  the b lood . 
As a resu lt, an  in tra m u ra l bu b b le , o r  cyst, is crea ted , 
co n s is tin g  o f  n itro g e n  as th e  O ther gases get absorbed .

D. A ih eo ry  tha t ex p la in s  the p u lm o n a ry  cau ses of 
P1 is th e  d issec tio n  of a ir  from  a ìveo lar ru p tu re  along  the 
b ro n c h o p u lm o n a ry  b u n d le s  in to  the m ed ias tin u m , 
track in g  a lo n g  the m ạ ịo r b lo o d  vessels in to  the  re tro - 
p e rito n e u m , and then  a lo n g  the m esen te ric  vessels lo 
the visceral su ríace  oí th e  bow el.

E. In creased  bow el w all p e rm eab ility  clue to loss of 
s tru c tu ra l in teg rity  from  th e  sh rin k ag e  oí subm ucosa l 
lym phoid  tissue is a m ech an ism  p ro p o se d  to exp lain  
Pl in  ìm m u n o co m p ro m ised  patien ts.

PA TH O LO G Y

O th e r  nam es ío r PI, cystic  ly m p h o m ato s is  and  
en te ro m esen te ric  em p h y sem a, a re  based  o n  p a th o lo g ic  
appearance . G rossly , the cysts resem b le  cystic lym - 
p h an g io m as, hydatid  cysts, o r  sessile po lyps. A th in  
layer o f en d o th e ỉia l o r  sim p le  cu b o id a l ep ith e lia l cell 
lines the cysts. T he d ia m e te r  o f  the  cysts can  vary, 
if th e  cysts grow , from  a few m illim e te rs  to a few 
cen tim ete rs . O n c ro ss-sec tion , the cysls can  have a

ĨABLE H Gí C on d itio n s A ssociated vvith P neum atosis  ln te stin a lis

ÌUU'SŨn3ỉ obs íì'uctioi 1 

Al ULC RCCI OLIZìiìb» CilLt TOt-Oí’.liS
C bronic in íỉam m aiorv b ow cỉ d isease (C r o h n s  d isease, u ỉcerative co litis )
H irschsprung?s discase  
Perforatecl d iVert i cu  1 um
A p p e n d i e i i i s

COiỉagcn Vãsculai d isoru crs U cletod erm a, đ erm atom yosù is , lu p u s)  
hrniurĩocom prom iseci (in ics ìin a ỉ gra íi-vs.-h osi d iseasc. organ transplantation , Biliary stent períoration

L-Iir.; iiìá ìiu n  Li iiiisplaĩìLiUion, AỈD.S, oieroicis, ch cm oih erap y) Sclerotherapy
C viom cgaiovịrus in íecu o n  oi the in icsiin a l m ucosa  ỉn testinal clvsm otiỉity

• n:iì •• A iA  lubcìxuìvĩsis N > 0  anesthesia
U ia.)d;c en icropathv Treatnient w ith  lactu lose

Systẹm ic a m y 1 oi o sis

W h ỉp p le’s  d iscase
V olvu lus oi' stom ach  and sigm oid  co lon
ln testinal lym ph osarcom a, leu k em ia , H o d g k in s  clisease
Enteric íeed ing  Via n eed le  catheter jeju n ostom y
Jejunoileal bypass for ob esity
Postsurgical b o w el an astom osis
A bdom inal trauma
M ucosa dam agc from  cau stic  agent in gestion  
Alter s ig m o id o sco p y , c o lo n o sc o p y , or en d oscop y



TABLE III M echanism s of Pneum atosis In testinalis

I. Primary
Idiopathic

II. Secondary
A. Mucosal disruption

1 . lncreased  intralum inal gas prcssure
2. V asculitis

B. Intestinal w all penetration  by organism s 
c. Carbohydrate íerm entation
D. R etroperitoneal air dỉssec-tion from lungs
E. D ecreased subm ucosal lym phoid tissue

“h o n ey co m b ” ap p earan ce  w ithou t co m m u n ica tio n  to 
the bow el lum en . T h is can  be difficult to d is tin g u ish  
from  d ila ted  ly m p h a tic  channels, vvhich have a sim iìar 
appearance. T he connective  tissue su rro u n d in g  the 
cysts usually  consists o f in ílam m atory  changes. A fi- 
b ro tic  reac tio n  can o c c u r  if the cysts do n o t sp o n tan e- 
ously  resolve, lead in g  to  th e ir obliteration . u ltim a te ly , 
th is can  lead to a rig id  or dysíunctional in testin a l wall. 
P u n c tu re  of these cysts d u rin g  b iopsy resu lts  in  th e ir  
co llapse and  som etim es a “popp ing” sound . A lthough  
variab le, the  p a tte rn  o f the  in tram ural cysts can  aid in 
d is tin g u ish in g  the cause. A bubbìy patiern  is m ost com - 
m on  in  necro tic  bow el, w hereas, in non -liíe -th rea ten in g  
causes the  cysts are u sua ỉly  weỉl localized, larger, and 
m ore spherical. T hey  also tend to assum e a lin ear o r 
c lu ste rlike  pattern .

S IG N S A N D  SYM PTO M S

S ym ptom s are n onspeciíìc  and o íten  depend  on  the lo- 
cation  of the cysts an d  the extern of bowcl involvem ent, 
especially  in  the p rim ary  form. Colonic cysts are com - 
m o n  in  the p rim a ry  form  and can resu lt in  cram py  ab- 
d om ina l pain , h em atochezia , m ucus in stools, w eight 
loss, d ia rrh ea , tenesm us, and ílatus. S teatorrhea has 
b een  rep o rted  in  id io p a th ic  small bow el cysts, b u t ab- 
d o m in a l d is ten sio n  an d  vom iting  are m ore co m m o n  
w h en  th e  sm all bow el is involved. In ihe secondary  
form , sym ptom s are u sua llv  rcìated  to the associated  
disease. Cyst ru p tu re , usually  Irom the sm all bow el, 
is the m ost co m m o n  cause oí nonsurg ical p n eum o- 
p erito n eu m  th a t is n o t p roeedure  rclated . In hea lthy  
p a tien ts  w ith  vague abdom inaì com plain ts an d  free 
air u n d e r  the d iap h rag m , vviihout e.vidence of a perfo- 
ra ted  viscous, Pĩ sh o u ld  be suspecied.

In  3% of the cases, ind ications require im m ed ia te  
in te rv en tio n . T hese in c lu d e  volvulus, obstru c tio n , hem - 
o rrhage, and  in te stin a l perío ration . Pcritonitis can also 
occu r, b u t is u n u su a l. W h en  PI com plicates in testinal 
ischem ia o r p seu d o m em b ran o u s colitis, it sh o u ld  be 
regarded  as an o m in o u s sign. In neonates, one oí the

se rio u s causes of PI is N EC . T hese  bab ies o ften  p re se n t 
w ith  em esis, íeed in g  in to le ra n c e , ab d o m in a l d is ten s io n , 
increased  gastric  re sid u a ls , a n d  b lo o d y  stoo ls. N o n e th e -  
less, the physical exam  can  b e m islead ing . T h e  p rese n ce  
of ab d o m in al free a ir  can  cause  th e  a b d o m e n  to  be 
tym pan itic . F ree a ir  b e tw e en  the  liver an d  d ia p h ra g m  
m ay obscure  n o rm a l liver d u lln e ss  on  p ercu ss io n . If the 
cysts are large, they  m ay p re se n t as a p a lp ab le  m obile  
m ass. Cysts in  the rec ta l w all can  even  be felt as firm  
n o d u les  d u rin g  a rec ta l exam .

D IA G N O S IS  

Adults

U p rig h t o r d e c u b itu s  p la in  ab d o m in a l rad io g rap h  or 
ba riu m  s tu d ies  an d  co m p u te d  to m o g ra p h y  (C T ) u sua lly  
in itially  suggest the  d iagnosis. O n  p la in  rad io g rap h s , 
p red o m in an tly  lin ear o r  se g m en ta lly  c lu s te re d  in tra n m - 
ral air is seen  (see Fig. 1). T he cystic p a tte rn  d o es no t 
consisten lly  co rre la te  w ith  the  severity  of PI, b u t the 
location  m ay suggest a n  u n d e rly in g  c o n d itio n  o r  p re- 
d isposing  factor. In the  gastric  w all, lin e a r  p n eu m ato s is  
sh o u ld  raise the  q u e s tio n  of gastric  o u tle t o b s tru c tio n  or 
m ucosal d is ru p tio n  from  p r io r  in tu b a tio n . A m o ttled  
cystic p a tte rn  has b e e n  asso c ia ted  w ith  p h le g m o n o u s  
gastritis. Sm all bow el cysts have been  asso c ia ted  w ith  
co llagen  vascu lar d iseases. C o lo n ic  cysts  are  co m m o n  in 
ihe id io p a th ic  form , b u t are also  p rese n t in  the se ttin g  o f 
co litis and  ischem ia. T h e  la tte r  b eco m es a grave sign  
w hen  associa ted  w ith  p o rta l v e n o u s  gas (see F ig. 2).

F IG U R E  1 Plain ỉrontal radiograph o f  the abdoraen. The- ar- 
row heads p oin t to a linear pattern OÍ PI secondary  to inílam m atory  
hovvcl d iseasein  ih is2 2 -y ca r -o ld p a tien tco m p la in in g o fa b d o m in a l 
pain. Aíter steroid  treatm ent, thc p atient’s p a ln  reso lved  and she  
vvas discharged hom e. R adiograph cou rtesy  o f  Dr. S tephen  Bloom .



F1GURE 2 Axial abdominal CT image w ithout contrast. Portal 
venous gas is present throughout the hepatic veins in ihis 54-ycar-old 
íemale wlth sepsis (arrowhead). Shortly, aíter obtaining the CT, 
the patient continued to decompensate, developed shock, and 
then expired.

P ro c ed u res  sụ c h  as co lo n o sco p y  o r s ig m o id o sco p y  can 
re su lt in  lin ea r co lo n ic  cysts. A ir b e tw e e n  th e  ỈDOwel 
loops m ay re p re se n t free air from  a ru p tu re c l cyst, bu t 
a large m e sen te ric  cyst ca n  have a s im ila r ap p e aran c e . In 
the p resen ce  o f iso la ted  PI an d  p n e u m o p e r ito n e u m , 
id io p a th ic  cyst ru p tu re  o r ru p tu re d  p u lm o n a ry  alveoli 
fro in  p r io r  genera l an e s th e s ia  a d m in is tra tio n  sh o u ỉd  be 
c o n s id ered . P u lm o n ary  causes o f PI also  te n d  to be tran - 
s ieu t. O n  b a r iu m  s tu d ie s , ra d io lu c e n c ie s  in d e n t the bar- 
iu m  c o lu m n  as they  lin e  th e  in te s tin a l w all, re su ltin g  in  a 
sm o o th  a n d  u n d u la tin g  m arg in a l p a tte rn . C T  w ith  
lu n g  w in d o w s is p ro b a b ly  the m o st se n s itiv e  too l in

ev a lu a tin g  PI (see Fíg. 3). U ltraso u n d  (ƯS) ìs an o th e r  
m o d a lity  th a t can  be u se d  to m ake the d iagnosis. O n 
so n o g rap h y , the in tra m u ra l bubb les are seen  as 
h y p erech o ic  s tru c tu re s  w ith  shadow ing , som etim .es re- 
ferred  to as th e  “circ le  s ig n .” M agnetic reso n an ce  im ag- 
ing  (M RI) can  also a id  in  th e  d iagnosis.

Pediatrics

N EC  is a co m m o n  GI em ergency  in  neo n a tes . The 
m o st co m m o n  risk  ía c to r  is p rem a tu rity . PI is p rese n t in  
75%  o f p a tien ts  w ith  N E C  and  sh o u ld  be co n s id ered  a 
d iag n o stic  sign  in  th e  ap p ro p ria te  c lin ical sc tting . AI- 
th o u g h  rare , p a tien ts  w ith  N EC  can also have a ir in  the 
gastric  w all, k n o w n  as p n eu m ato s is  gastra lis , o r em phy- 
sem ato u s gastritis. N o in d iv id u a l labo ra to ry  fea tu res are 
d iag n o stic  o r specific for N E C , w hich  is w hy abdom inal 
rad io g rap h s  rem ain  essen tia l in  the d iagnosis a n d  m an- 
agem en t o f N EC  (see Fig. 4 ). T he p rese n ce  o f PI is 
co n s id ered  a rela tively  early  stage of N EC  an d  can  pre- 
cede the c lin ical R ndings by several h o u rs . T he bubbly  
in tra m u ra l gas co llec tio n s can  be con íused  w ith  s to o l or 
m eco n iu m  in  a n o rm al co lon . P rone view s o r fo ilow up 
rad io g rap h s  can  h e ip  to  m ake  th e  d is tin c tio n . In  N EC , PI 
m ost co m m o n ly  invo lves th e  te rm in al ileu m  an d  colon. 
It is u sua lly  associa ted  w ith  d ila ted  bow el loops an d  an 
asym m etric  bow el gas p a tte rn . The cystic in tra m u ra l

FIG Ư R E  3  Axial abdominal CT image with contrast. Pneumat- 
osis is present throughout the dilated large and small bowel 
(arrowheads) in this 45-year-old male w ith  ischem ic bowel sec- 
ond.iry to iníection. The patient was adm itted and treated with  
antibiotics. Clinically, the paúent im proved and was eventuallv 
discharged home.

FIG U R E 4  Plain frontal radiograph of the abdomen. This pre- 
mature iníant presented vÁth abdominal distension. Note the đif- 
íuse pneum atosis throughout the bowel wall. The baby was treated 
for NEC.



p a tte rn  m ay p resen t as lin ear stripes, a ring , o r  a local- 
ized cluster. If it occurs in  a mo re diffuse p a tte rn , it 
sh o u ld  be a m ark e r for a m ore serious concliiion. llcal 
involvem ent of PI can also síniư late m eco n iu m  ilcus. 
Portal venous gas is usually  associated  w ith  the m ore 
severe cases of NEC an d  heralcỉs surgical in te rv en tio n . 
S onography of the portal vein  cluring N E C  will o lten  
show  bubb les of gas traveling  in to  the liver, vvhere they  
collect an terio rly , g iving a characteristic  ech o g en ic  loss 
o f deíìn ition  of the no rm al liver struc tu re .

C olonic Pỉ has also been associa ted  w ith  
H irsch sp ru n g s  disease. T he presence of p e r in a ta l P1 
sh o u ld  also raise the question  C)f congen ita l ca rd iac  
anom alies such  as hypop lastic  leít heari. P a tien ts  vvith 
PI w ho are m ore likely to have a poor o u tco m e are  those  
w ith underly ing  congen ita l hea rt d isease an d  lissue 
transp lan ts . G raft-versus-host disease, co litis , and  
bow el ischem ia are also om inous p rec ed in g  events. 
C on trasl enem as, w hich  arc not ro u tin e ly  p e ríò rm e d  
because of the risk  of p e río ra lio n , especially  in  N EC, 
show  m ucosal irregularity  and eclema. A dditiona l 
causes of pediatric. Pĩ inclucle com plications o f chem o- 
th e rap y  for leukem ia and  lym phom a and  ca rd iac  su r- 
gery (as listed  in  Table IV). T he clisappearance of PI or 
p o rta l v enous gas does n o t alw ays co rre la ie  w ith  clin ical 
im provem ent. The on ly  universally  agreed  in d ica tio n  
for su rgery  w h en  clin ical susp icion  of N EC  is h igh 
is p n eu m o p erú o n eu m , w hich  is noi alw ays p rese n t 
in aỉl babies w ith  a p e ríb ra tion .

Several cond itions m ay be included  in  th e  d iffe ren - 
tial d iagnosis o f PI. Hovvever, the p resence  o f speciíic  
secondary  findings h e lp s  to diíTerentiate PI. F o r ex a n v  
ple, u n ỉik e  PI, en te ro g en o u s cysts are u su a lly  single. 
N odu les of lym phosarcom a may clin ically  resem b le  
PI, b u t on  im aging  s tu d ies  they are n o t rad io lu cen t. 
The reversib le th u m b p rin t-lik e  deío rm ity  o f the m esen- 
teric b o rd er  in  bow el ischem ia can so m c tim es  bc 
m is in te rp re ted  as PI. ln íec tio u s eiio log ies 01' p s e u đ o  
m em branous colitis sh o u ld  bc co rre la ted  w ith  the 
clin ical p resen ta tio n . M ucosal po lyps on  b a r iu m  stu d ies  
resu lt in  in tra lu m in a l íilling  deíects as o p p o se d  to the

TABLE IV Pediatric C onditions A ssociated w ith 
Pneum atosis Instestinalis

N ecrotizing en teroco liù s (usually  invoỉves ihe tcrniinal iỉevim.
colon)

H irschsprungs disease
C ongenital cardiac anom alies (Ì.C .. hypoplasiic lefi hcart) 
G raĩt-versus-hosi disease 
Ischem ic bow el
Postchem otherapy for leukem ia and Ivniphoma  
Postcarđiac surgery

sm o o ih , sca lloped  m arg in s  o f Pl. CrohiVs co liiis  ancỉ 
u lce ra tiv e  co litis  also resu lt in b a riu m  íilling đ e íee is , 
b u t w ith o u i cvstic lucencies. ít is im portiin t to re a ììie  
ih a t any  o f the re la ted  co n d iiio n s  m cnũonecỉ here can  be 
in c lu d ed  in the  d iffe ren tia l assessm erìt oỉ Pỉ. hu t iì is the 
c lin ical se ttin g  tha t shoưlcl g u ide  the co n x c t d ia g n o sis

M A N A G E M E N T  A N D  C O N C L U S IO N

PI is  g e n e r a l ly  a n  a s y m p t o m a t i c  b e n ig n  e n t i ty ,  b u i  o n  

rare  occas ions can aỉso be scrious. l a  the absence  oỉ 
in te stin a l in ílam m alio n  o r necrosis  o r a high \vhiie 
b ìo o d  c o u n t, and  w iih  a b en ign  physical exam , consov 
vativc tre a tm e n i is saíc. H yperbaric  oxv-^cn lo decoỉìì 
p rcss  the  cysts and  a n t ib io ik s  havc (lemonsiriitiNÌ -0 in<. 
c ííic ac ), bu i vvatchív.ỉ m anagem cn t C;U1 be su iíìc ien i. 
W h e n  a lile - th re a te n in g  co m p lica tio n  such as bo\vel 
p e rĩo ra iio n , o b s tru c tio n , h cm o rrh ag e , 01* im esũ n a l is- 
ch em ia  o cc u rs  in  th e  seĩtittQ, of P1 in ih r  iKÌuh o r  pedi- 
a ư ic  p o p u la tio n , im m ecỉinie ^u r^ ira l inií’i v en iio n  n u \  
be cruciaỊ to the  paiienT s ou tcom e.
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ing o f  their participation in the life o f the cell has been 
many years developing. W ith every discovery of another 
biologicaỉ íunction that requires them, an entirely new  
interdependent sct o f cellular reactions previously unsus- 
pected is found. This article attempts to describe the cur- 
rent know!edge of polyam ines in the cellular physiology 
of the gastrointeslinal mucosal epithelium.

1 N T R O D U C T IO N

A B r ie f  H is to r y  o f  P o ly a m in e  D is c o v e ry

D u rin g  ihe  p e r io đ  o f thc Scientiíic R evolution , 
A n to n ie  van  L eeu w en h o ek , using  an  early  m icroscope , 
began  to  e x p lo re  th e  p rev iously  inv isib le w orld  o f var- 
io u s p la n t an d  an im a l sam ples. In 1678, he w rote a now  
ían io u s  le tte r  to  th e  Royal Society o f L ondon  in  w h ich  he 
re p o r ie d  o b se rv in g  sp e rm  as well as a slow ly crysta l- 
liz in g  su b s lan ce  in  h u m a n  sem en. Tw o h u n d re d  íorty- 
six  y ears  la te r, the  "slow ly crysta lliz ing” substance w as 
id e n liíied  as sp e rm in e  ph o sp h a te  and  the le tte r becam e 
the  e a rlie s l d o c u m e n te d  rec o rd  o f a po lyam ine.

As c h e m is try  evolved  [rom  alchem y, the gases oxy- 
gen , c a rb o n  d io x id e , an d  n itrogen  w ere ừ ac tio n a ted  
[rom  air. M e th o d s w ere developed  for th e ir analyses 
an d  s iu d ie s  o f o x id iz ed  a n d  red u ced  n itro g en  (arnm o- 
n ia) fo llow ed . In 1838, F. W o h le r c o n v e rle d a m m o n iu m  
cyanaie  to  u rea . H is s tu d ies  led to the detec tion  of n i- 
iro g en  in  m o re  co m p lex  co m p o u n d s  su ch  as uric 
ac id , a lla n to in , a n d  asparag ine  an d  estab lished  organ ic  
c h e m is try  as a n ew  fìeld  of chem istry . O rgan ic chem is- 
trv, in  lu rn , rev ea led  the  s tru c tu re s  o f the  am ines 
an d  p o ly a m in e s  an d  resu lled  in  the dev e lo p m en t of 
o th e r  b ra n c h e s  o f  ch em is try , i.e., analy tical chem istry , 
p h arm a co lo g y , b io ch em is try , m icrob io logy , an d  im m u- 
no logy . T he b ee r a n d  w ine in d u strie s , search in g  for new  
m e th o d s  to  im p ro v e  íe rm en ta tio n  and  avoid spoilage, 
iso la ted  ancì id cn tif ied  the basic am in o  acids a rg in ine , 
ly sine , an d  o rn ith in e  and  o th e r  am ino  acids so o n  fol- 
lowecl. O th e r  k ey  d isco v eries  w ere th e  s tru c tu ra l ro le of 
n itro g e n , an  o rn ith in e  cycle in m am m alian  liver, and 
speci.Bc am in o  ac id  decarboxy lases an d  oxidases. Sper- 
m ine , ca d av c rin e , p u tre sc in e  an d  sp e rm id in e  w ere



iden tiíìed  in  1881, 1886, 1889, and 1927, respectively . 
After that, fu rthe r p rogress tow ard u n d ers tan d in g  the ir 
b io logical functions sta lled  un til the 1960s w h en  bio- 
chem ists began to investigate  ihe s tru c tu re  o f poly- 
am ines in  rela tion  to the ir effects on o rgan  íu n c tio n , 
an im al m etabolism , an d  n iitrition . Research on poly- 
am ines has greatly  acce lera ted  in recent years. O ver 
the period  2001 to 2002 alone, the N ational L ibrary 
of M edicine lists m ore than  1000 reports d ea lin g  w ith  
polyam ines.

The au th o rs  have bo rrow ed  m uch of ih is sh o r t his- 
tory of po lyam ines from  the ir íirst observa tion  to the 
period  end ing  w ith  W o rld  W ar II from a d e ta iled  tim e- 
line pub lished  as an  app en d ix  in the 1998 b o o k  Poly- 
amínes by Seym our s. C ohen  (see P urther R eading).

The Distribution of Polyamines in Nature

O riginally , b io logists thought that sp e rm in e  was 
found  only in  h igher eukaryo tes and tha t p ro k ary o tes  
had  only p u tresc ine  and  sperm idine. As an  inc reasing  
variety  of m icrobes, p lan ts, and anim als w ere investi- 
gated, m any excep tions appeared. For exam ple , in  pro- 
karyoúc  the rm oph ilic  m icrobes, nucleic ac ids are 
d is to rted  by hyd ro g en  bond in g  at the te m p era tu re s  at 
w h ich  they live (65 — 75° C) and p ro te in s  can  be 
syn thesized  only  w h en  the nucleic acids are b o u n d  to 
sperm ine. Some haloph iles living in very -h igh-salt en- 
v ironm erus lack  po lyam incs entirelỵ. E ukaryo tic  p ho to - 
syn the tic  algae, yeast, and slime m o ld s  con tain  
pu tresc ine  and  sperm id ine  bul oftcn do n o t con ta in  
sperm ine. S perm ine is absent in p ro tozoa an d  sh rim p  
b u t p resen t in  m ollusks, arth ropods, ech in o d erm s, and 
tun icates. U nusual polyam ines, i.e., hyd ro x y p o ly a- 
m ines, b ranched  te rtiary  polyam ines, and  q u a te rn ary  
polyam ines, are fou n d  in  prokaryotic th e rm o p h ilic  
m icrobes and  in som e eukaryotic  anim als. E ven m ore 
unusual are two eukaryotes, the plant Arabidopsis thali- 
ana and  the p ro to zo an  Trypannsoma cruz i, n e ith e r  of 
w h ich  has o rn iih in e  decarboxylase (O D C ), the  rate- 
lim iting  enzym e tbat Controls the b io sy n th esis  of 
polyam ines. P u trescine, sperm idine, an d  sp e rm in e  
are p resen t in all cells of all vertebrates.

BIOCHEM ISTRY

Polyamine Structure

T he four basic po lyam ines in m am m als an d  in  
h u m an  are pu tresc ine , cadaverine, sp e rm id in e , and  
sperm ine. P u trescine and  cadaverine are p rim ary  dia- 
m ines, 1 ,4 -d iam inobu tane, and 1 ,5 -d iam inopen tane , 
respectively. C adaverine is usually  a p ro d u c t of bac te ria  
in the gut. S trictly  speaking , ihe d iam ines a re  nol

po lyam ines, b u t they are o ften  m cluded  w ith  the po ly- 
am ínes for the sake o f conven ience . S perm id ine is a 
triam ine and sp e rm in e  is a te tram ine . Both c o n ta in p r i-  
m ary  and seco n d ary  am in es  (R iR ^N H ). O th er n a tu ra l 
po lyam ines th a t in c lu d e  te rtia ry  (R 3) an d  q u a te rn a ry  
(R4N +OH) am ines have b ee n  found  as have m oie ties 
w ith  one ca rbon  less th a n  the  usual 1 ,4 -d iam in o b u tan e , 
called  n o rsp erm id in e  o r  n o rsperm ine .

B iosynthesis o f the Polyam ines

T hree key enzym es, all w ith  sh o rt half-lives, are re- 
sponsib le  for the  b io sy n th es is  of the n a tu ra l po lyam ines, 
pu tresc ine , sp e rm id in e , an d  sp e rm in e  (see Fig. I). 
The th ree  enzym es are O D C , S -adenosy lm eth ion ine đe- 
carboxylase (A doM etD C ), an d  sp e rm id in e /sp erm in e  
acety ltransíerase . O D C is the  ra te -lim ú in g  enzym e be- 
cause, by d ecarb o x y la tin g  o rn ith ìn e  to syn thesize  
pu tresc ine , it  p ro v id es  b o th  an  active po lyam ine an d  
a p rec u rso r o f o th e r  po lyam ines. A doM etD C  d ecarbox - 
y la tes S-adenosyl m e th io n in e  to m ake sperm id ine by 
transferring  its am inopropy l m oiety  to pu tresc ine  and , 
by ano ther am inopropy l transfer to sperm id ine, to m ake 
sperm ine. S perm id ine /sperm ine acetyltransferase regu- 
lates polyam ine in te rconversion  and  allow s cells to ad just 
the levels of the th ree  po lyam ines. The h igher eukar- 
yotes also have an o th e r  p a th w ay  by w hich , w ith  acety- 
la tion  and  o x id a tio n , sp e rm in e  can  be co nverted  to 
sperm id ine an d  sp e rm id in e  to p u tresc in e . S perm id ìne 
syn thase, sp e rm in e  syn thase , an d  po lyam ine ox idase, an  
enzym e tha t ox id aú v ely  sp lits  the m onoacety l deriva- 
tives of sp erm id in e  an d  sp e rm in e , are  usually  p resen i in  
excess and  are n o t ra te -lim iú n g  u n d e r physio log ical 
cond itions. In  n o n tu m o rig e n ic  rap id ly  d iv id ing  cells 
such  as em bryonal cells a n d  g u t m ucosal cells, ODC 
synthesizes tra n s ie n t h ig h  levels of pu tresc ine . In  non- 
p ro liĩe ra ting  cells, A doM etD C  prov ides a basal level of 
pu tresc ine  by co n v e rs io n  from  sp erm id in e . R esearch on 
the s tru c tu re  o f O D C h as show n  that ìt is a d im er o f  52  to 
5 5 k D a  su b u n its  and is vvell conserved  in eukaryo tes 
from  fungi to hu m an s. In ad d itio n , it has been  crystal- 
lized  and  found  to be a g ro u p  IV py ridoxal p h o sp h a te - 
đ ep en d en t enzym e.

PO LYAM INE R E G U L A T IO N

H ow Is ODC Regulated?

T he resp o n se  of ODC to h o rm o n es  or g row th  íaciors 
in tissues an d  cu ltu red  cells is typically  a rap id  10- to 
100-fold increase  in  O D C ac tiv ity  fo llow edby  an  equally  
rap id  decrease even before the cells beg in  DNA 
synthesis. T he speed  an d  ex ten t of ihese responses 
w ere unexpected  an d  in v estig a to rs  have w ondered
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F IG U R E  1 The b io sy n ih esis  o f  the m ajor p h ysio log ica l p o ly a m in es and their precursor, putrescine. 
The p o ly a m in es are sh o w n  in shorthand representation , i.e ., p u tresc in e  is H iN C H T C t^ C l^ C H iN H i. 
T hus, p u iresc in e  has 4 CH grou p s, sp erm id in e has 7, and  sp erm in e has 10. T h ey  carry tw o, three, and 
four p o sit iv e  charges that reílect the strength  o f  their ab ility  to b ind  to an io n s. T he en zym es involved  in 
the rcaction s are num bcrcd. R eprinted from M cC orm ack, s. A., Ray, R. M ., a n d J o h n so n , L. R. (2 0 0 2 ). 
P olyam in es in  in testina l cp ith e lia l restitution . ỉn “G astroin testinal M ucosal Repair and E xperim cntal 
T h erap eu tics” (C .-H . C h oan d J .-L . W ang, ed s.) , 3rcl Ed., V ol. 1, pp. 4 3 —56. K arger, Basel, Sw itzerland, 
w ỉth  p crm ission.

hovv the su d d e n  d ec reases  in O D C  a n d  p o ly am in es  are 
co n tro lled  espec ia lly  since  p ro lo n g e d  h igh  leveís of 
po lyam ines a re  to x ic  to cells. Several re g u la to ry  p roces- 
ses for the  p o ly am in es h ave b een  p ro p o se d , i.e., negative 
íeeclback and  rep re ss io n , an tizym es, an d  seg reg atio n  by 
m acrom olecu les. N egative ĩeed b ack  a n d  re p ress io n  is a 
p rocess co m m o n  to m a n y  enzym es. In  th e  case o f O D C , 
negative íeedback  is m e d ia ted  th ro u g h  tran s la tio n a l ex- 
p ress io n  at the  3 '-u n tra n s la te d  reg io n  o f O D C  mRNA. 
A niĨ2ym es, an a lo g u es a n d  sư ic ide  in h ib ito rs  o f O D C , 
are novel en d o g e n o u s  O D C  in h ib ito rs . T hese  in h ib ito rs  
are u n iq u e  in  tw o resp ec ts . T hey  ta rg e t th e  enzym e O D C 
for d eg rad a tio n  (m o st enzym es are  ta rg e ted  by u b iqu i- 
tin ) and  they  are in d u c e d  by ris in g  levels o f  O D C s 
p ro d u c t, sp e rm id in e . A lso, in  a d d itio n  to d o w n -reg u la t-  
ing  O D C , antizym .es in h ib it  p o ly a m in e  u p ta k e  and  
s tim u la te  its o u tw ard  tran sp o rt. F inally , som e investi- 
gato rs have suggested  th a t nega tive  íeed b ack  m ay no t 
íu n c tio n  in  th e  low  lcvels o f free p o ly am in es. M ost o f the 
po lvam ines p ro d u c e d  a t an y  o n e  tim e are qu ick ly  seg- 
rega ted  because th ey  are  s tro n g ly  basic  d u e  to th e ir  
am ine g roư ps an d  b in d  to  p ro te in s , DNA, RNA, and  
o th e r  negativelv  ch a rg ed  m acro m o lecu le s . T he free

p o ly a m in e s  re m a in in g  can  be regu la ted  by antizym es. 
Som e in v e s tig a to rs  have sưggested  th a t O D C m ay be 
re g u la te d  for the  c o n tro l o f a n o th e r  as yct u n k n o w n  
rea c tio n . If th is  sh o u ld  be  d em o n stra ted , it w ou ld  
o p en  new  a n d  ex c itin g  possib ilities for po lyam ine re- 
search . At p re se n t, the m ost obv ious and  on ly  p roven  
ro le  o f O D C  is to  p ro v id e  a b io sy n th e tic  ro u te  for 
p u tre sc in e  a n d  cad av e rin e .

Synthetic Inhib itors o f Polyam ines

T h e ra p id  rise  a n d  fall o f the p o lyam ine  b io syn thetic  
enzym es O D C  a n d  A doM etD C  in trig u e d  b iochem ists  
w h en  they  o b se rv e d  it d u r in g  the 1960s. W h en  poly- 
am in es  w ere  fo u n d  in  large q u an titie s  in  the tum ors, 
b lo o d , a n d  u r in e  o f  ca n ce r  pa tien ts , b io ch em ists  began 
to sy n th e s iz e  in h ib ito rs  in  the h o p e  th a t they  could  
lo w er the  levels o f  po lyam ines an d  s to p  the g row th  of 
th e  tu m o rs . a -D iflu o ro m e th y lo rn ith in e  (D FM O ) and  
m e th y lg ly o x a l-b is-g u an y lh y d raz o n e  (M GBG) em erged 
as p ro m is in g  in h ib ito rs .

D FM O  is on e  o f the m ost use íu l o f the syn thesized  
in h ib ito rs  o f  O D C  because it irreversib ly  and



speciB cally  in h ib its  O D C , b lo ck s th e  p ro d u c tio n  of 
p u tre sc in e  from  o rn ith in e , in h ib its  o r red u c es  anv  cell 
fu n c tio n s th a t req u ire  p u tre sc in e , is re ia tive ly  no n - 
tox ic , an d  is easiiy  d isso lved  in  a q u e o u s  m ed iu m . E xper- 
im en ts  w ith  an im als  an d  cells in  c u ltu re  h a  ve sh o w n  th a t 
the speciíìc ity  o f po ly am in e  deR ciency can  be d em o n - 
s tra te d  by su p p l)ản g  a po ly am in e  at the sam e tim e as the 
D FM O  because the  co m b in a tio n  can  m a in ta in  any  in- 
h ib ited  íu n c tio n  a t n ea r n o rm a l levels. D FM O  is vvidely 
u sed  ex p e rim en ta lly  to s tu d y  the effects o f p o ly am in e  
d ep le tio n  on  cell g ro w th , m ig ra tio n , a u a c h m e n t, the 
a c tin  cy to sk e le to n , s igna ling , etc ., in  c u ltu re  an d  in vi vo.

MGBG is an effective in h ib ito r  o f sp e rm id in e  
sy n th esis  by A doM etD C . H ow ever, it is rao rc  loxic 
th an  D FM O , m ay red u ce  th e  ava ilab ility  o f  m e th io n in e  
for p ro te in  sy n th esis , an d , u n ex p e c ted ly , has been  
sh o w n  to inc rease  p o ly am in es to  very  h igh  leveis in 
the b ra in . B oth  MGBG an d  D FM O  have been  used  in 
ca n ce r th e ra p y  an d , in  so m e cases, have causecl im prove- 
m en t. R esearchers c.ontinue to syn thesize  new  in h ib ito rs  
in  the h o p c  o f im p ro v in g  th e ir  effectiveness. U n ío rtu - 
nately , red u c in g  po ly am in es sign iR cantlỵ  in  the gastro - 
in te s tin a l trac t is d ifficu lt even  w h en  p o ly am in es are 
severely  res tr ic ted  in  th e  d ie l because  they  are co n trib - 
u te d  by food, b ac te ria , an d  s lo u g h ed  cells in  the lum en .

PO L Y A M IN E  RO LES IN  E SSE N T IA L  
P H Y SIO L O G IC A L  PR O C E SSE S

C ytoskeletal M aintenance

T he cy to sk e le to n  is the fram ew ork  o f ce llu la r s t r u o  
tu re  an d  o rg an iza tio n . A ctin  is its  m a jo r p ro te in  an d  is 
p re se n t in  tw o form s. T he íìlam e n to u s  ío rra  o f ac tin , 
F -ac tin , po lym erizes an d  d ep o ly m erizes  co n tin u o u sly  
to m ee t the d em an d s  of the m o m e n t w ith  the  h e lp  of 
an  array  of associa ted  p ro te in s . In  the p rocess, F -actin  
p ro v id es sh ap e , rig id ity , an d  s tre n g th  to the  cell. T he 
m o n o m e ric  fo rm , G -ac tin , is the resu lt o í F -actiĩì clepo- 
ly m eriza tio n  as w ell as a so u rce  o f n ew  m o n o m e rs  for 
p o ly m eriza tio n . N o n m u sc le  m yosin  II, a se co n d  p ro te in  
in tim ate ly  in vo lved  w ith  th c  cy to sk e le to n , is the m o to r 
for cy to skele ta l m ovem en t. Ít also a d ju s ts  cell shape, 
re sp o n d s  to ca lc ium  levels, an d  tra n sp o rts  ancl d is trib - 
u te s  o rgane lles a n d  p ro te in s . P o lyam ine deíìc iency  de- 
creases n o n rau sc le  m vosin  II p ro te in  bv 75%  and  
changes its d is tr ib u tio n  so tha i it no  lo n g e r b in d s  to 
ac tin  íìlam en ts  b u t aggrcgates in  ap p a ren tly  n o n íim c- 
tio n a l c lun ip s. O th e r  a c tin -b in d in g  p ro te in s  im p o rta n t 
for cy to sk ele ta l íim c tio n  are also adverselv  affecteđ  bv 
p o lvam ine  deíiciency .

Ư nder the m ic ro sco p e , the cy to sk ele to n  p resen ts  a 
b ea u tiíu l, in tr ic a te  p a tte rn  w hen  s ta ined  vvith íluores-

cen tlv  linkẹcl p h a ỉlo id in , a io x in  o f '\nu.inị?(! phciiìridcs 
th a t b in d s  ancì stab ilizcs p o h m c r ic  acũn . Tho cíỉccis  
po lyam ine  dcíìc iency  on the cy to sk clc iọ n  c*aìi hc easĩh ' 
reco g n ized  b ecause  th e  d is tr ib u tio n  of F -íìc tir in the co 11 
is rad icallv  a lte red  (sec Fig. 2). A ctin íiỉam enis í'íììd srrcss 
fibers d isa p p ca r from  the cell in tc r io r  and  co n ccn tra tc  
at ih e  co rtex  ra th e r  than  m a in ta in  th e ir  usual position  
th ro u g h o u t the cell. Even w h en  su b c o n ílu c n t. tho cells 
are rouncled  an d  have few of ihe cx tcn sio n s 
(lam ellip o d ia  and  R lopodia) seen  in norm aì sub co n ílu - 
en t cells. T h is rea rran g e m en t shovvs thai cyioskeleỉa l 
íunc t ions  necessarv  for cell m igra iion ,  su c h  Ĩ ỈS 'ooiarị- 
za tio n , co n tro l of d irec tio n , ccll shape, signaling , and 
ab ility  to gen c ra lc  íbrce, a re  d is ru p tc d , sevcreiv  dis- 
ab ling  a ttac h m e n t, sprcadins;, nnd m igraíion . Thc«ic 
p h en o tv p ic  ch an g es \vcrc íirsi noticcil ’" v r  20 ':ears 
ago in  cells w ith  n iu la n t O D C  g en ev

C ell Growth

P olyam incs arc requ irod  tor grovvíh in aim osĩ ị 1 
cells. An ad c q u a te  supp ly  o f  po lvam incs is esp cõ ^ ỉly  
im p o rta n t to th e  g as tro in ies tin a l ep iih e ỉiu m  wỊ‘iva* 
72 h  is th e  len g th  o f an averagc celTs ìiíe. o u  grovMh 
(as p ro liíe ra tio n ) is the basis o f thc co n tin u a l rcnevva! oí 
th e  g as tro in te s tin a ỉ ep ilh e liu m . T he cp ith c liu m  Hes in a 
sing le layer on  th e  m ucosa. ìt is n o t a ỉcveỉ layer hut an 
a rran g em en t o f p its  (c ryp is) and  th e ir  associiUed vị]]j 
th a t cx p an d  thc t r a c ls  absorp tivc  su ríace  íìio riììo as ịv . 
The d e p th  o f the c ryp ts  an d  h c i^ n  oi íht- \il! ị v a n  in 
d iííe re n t p a rts  oỉ ihe  tract. A sino!e siem  <0 ỉ ỉ :M ?hc 
b o tto m  of each crvp t d iv ides co m in u o u slv ; iís progeny  
d iv ide  íu r th e r  an d  m ovc up  o n to  tlìc villi. c!ifíere*ifiating 
as they  go in to  th e  various typcs of í u n c tio n a l cclìs o í í he 
g as tro in te s tin a l ep ilh e ỉiu m . T he o ld es t cells nt the ' ỊỊ- 
lo u s  tips u n d e rg o  ap o p to sis  (a p ro g ram m cd  d ea ĩh  pro- 
cess th a i m in im izes tox ic ity  to su r ro u n d ìn ^  cells) and 
are  s lo u g h ed  ofí in to  thc ỉu incn  aỉtev ao p ro x im atc ly  
72 h. T he p rec isc  an d  ĩim eỉy  p rog ression  of ih is cycìe 
is vital to  the h e a h h  ol íhe g as iro iiu csù n a ỉ *raci aniỉ is 
d e p e n d e n t 011 po lyam ines.

P olyam ines  are supp lied  10 ĩhc gasíTointcsiinai cpì-
thelial m ucosa  íroni four sourcos, makiìig  its exprr i-
m en ta l e lim in a tio n  exceed ine ly  d iííìcuh . T he sources
are as follow s: (1 ) nev; svn íhcsis  via ODC in proiilcv-
a t ing  cells; (2) ab so rp t ion  oi rlieuiiy poiv'/a:ììiTì*..'<• Miỉc-
teria l p r o d u c ts ,  a n d  in íc s ũ iìã !  c-t'crcU ons in ih c  l1.HÌVCÍV.
( 3 )  a b s o r p t io n  o í  p o lv a m in c s  troiTầ s lo u g h o cỉ in ic s iííiiìl
V i 11 o II s c el Is in t h e ỉ u m e n : a n đ (4) s \ ■ n í h esis vi a (  ̂r); : ỉ ì
v illous ceìls iransnortecl 10 the crvp t ceils ih ro iíi;- ỉ é 1
c o s a l  c i r c u l a t i o n  í s e e  FiiZ. 3 ) .  P v ì K a n i i i ì c s  a n p e . 1: : •

h u m a n  gut a ỉtc r  a men ỉ ancì >«'• -n
the  duocìeníìl and  ịciunal ìtỉrno?ỉ .5. • i



a b so rp tio n  a n d  d is tr ib u tio n  to rem o te  o rg an s a n d  tis- 
sues. N o rm al o r  neop lastic  ep ith e lia l cells o f th e  g u t 
m ucosa  take u p  p o ly am in es by an  active tra n sp o r t p ro - 
cess th a t can  b e  s tim u la te d  by m ito g en s  an d  p ep tid e  
g ro w th  factors.

In cu ltu re , n o rm a l, tra n s ío rm e d , o r O D C  gene- 
d e le ted  m u ta n ts  also d e p e n d  on  p o ly am in es for g row th . 
A íte r the  rem o v a l of su p p le m e n ta l p o ly a m in e s  from  the 
m ed iu m  o f O D C  g en e -d e le ted  ce lls  o r  afte r tre a tm e n t of 
n o rm al cells w ith  D FM O , p ro liíe ra tio n  is re d u c e d  n early  
to zero  by the  tim e all cells have rea ch ed  cell cycle stage 
G I. T he cell cycle is a rre s te d  a t G I b ecause  o f a n  in- 
c rease in  cell cycle in h ib ito rs  p 2 1 , p2 7 , an d  p53. W ith - 
o u t O D C , the poo l o f p u tre sc in e  rap id ly  falls to very  low  
levels and  th e  so u rce  o f p u tre sc in e  from  w h ich  Ado- 
M etD C  sy n th esizes  sp e rm id in e  is no  lo n g er availab le 
e ith er. T he  sp e rm in e  poo l d o es  n o t fall low er th a n  
40%  o f no rm al, p ro b ab ly  b ecau se  it  is largely  b o u n d  
to m acro m o lecu le s . C onversely , ce lls tran sfec ted  to 
o v erex p ress  the  O D C  gene do  n o t re q u ire  su p p le m e n ta l 
p o ly am in es a n d  D FM O  can  d ep re ss  th e ir  g ro w th  ơnly  
m arg inally .

C ell M igration

W h e n  dam age to the  g a s tro in te s tin a l ep ith e lia l trac t 
occu rs , it m u st be rep a ired  q u ick ly  in  o rd e r  to m a in ta in a  
b a rr ie r  to  th e  sp rea d  o f in íe c tio n  th ro u g h o u t the body . 
R epair o cc u rs  in  tw o  stages. T he  first, re s titu tio n , can 
last u p  to 12 h  a n d  consis ts  o f a re sp o n se  to cy tok ines, 
h o rm o n e s , an d  ía c to rs  sec re ted  by su r ro u n d in g  cells. 
T he re s ti tu tio n  re sp o n se  in  g a s tro in te s tin a l ep ithe lia l 
cells co n s is ts  o f  e x te n d in g  th e  c y to p lasm  in  lam ellip o d ia  
an d  R lopodia in to  th e  w o u n d e d  area. T hese  specia lized  
s tru c tư re s  a ttac h  to  the ex tra c e llu la r  m a tr ix  th ro u g h  
íocal ad h e s io n s  th a t fo rm  on  th e ir  le ad in g  edge. Focal 
a d h e sio n s  a t th e  re a r  o f  th e  ce ll d e tac h , a llo w in g  the 
tra iling  e n d  o f th c  cell to  be đ ra w n  up . T he p ro cess  is

F IG U R E  2  T he m igrating ed ge o f  rat in testina ỉ ce lls  (1EC-6) in  
culture. T he ce lls  are sh o w n  at 3 h o f  raigration aíter 4  days o f  
(A) no treatm ent (co n tro l), (B) D FM O , or (C ) DFM O  p lu s putres- 
cin e. F -actin  is sta ined  w ith  T exas red p h a llo id in . T he abundance  
o f  F -actin  is  ob v io u s in  the con tro l and DFM O  p lus putrescine  
groups. C ell p o lariza tion  toward the o p en  area and  lam ellipod ia  
(LM) are a lso  p la in ly  v isib le. T he DFM O  group sh o w s scarce  
interior stress íìbers, a th ickened  ce ll cortex  (co rtex ), and the 
lack o f  lam eilip od ía  characteristic o f  p o lyam in e d eíìc ien cy . Re- 
printed from  M cC orm ack, s. A ., Ray, R. M ., and Joh n son , L. R. 
(2 0 0 2 ). P o lyam in es in in te s tin a l ep ith e lia l restitu tion . In “G astro- 
in testinal M u cosa l Repair and E xperim ental T herapeutics’' (C .-C . 
Cho and J.-L. VVang, ed s .) , 3rd E d., Vol. 1, pp. 4 3  — 56. Karger, 
Basel, S w itzcrland , vvith perm ission .



F IG Ư R E  3  M odel d ep ictin g  how  polyam in es írom  various 
sou rces cou ld  reach the prolííerating ce lls  o f the intestinal 
crypt and influence grow th. The m odel recon ciles the effects o f 
various lum enal stim ulators and h orm ones w ith  know n changes 
in  m ucosal grow th. T he num bers reíer to four d iííeren t m echa- 
n ism s by w h ich  po lyam in es reach proliferating cells: ( 1 ) new  
syn th esis Via the O D C  w ith in  the proliíerating cell; (2) absorption  
from  the lum en o f  p o lyam in es su p p lied  by the d iet, intestinal 
secretions, OT bacterial synthesis; (3 ) absorption  from  the 
iu m en  o f polyam ines contained  w ith in  slou gh ed  v illo u s cells; and 
(4 )  synthesis Via ODC in  v illo u s ce lls  and transportation to the 
crypt ce lls in the m ucosal c ircu lation. Reprinted from  Johnson , L. 
R., T seng, C .-C ., W ang, p ., T ipnis, ư . R., and H addox, M. K. 
(1 9 8 9 ). M ucosal orn ithine decarboxylase in  the sm all intestine: 
loca lization  and stim ulation . A m . ]. PhysioL  2 5 6  (G astro in test. 
L iver Physiol. 1 9 ), G 6 2 4 —G 630, w ith  p erm ission.

rep e a te d  to cover as m u c h  of the  w o u n d  as possib le. In 
o th e r  w ords, re s titu tio n  is p rim arily  a íu n c tio n  of 
sp rea d in g  an d  m igra tion . A fter 1 2 h , the second  stage 
of rep a ir  beg ins w ith  the  ad v en t o f cell p ro liỉe ra tio n . 
H o rm o n es an d  g row th  íac to rs p lay an  im p o rta n t role 
d u rin g  th is stage as w ell. G row th continues un til the 
w ounded area is again covered w ith epithelium  as beíore.

T he severe in h ib itin g  effects of po lyam ine deíìciency  
on cell m ig ra tio n  have b ee n  k n o w n  since the early 
1990s. G astro in testin a l m ucosal w o u n d s  heal slow ly 
in  po ly am in e-d e íìc ien t anim als. C u ltu red  cells from  in- 
te stina l and  gastric cells as w ell as cells from  a varie ty  of 
tissues show  greatly  red u ced  m igra tion  in  q uan tita tive  
m ig ra tion  stud ies. Investigato rs have found  th a t this 
re d u c tio n  is clue to a n u m b e r of speciíìc effects tha t

im pinge o n  cell m ig ra tio n . T hese  in c lu d e  re a rra n g e -  
m en t of the  a c tin  cy to sk e le to n , re d u c e d  focal a d h e s io n  
signa ling , im p a ire d  a tta c h m e n t, re d u c tio n  of R hoA  
activ ity , re d u c e d  p h o sp h o ry la t io n  o f speciíìc  tra n sc r  ip- 
tio n  íac to rs , a n d  o th e r  cy to sk ele ta l dam aging  effects. 
T hese o b se rv a tio n s  o p e n  the  d o o r  to  u n d isc o v ered  fu n c -  
tions of the  po lyam ines.

S ince re s ti tu tio n  p rim a rily  re lies  o n  the  m a c h in e ry  
o f m ig ra tio n , it is heav ily  d e p e n d e n t o n  po lyam ines. N o t 
on ly  is i t  im p o r ta n t to  re in s ta te  the  b a rr ie r  to m ic ro o r-  
gan ism s in  th e  g as tro in te s tin a l tra c t qu ick ly  if it is 
b rea ch ed , b u t the  su ccess  o f  the  se co n d  stage o f re p a ir  
d ep en d s  to  som e e x te n t o n  the  success of the fìrst.

T he d ecep tiv e ly  s im p le  p ro cess  o f e x ten d in g  th e  
celPs b o rd e r  in to  la m e llip o d ia  deserv es  som e ex p lan a - 
tio n  in  o rd e r  to a p p re c ia te  a t least p a r t o f the e lab o ra te  
m ech an ism  invo lved . T he lam ellip o d ia  have d en se , 
b ra n c h in g  a c tin  íìlam en ts  ío rm ed  b y  the ac tiv ity  of 
the  A rp2 /3  co m p lex  a t th e ir  o u te r  lead ing  edge. As 
m ore a c tin  íìlam en ts  fo rm  n ea r th e  lead ing  edge, the 
cell m e m b ra n e  is p u sh e d  o u tw ard . Focal ad h e s io n  
sites fo rm  o n  the  o u te r  m e m b ran e  th ro u g h  vvhich 
in teg rin  re c e p to rs  can  b in d  to  iig an d s in  the ex trace l- 
lu la r m a trix . T he key  p layers c o o rd in a tin g  th is  in te - 
g ra ted  sy stem  are the  Rho íam ily  o f sm all G T Pases, 
speciíìca lly  RhoA , R a c l , a n d  C dc42 . RhoA reg u la tes  
the assem b ly  o f a c tin  s tress  fibers, focal ad h esio n s , 
an d  c o n tra c tility . R a c l s tim u la te s  a c tin  p o ly m eriza tio n  
a n d  t h e  ỉ o r m a t i o n  o f  r u f f l e s  a n d  C dc42  C o n t r o l s  the 
ío rm a tio n  o f íìlo p o d ia . N ew  in v estig a tio n s sh o w  th a t 
the  Rho fam ily  p ro te in s  have m any  o th e r m o lecu la r 
links to  th e  ac tin  cy to sk e le to n  th ro u g h  w h ich  th ey  reg- 
u la te  a c tin  p o ly m e riz a tio n , d ep o ly m eriza tio n , th e  activ- 
ity  of a c tin  m yo sin s, th e  sp e ed  of m ig ra tio n , an d  o th e r  
p rocesses.

ARE P O L Y A M IN E S IN V O L V E D  IN  
G A S T R O IN T E S T IN A L  DISE A SE ?

C a n c e r

H igh levels o f O D C  ac tiv ity  an d  in trace llu la r poly- 
am ines are  c o m m o n  in  ca n ce r tissue. In  p rem a lig n an t 
tissue, th ey  are  a re liab le  sign  o f  in c reased  p ro liíe ra ù o n  
rates. T h e re fo re , e x tra ce llu la r  ílu id  po lyam ine levels 
tha t re íle c t in tra c e llu la r  even ts can  be use íu l ind ica to rs  
o f the e ffec tiveness o f th e rap ỵ . F o r in stan ce , in  B arre tt’s- 
assoc ia ted  ad e n o c a rc in o m a  o f the esophagus, an  in- 
crease in  tissue p o ly a m in e  levels has  b een  u sed  to  detec t 
the d isease  s ti ll in  an  o cc u lt stage. In  co lon  cancer pa- 
tien ts o n  a lo w -p o ly am in e  d ie t, po lyam ine  levels in 
u rin e  m ay  be u sefu l for ev a lu a tin g  the effectiveness



of t.herapy. DFM O a n d  MGBG have b ee n  effective trea t- 
m e n ts  in  som e cases of co lo n  can ce r. P o lyam ine 
an a lo g u es th a t in h ib it p o lyam ine  m e tab o lism  are also 
a possib le  a d ju n c t to  ch e m o th e ra p y .

G astrointestinal ĩm m une System  D iseases

The m ucosaỉ im m u n e  system  is  the  fìrst lin e  o f  de- 
íe n se  ag a in st m ic ro b ia l an d  d ie ta iy  an tig en s . It co n n e c ts  
closely  reg u la ted  in d u c tiv e  (P eyer’s p a tc h e s)  a n d  effec- 
to r (lam ina p ro p ria )  tissues for th e  in d u c tio n  of the 
im m u n e  (IgA) resp o n se  sites th a t m a in ta in  im m u n o lo g - 
icaỉ hom eostasis  in  th e  gut, If h o m e o s ta s is  is lo st, in- 
flarnm atory  bow el d isease , C ro h n ’s d isease , co litis , 
g as tric  u lce r, cancer, ce liac d isease , a n d  o th e r  g as tro in - 
te s tin a l p ro b lem s can  resư lt. A p p ro x im a te ly  50%  o f the 
p o p ư la tio n  is in fec ted  w ith  H eỉicobacter pyỉori, b ac te ria  
resp o n sib le  for m ost cases of p e p tic  u lcer. T hese  b ac te ria  
e lic it a s tro n g  in ílam m ato ry  re sp o n se  th a t beco m es 
c h ro n ic  and , in stead  o f  p ro v id in g  p ro te c tio n , ev en tu a lly  
c o n trib u te s  to  tissue d am ag e a n d  u lcer. F o rtu n a te ly , the 
d isease  dev e lo p s on ly  in  peo p le  w ith  a sp ec iíic  com bi- 
n a tio n  o f bac teria l, en v iro n m e n ta l, a n d  g en e tic  íac to rs. 
T h e  p o lyam ine  c o n te n t o f the  lu m e n  is e ssen tia l for 
n o rm a l h ea lin g  in  p ep tic  an d  in te s tin a l u lcer. Poly- 
a m ín es can  p ro tec t ce lls ag a in st a p o p to s is  in  g ro w th  
s itu a tio n s , b u t  w h en  n o rm al c e llu la r  re g u la to ry  func- 
tio n s  are lost, they  c a n  also en c o u rag e  a p ơ p to s is  in  cells 
tha t are part o f  the  im m u n e  d e íen se  system . ln h ib ito rs  of 
p o ly am in e  b io sy n th esis , p o ly a m in e  an a lo g u es , and  
co m b in a tio n s  of p o ly a m in e  a n a lo g u e s  w ith  o lig o n u c le - 
o tid e s  m ay also  be ca n d id a te s  for p re v e n tio n  an d  trea t-  
m e n t in  these  d iseases.

Aging

P oìyam ines are im p lica te d  in  sev era l ch a n g es  tha t 
acco m p an y  ag ing  in  h u m a n s. O n e  o f th ese  is in c reased  
su sc ep tib ility  to g as tro in te s tin a l m u c o sa l dam age . The 
g as tric  m u c o sa  is espec ia lly  su b je c t to  m e ch a n ica l and  
ch em ica l dam age, b ac te ria l a tta c k , isc h em ic  dam age, 
a b e rra n t im m u n o lo g ic a l resp o n ses , a n d  s tress. T hese 
types o f d am age m u s t be re p a ire d  p ro m p tly  by  res titu - 
tion  a n d  p ro liíe ra tio n  to avoid  im p a ừ m e n t o f m ucosa l 
íu n c tio n . T he g as tro in tes tin a l m u c o sa  is d e p e n d e n t on  
ep id erm al g ro w th  fac to r an d  o th e r  h o rm o n e s  to  m ain - 
ta in  g ro w th  a n d  cell d iffe ren tia tio n  as ce lls ad v a n ce  from  
the  c ry p ts  o n to  the v illi. W ith  ag ing , p o ly a m in e  levels, 
p ro s tag lan d in s , cyc looxygenases, a n d  ep id e rm a l g ro w th  
ía c to r  re c e p to rs  are d ecreased . T h e  su m  o f these  age- 
re la ted  ch an g es  re ta rd s  re s titu tio n , ce ll m ig ra tio n , and  
p ro life ra tio n  an d  se rio u s ly  im p ed es the  re p a ir  o fg a s tro -  
in te s tin a l m ucosal dam age.

Intestinal Parasites

Tw o b illion  peop le  in dev e lo p in g  co u n tries  are  se- 
riously  d eb ilita ted  by in testin a l parasites. Yet, investi- 
ga tio n  o f po lyam ines in  these  parasite s w as b eg u n  only 
in  the  p as t 1 0 —15 years. M ore de ta iled  know ledge o n  a 
varie ty  of p arasite s  is  essen tia l to p rev en t an d  cu re  these 
d iseases.

All h e lm in th ic  parasite s  th a t have b ee n  s tu d ied  con- 
ta in  sp e rm in e  and  sp e rm id in e  b u t lack  sign iíìcan t 
am o u n ts  o f p u tresc in e . T hey  also do  n o t have o rn ith in e , 
arg in ine , o r  S -ad en o sy lm eth io n in e  decarboxy lases and , 
th e re ỉo re , th e ir  su rv ival an d  grovvth are n o t affected by 
O D C  o r A doM etD C  in h ib ito rs . A pparen tly  they  can n o t 
b io syn thesize  po lyam ines an d  m u s t d ep e n d  o n  up tak e  
from  the lu m e n  of th e ir  hosts . T h is  fact offers a u n iq u e  
an d  co n v en ien t trea tm e n t m odality . D ep en d in g  o n  the 
p arasite , a po lyam ine-free  đ ie t o r the in h ib itio n  of poly- 
am ine  tra n sp o rt m ay be an  effective trea tm en t. O th er 
h e lm in th ic  parasite s  have u n u su a i p o lyam ine  hom o- 
logues, a deg radative  p a th w a y  o p era tin g  th ro u g h  
N -acety l po lyam ines, possib ly  a new  type o f O D C , 
etc. T he fact th a t som e p arasite s  m u s t o b ta in  necessary  
po lyam ines in  u n u su a l w ays m ay offer effective an d  
speciíic  trea tm e n ts  th a t co u ld  be u tilized  to a g rea ter 
deg ree  th a n  at p resen t.

SUMMARY

The h is to ry  o f the p o ly am in es th ro u g h o u t the develop- 
m e n t o f the b io log ica l sc iences is a fasc inating  story. 
B iologists have b een  s!ow  to  ap p rec ia te  the ro les poly- 
am in es pỉay in  physio log ica l p rocesses, p e rh ap s because 
the re  are so m any  ro les  an d  also for lack  o f necessaĩy  
tools. T he d is tr ib u tio n  of p o ly am in es in  n a tu re  is m ore  
varied  an d  in d iv id u a l th an  w as expected . All verteb ra te  
m am m als d o  have the  sam e th ree  n a tu ra l po lyam ines, 
p u tre sc in e , sp e rm in e , an d  sp e rm id in e , an d  they 
syn thesize , tran sp o rt, in te rco n v e rt, an d  degrade them  
by s im ila r pathw ays. A lth o u g h  all of the íacts ab o u t 
p o lyam ine  reg u la tio n  are n o t  ye t at h an d , it is  clear 
th a t they  can be tox ic and  th a t reg u la tio n  is necessary. 
T he asso c ia tio n  b e tw een  rap id  cell p ro life ra tio n , poly- 
am ine  levels, an d  cancer s tim u la ted  a sea rch  for 
sy n th e tic  p o ly am in e  in h ib ito rs  th a t is still o n go ing  in  
p h arm a ce u tic a l labo ra to ries. In h ib ito rs  for b o th  polya- 
m in e  b io sy n th e tic  pathvvays are now  available. DFM O 
an d  MGBG are espec ially  u se íu l in  cell cu ltu re  stud ies 
th o u g h  ìess successfu l in  trea tin g  h u m a n  cancer. Re- 
cen tly , ex p e rim en ts  u sing  d e le tio n  an d  transfec tion  of 
the O D C  gene have c o rro b o ra te d  the  eííects of 
D FM O . P o lyam ines are essen tia l for cell p ro liíe ra tio n , 
d iffe ren tia tion , m ig ra tio n , signa ling , and  a ttach m en t.



The cy toskele ton  req u ires  p o lyam ines for v irtu a lly  all o f 
its n o rm al íunc tions. R epair o f the g as tro in tes tin a l m u - 
cosa requ ires  po lyam ines for the c o o rd in a tio n  o f resti- 
tu tio n  and  p ro lifera tion . F inally , p o lyam ines are 
im p o rta n t in h u m a n  gastro in testinal d iseases, b o th  
from  the s ta n d p o in t o f excess an d  of deficiency. C ancer, 
im m u n e diseases, and  diseases of aging can  all re su lt 
from  failure to m a in ta in  po lyam ines at n o rm a l levels. 
F inally , po lyam ines m ay u n d erlie  o th e r essen tia l p ro - 
cesses tha t have n o t yet been  d iscovered. In  sh o rt, con- 
tin u ed  vigorous investiga tion  o f po lyam ines p ro m ise s  to 
b e n e fit b o th  m edical a n d  basic Science.
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Porcelain Gallbladder
Sh ih -T in g  P a tricia  T sai

ưniversitỵ o f Southern Caỉi/omia and LAC/VSC Medical Center

c a r c in o m a  A n y  ca n cer  th a t a r ises from  th e  e p ith e liu m .  
c h o le c y s te c to m y  S u rg ica l rem o v a l o f  th e  g a llb la d d er . 
c h o le l i th ia s is  T he ío r m a tio n  o f  s to n e s  in  th e  g a llb la d d er . 
h y p e r e c h o ic  U ltr a so u n d  d e sc r ip t io n  o f  le s io n s  tha t r e íle c t  

so u n d  w aves.

Porcelain gallbladder is a rare condition and is deíìned as 
intramural calciíìcation of the gallbladder. Patients are 
geiierally asym ptom atic and diagnosis is usually  inciden- 
la l- The pathogenesis rem ains unknown but is highly as- 
sodated  with cholelithiasis. u ltrasound and com puted  
tomography are used to assist in diagnosis. There is a 
high incidence o f gallbladder carcinoma in patients 
w ilh  this condition and thereíore cholecystectom y is rec- 
om mended. However, som e recent stud ies show  contro- 
versial results and definitive m anagement rem ains to be 
determined.

INTRODUCTION

P o rce la in  g a llb lad d er is a ra re  d isease ; G ra n d c h a m p s  
first d esc rib ed  it in  1797  a n d  F lo rc k e n  íìrs t u sed  the 
tc rm  in  1929. M any te rm s have b e e n  u se d  to describ e  
thí* ap p earan ce  o f  th is g a llb la d d e r c o n d itio n : “ca lc iíy ing  
ch o lecy stitis ,” “ch in a  g a llb la d d e r,1’ “ch o lec y sto p a th y  
ch ro n ic  ca lcanea ,” “ca lc iíìed  g a llb la d d e r ,” a n d  “p o rce - 
la in  gallbladcler.” T he te rm  p o rc e la in  g a llb la d d e r de- 
sc ribes  th e  b rittle  co n s is te n cy  a n d  b lu ish  d isc o lo ra tio n  
o f the g a llb la d d er w all.

INCIDENCE

T he in c id en ce  is low , ran g in g  b e tw e e n  0 .0 6  an d  0.8%  of 
ch o lecystec tom y  sp ec im en s. T h e  d isease  is five tim es 
m o re  c o m m o n  in  w o m en  b e tw e en  the  ages oí 38  an d  
70 years (vvith a m ean  of 54  years) th a n  in  the  g en e ra l 
p o p u la tio n . R arely, p e d ia tr ic  cases a re  re p o rte d .

PATHOGENESIS

T he p a th o g en e sis  o f th e  ca ìc iíìea tio n  rem a in s  c o n tro v e r-  
sial. lt o ccu rs  e ith e r  as a b ro ad , c o n tin u o u s  b a n d  in  the 
m u scu la ris  o r as m u ltip le  p u n c ta te  a reas  in  b o th  the

g la n d u la r  sp aces  an d  sinuses. T hree p o ten tia l m echa- 
n ism s are  p ro p o sed . O ne m echan ism  m ay be cystic duct 
o b s tru c tio n  th a t leads to m ucosal d ep o s itio n  of calc ium  
ca rb o n a te  sa lts , resu ltin g  in  b ile  s tag n a tio n  w ith in  the 
g a llb lad d er. A n o th e r  m ech an ism  of in ju ry  m ay be re- 
la ted  to  c h ro n ic  irrita tio n  of the w all by s tones o r an- 
o th e r  fo re ign  body. T h is th eo ry  is su p p o rted  by the 
o b se rv a tio n  th a t m ore  th an  95%  o f p a tien ts  w ith  porce- 
la in  g a llb la d d e r  also have stones. T he th ird  m echan ism  
m ay be re la ted  to a d y s tro p h ic  p rocess d u e  to  ch ro n ic  
lo w -g rad e  in íe c tio n  an d  co m p ro m ised  c ircu la tio n  from  
cystic  d u c t o b s tru c tio n . T h is p rocess resu lts  in  hem o r- 
rhage , sca rrin g , an d  h y alin iza tion  o f the wall, w h ich  in  
tu rn  p ro v id es  a m atrix  for the d ep o s itio n  o f lim e salts.

CLINICAL PRESENTATION

M ost p a ù e n ts  a re  asym ptom atic  and  the  lesion  is gen- 
e ra lly  d e te c te d  inc iden ta lly .

DIAGNOSIS

P la in  fìlm  u su a lly  show s a large so litary  calcified m ass in  
the  r ig h t u p p e r  q u ad ran t. H ow ever, co m p u ted  tom og- 
ra p h y  a n d  u ltra so u n d  are the u su a l im ag ing  m odalities 
th a t p ro v id e  m o re  de íin itive  d iagnosis of p o rce la in  gall- 
b la d d e r. In  1984, K ane rep o rte d  th ree  d is tin c t sono- 
g rap h ic  p a tte rn s  in  n ine  patien ts . T he type I p a tte rn  
w as id en tiR ed  by a hyperecho ic  se m ilu n a r  S tructure 
w ith  a p o s te r io r  shadow  an d  no  gallstones. Type 11 
h a d  a b ico n v ex , cư rv ilinea r echogen ic  s tru c tu re  w ith 
ac o u stic  sh a d o w in g  an d  stones, a n d  type III had  irreg- 
u la r  ech o es  w ith  p o s te rio r shadow ing . In  1989, 
S h im izu  an d  co -w o rk ers  rev iew ed 30 cases in  the 
w o rld ’s lite ra tu re  in  w h ich  u ltra so u n d  íea tu res  o f po r- 
ce la in  g a llb la d d er w ere described . T hey  reco m m en d ed  
a s im p le  classification : com plete  (com plete  rep lacem en t 
o f the  m u co sa  w ith  dense connective  tissue an d  cal- 
c iíìc a tio n , co rre la te d  to type I) an d  in co m p le te  (som e 
m u c o sa  rem a in in g , co rre la ted  to  types II an d  III). They 
ío u n d  no  g a lls to n e  an d  no  cancer in  the com plete 
type. H ow ever, in  the in co m p le te  type, gallstones are 
d e te c te d  an d  th e re  is a 41%  inc idence  o f cancer. They



hypo thesized  th a t m alignancies arise on ly  from  th e  m u - 
cosal ep ith e liu m  an d  the re ío re  gallb ladder m alignancy  
is im probab le  in  the  type I com plete  g roup .

M A N A G E M E N T  A N D  R E L A T IO N SH IP  
TO  G ALLBLAD D ER C A R C IN O M A

P rophy lactic  cho lecyctectom y is generally  reco m - 
m en d ed  due to the risk  of m alignancy. T he in c id en c e  
rep o rted  in  the o lder lite ra tu re  varies from  12.5 to  61% . 
H ow ever, a recen t study  by  H ines th a t rev iew ed  10,741 
cho lecystec tom y specim ens show ed  no  ca rc in o m a 
am ong  15 pa tien ts  w ith  po rce la in  gallb ladder. A n o th er 
study  by Berger and  co lleagues tha t rev iew ed 25 ,9 0 0  
gallb ladder specim ens co n íừ m e d  the  assoc ia tion  be- 
tw een  gallb ladder carcinom a an d  calcified g a llb lad d er 
b u t at a low er ra te  than  prev iously  estim ated . T h e  inc i- 
dence of cancer d epends on  the  p a tte rn  of ca lc iíìca tion ; 
selective m ucosal calc iíìcation  poses a s ign iíìcan t r isk  of 
cancer (7% ), w hereas diffuse in tra m u ra l ca lc iíìca tion  
does no t. T here ío re , m anagem ent o f asy m p to m aù c

p a tie n ts  w ith  d eb ilita tin g  co m o rb id itie s  re m a in s  c o n tro -  
versia l. T he  n a tu ra l h is to ry  of p o rce la in  g a llb lad d er re - 
m a in s  to b e  e lu c id a ted .

See A lso the F ollow ing Articles
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Porphyria
J o se p h  R. Bl o o m e r
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genetic heterogeneity Severaì different mutations in the 
same gene are íound in a genetic disorder. 

porphyrin Compound with a chemical structure consisting 
of four pyrrole groups linked by methene bridges; the 
compound is pigmented and exhibits red íluorescence 
when exposed to ultraviolet light around 400 nm (Soret 
band).

poqíhyrinogen Reduced form of the porphyrin; not pigmen- 
ted and does not exhibit íluorescence. 

poq^hyrin precursors Early intermediates oỉ' the heme 
biosynthetic pathway (ô-aminolevulinic acid and por- 
phobilinogen) from which pyrrole groups are íormed.

The porphyrias are genetíc/m etabolic d iso rders th a t are 
characterized biochem ically by the excessive accum ula- 
tion and excretion of porphyrins and porphyrin  precur-

so rs. T hese com pounds are in te rm ed ia tes o f the hem e 
b io syn the tic  pathvvay, and  each o f the  po rphyrias is as- 
soc ia ted  w ith  deíìcien t activity  o f a speciíìc enzym e in  the 
pathw ay. The m ajor clinical m an iíesta tions— photo- 
cu taneous lesions, neuropsych iatric  dysíunction , and 
s tru c tu ra l liver d isease— are linked  to  the  biochem ical 
abno rm alities. T herapy  is  d irected  to am eliorate  the bio- 
chem ical abnorm alities, w hich im proves the clinical 
s ta tu s  o f patien ts .

IN T R O D U C T IO N

T he fìrst d e sc rip tio n s  o f the p o rp h y ria s  ap p e ared  in 
th e  la tte r  p a r t  o f the n in e te e n th  cen tu ry . D uring  the 
tw e n tie th  c e n tu ry , the  in d iv idual p o rp h y ria s  vvere



id e n tiíìed  an d  th e ir  b io ch em ica l a n d  c lin ica l íea tu res  
w ere defined. T h e  p o rp h y ria s  h av e  b een  classified  as 
h e p a tic  o r e ry th ro p o ie tic , d e p e n d in g  o n  w h ich  tissue 
is the m ạjo r site  o f ex p re ss io n  o f th e  b io ch em ica l ab- 
n o rm alitie s . Som e are  also  c lassiíied  as ac u te  o r  in d u c -  
ib le  because  they  are asso c ia ted  w ith  ep iso d ic  a ttack s  
of n eu ro p sy c h ia tric  d y s íu n c tio n . In  th is  a rtic le , the 
b iochem ica l a n d  c lin ica l ỉe a tu re s  o f th e  e ig h t types o f 
p o rp h y ria  are o u tlin e d . Tw o c o n d itio n s  th a t m ay be 
co n íu sed  w ith  th e  p o rp h y ria s , se c o n d a ry  p o rp h y rin u r ia  
a n d  p se u d o p o rp h y ria , a re  also  d esc rib ed .

B IO C H E M IC A L  A B N O R M A L IT IE S  
IN  PO RPH YRIAS

P o rp h y rin s /p o rp h y rin o g en s  a n d  p o rp h y rin  p re c u rso rs  
are  in te rm ed ia te s  o f th e  hem e b io sy n th e tic  p a th w ay , a 
critica l m etabo lic  p ro ce ss  th a t in v o lv es e igh t enzym es. 
T he íìrs t s tep  in  the pa thw ay , w h ic h  is th e  c o n d e n sa -  
tio n  o f succ iny l coenzym e A a n d  g lyc ine  to  form  
8 -am ín o lev u lin ic  ac ỉd  (ALA), is  ca ta ly zed  by  the m ito - 
ch o n d ria l enzym e ALA sy n th ase  a n d  is ra te lim itin g  in  
the liver. T he last s tep , in  w h ich  fe rro u s iro n  is in se rte d  
in  to  p ro to p o rp h y r in  to p ro d u c e  h em e, also  takes 
p lace in  the  m ito ch o n d ria . In te rm e d ia te  s te p s  to  form

p o rp h o b ilin o g e n  (PBG) and  p o rp h y rm o g e n s  occu r in  
the  cytop lasm .

D eíìc ien t activ ity  of an  enzym e in  the pathw ay 
cau ses a specific p a tte rn  o f ạc cu m u la tio n  an d  excretion  
o f p o rp h y rin s  an d  p o rp h y rin  p re c u rso rs  (Table I). In  the 
ac u te  p o rp h y ria s , th is is exacerba ted  d u r in g  an  a ttack  
du e  to  a m arked  ìncrease in  hepa tic  ALA syn thase  ac- 
tiv íty . T he p a tte rn  of b iochem ica l ab n o rm alities  is used  
to  d iag n o se  p o rp h y ria  in  a p a tie n t w ith  com patib le  clin- 
ical ỉea tu res . D em o n stra tio n  of d e íìc ien t enzym e activity  
in  ce lls /tissue is also used  in  d iagnosis, particu la rly  in  
ac u te  in te rm itte n t porphyTÌa an d  the  fam iliaỉ fo rm  of 
p o rp h y ria  ciỉtanea tarda.

T h e  cìon ing  an d  seq u en c in g  of cD N A  an d  genom ic 
DNA for enzym es o f the  p a th w ay  have m ade it pos- 
sib le  to  iden tiíy  gene m u ta tio n s  th a t u n d erlie  the en- 
zym e deíects in  the po rp h y rias . G ene tic  he terogeneity  
has b e e n  ío u n d  in  each. T h u s, m o lecu lar analysis has 
n o t yet found  w id esp read  use in  d iagnosis, b u t 
it is h e lp íu l in  iden tiíy ing  asym ptom atic  ca rrie rs  of 
the  gen e  deíec t in  íam ilies in  w h o m  a m u ta tio n  has 
b e e n  found  an d  fọr eva lua ting  in d iv id u als  in  geo- 
g rap h ic  areas w here  a specific m u ta tio n  has a h igh 
p revalence. T here  is no t usually  a clear re la tionsh ip  
b e tw e en  speciíic gcne m u ta tio n s  an d  the severity  o f 
c lin ica l and  b ỉochem ica l m an iíesta tio n s, an d  express- 
ion  o f  the d isease is variab le even am ong  m em bers of a

TABLE I Biochem ical A bnorm alities in  the P orphyrias"

T yp e o f  porphyria E n zym e d e íect
L ocation / 

b io sy n th e tic  s tep
M ajor site  

o f  ex p ressio n
P rincipal b ioch em ica l 

íeatu res

A IA  dehycỉrase d e íìc ien cy ALA d ehydrase C ytop lasm /2 Liver t  ALA in  urine

A cute in term ittent porphyria PBG d eam inase C ytop lasm /3 Liver 1 ALA and PBG in  urine
H creditary coproporphyria C op rop orp h yrin ogen

ox id a se
M itoch on dria/6 Liver T ALA, PBG, coproporphyrin  

in  urine  
t  C oproporphyrin  in íeces

Variegate porphyria P rotop orp h yrin ogen
ox id a se

M itoch on dria /7 Liver f  ALA, PBG, coproporphyrin  
in  urine  

t  Protoporphyrin  in  feces

Porphyria cutanea tarda ư ro p o rp h y rin o g en
d ecarb oxylase

C ytop lasm /5 Liver and bone  
m arrow

t  U roporphyrin  in  urine 
Isocoproporphyrin  in  íeces

H cpatoerythropoietic
porphyria

ư ro p o rp h y rin o g en
d ecarb oxylase

C ytop lasm /5 Liver I Z n-protoporphyrin  in  red cells  
t  U roporphyrin  in  urine 
Isocoproporphyrin  in  feces

Erythropoietic porphyria ư ro p o rp h y rín o g en  111 
syn th ase

C ytop lasm /4 Bone m arrow t  ư rop orp h yrin  in  red ce lls  
t  ư rop orp h yrin  in  urine

Erythropoietic protoporphyria F errochelatase M itoch on dria/8 Bone m arrow  
(liver variable)

T Protoporphyrin  in  red ceỉls 
t  Protoporphyrin  in  íeces

“ Abbreviations: ALA, S-am inolevulínic acid; PBG, porphobilinogen.



íam ily. T h u s , o th e r  genetic  an d /o r acq u ired  factors are 
o ften  critica l to  the p h eno typ ic  cxp ression  o f the 
d iso rder.

H E PA T IC  PORPHYRIAS

Several p o rp h y ria s  are classiíìed as hepa tic  because the 
liver is the m ajo r site  of expression  o f the b iochem ica l 
ab n o rm a lities  (T able I). F o u r of the h ep a tic  p o rp h y ria s  
are also te rm ed  ac u te  because there occu r ep iso d es of 
severe n eu ro p sy c h ia tric  dysíunc tion  th a t are sep ara ted  
by asy m p to m atic  p e rio d s  (Table II). T he acu te a ttacks 
are p rec ip ita ted  by ingestion  of drugs, íasting , a lcoho l- 
ism , in ỉec tio n , a n d  h o rm onal effects. T he m ost co m m o n  
sy m p to m  is ab d o m in a l pain , w hich m ay be accom pa- 
n ied  by h y p e rte n s io n  an d  tachycard ia as m an ifesta tions 
o f au to n o m ic  nerve  dysíunc tion . P eripheral n eu ro p a th y  
causes para lysis and  resp ira io ry  com prom ise  if the at- 
tack  is severe. Psychiatric  m an iíesta tions in c lu d e  hys- 
teria, psychosis, an d  depression . w hich  som etim es 
p ers is t afte r th e  a ttack  has subsided. S eizures also 
o cc u r a n d  p rese n t a d ifficuli p rob lem  because raost an ti- 
ep ilep tic  d ru g s can  exacerba te the attack .

D u rin g  an  ac u te  a ttack , u rinary  ex c re tio n  o í th e  por- 
p h y rin  p rec u rso rs  ALA and PBG increases m arked ly . 
C lin ical an d  bas ic  stud ies  indicate ih a i ALA m ay 
cause th e  neu ro log ical dysrunction . An a lte rn a te  possi- 
b ility  is th a t hem e deíìciency  in nerve tissue is th e  cause. 
F inally , b o th  (an d  o th er) íactors may u n d e rlie  the 
a ttack .

T h erap y  o f th e  acu te  a ttack  consists o f s tọ p p in g  the 
p rec ip ita tin g  íac to r, care íu lly  m anaging ílu id  a n d  elec- 
tro ly te  s ta tu s , an d  p ro v id in g  ađequate caloric  in tak e  
th a t is h ig h  in  carbohydra tes. In travenous aclm inistra- 
tion  o f h em atin  ( íe rrih em e hydrox ide) has becom e 
S ta n d a rd , b ecause th is  m ay  p rom ptly  am elio ra te

b iochem ica l and  c lin ical m a n iíe sta tio n s. D u rin g  asym p- 
tom atic  p eriods, p a tien ts  sh o u ld  n o t  take d ru g s  th a t 
p rec ip ita te  a ttacks, sh o u ld  avo id  ía s tin g  an d  excess in - 
take o f alcoho l, a n d  sh o u ld  have in íec tio n s trea ted  
p rom ptly .

In four of the h ep a lic  p o rp h y ria s , p h o to c u ta n e o u s  
lesions occu r (T able I I ) .  Skin írag ility  deve lops as a 
consequence of the p h o to ac tiv e  p ro p e rtie s  o f p o rp h y - 
rin s  d ep o s ited  in  sk in  tissue a n d /o r  c irc u la tin g  in  derm al 
b lo o d  vessels. T h is causes b lis te rs  to  form  a íte r  m in o r 
trau m a to  su n -ex p o se d  areas. E ro s io n s, sca rrin g , pig- 
m e n t changes, a n d  sm all w h ite  p ap u les  ca ỉled  m ilia 
su b seq u en tly  develop . S c le ro d e rm o id  changes o f the 
sk in  m ay occu r in  lo n g -s ta n d in g  u n tre a te d  disease.

In p o rp h y ria  cu tan ea  tarda , h e p a tic  iron  overload  is 
íreq u en t, and  th e re  is  an  in c reased  p rev a len ce  o f m uta- 
ú o n s  in  the HFE gene, vvhich is assoc ia ted  w ith  herecl- 
ita ry  hem o ch ro m ato sis . P atien ts  also  have a h ig h e r ra le 
o f ch ro n ic  h ep a titis  c. In  lo n g -s ta n d in g  u n tre a te d  por- 
ph y ria  cu tanea  ta rd a , there  is an  in c re ase d  in c id en ce  of 
h ep a to c e llu la r  carc inom a. This is also  ío u n d  in  th e  aeute 
p o rp h y ria s , p a rticu la rly  acu te  in te rm itte n t p o rp h y ria , 
the reason  for w h ich  is u n d e a r .

T he p h o to c u ta n e o u s  lesions in  p o rp h y ria  cu tanea 
ta rd a  are m anaged  by p h le b o to m y  to d ep le te  excess 
h ep a tic  iro n , as u ro p o rp h y rin  fo rm a tio n  d ecreases con- 
com itan tly . R em oval of 4 —8 lite rs  o f b lo o d  u su a lly  re- 
solves the clin ical an d  b io ch em ica l abnorm alities. 
C h lo ro q u in e  o r re la ted  co m p o u n d s  are  u se d  if ph lebo t- 
om y is n o t to le ra ted . O nce in  rem iss io n , m o st patien ts 
w ith  p o rp h y ria  cu tan ea  ta rd a  re m a in  free o f pho to - 
cu tan e o u s  lesions p ro v id ed  th a t they  avo iđ  tak ing  
iro n -c o n ta in in g  c o m p o u n d s  a n d  rem ain  abstinen t 
írom  alcohol. P h o to cu ta n eo u s  le s io n s  in  varicgate por- 
ph y ria  an d  h ere d ita ry  co p ro p o rp h ỵ ria  do n o t rc sp o n d  t.0 
p h lebo tom y , how ever.

TABLE I I  C linical F eatu res in the Porphyrias

T yp e o f  
porphyria

U sual
inheritance"

U sual on set  
o f  d isea se

P hotocu taneous
le s io n s

N eu rop sych iatric
sy m p to m s

C h ron ic  
liv er  d isea se H epatom a

A I A  dehydrase deỄ ciency AR C hildhood — + — -

A cute interm ittent porphyria AD Early adu lthood - 4- - +
H ereditary coproporphyria AD Early ạd u lth ood + + -
Variegate porphyria AD Early ad u lth ood + + - +
Porphyria cutanea tarda AD (íamilial 

typc)
A dulthood 4-

"
+ +

H epatoerythropoietic porphyria AR C hildhood 4- - 4- -
Erythropoietic porphyria AR ln íancy + - - -
E rythropoietic protoporphỵria Triallelic C hilclhood + +  (cholestatic  

crisis)
-h

ct AbbreViations: AR, âưtosomaì rccessive: AD. autosomal dominarit.



EHVTHROPOỈFTIC PORPHYRIAS
.: 'í í'.' í •In rias. e ry th ro p o ic tic  p ro to p o rp h v ria  (E P P )  

:ir;.i ■ :" ih r  'p o ie t it  p o rp h y ria , ihc hone m arrow  is the 
iìj;iịỉ'r si ĩ c oi ex p re ss io n  oí the b iochem ica l abno rm al- 

ỉ he nuiịor ciiiiicaỉ m an iíe sta tio n  in  EPP is liíclong 
p h o io sen siù v irv . ìn  co n tra s t to  the o th e r  p o rphv rias , 
phoiosen.sit.ivuy ọ cc u rs  acu ic lv  du  rị nơ su n  cxposure . 
Ervt.bema an d  edem a o f  thc sk in  cỉevelop b u t b listers 
a n d  cro sio n s arc ra rc . C h ro n ic  skiR changes involve 
•'y d v cn ln g  and ìlc h cn iíic a tio n  o f thc  sk in  011 ih e  nose 
an d  ciorsaỉ aspcc ts  o f ihe  hancỉs. O ral a d m in is ira tio n  of 
P -ra ro ĩc n c  rcduces p h o to se n sitiv itv  in m anv paticn ts. 
Ì ’1 sonic cases, the on ly  eíĩcc tive  m anagem en t is use of 
onaquc  sim síTeons o r av o id an ce  of su n  ex p o su re , cven 
íhi'Oìụ;i ) w iik1ow gìass.

: '«< ;,au>hiìiar\ disOíìsc ĩs a n o ih e r  íea iu rc  oí E P Ĩ\ and  
in a p p ro \ im a tc l \ '  5% oi inđiviđuals ,  the o ccu rren ce  of 
S(] I iríu ra l đam age lo  the  liver m ay cause liver ĩa ilu re  and 
n rccssila ic  liver iran sp lan ta tio ĩỉ. Livcr dam aơc is (ìue to 
ỉ !v  í o \ k  V !icct !'■. p ro ío p o rp ỉ iv r in  on  liver íu n c ú o n  and 
sM iieíurc, p arĩicu la rlv  vvhcn ih e rc  is P rogressive accu- 
m n la iion  Oi p ro ĩo p o rp liv rin  in the  l iv c rd u c  to impairecỉ 
cx c rc tio n  oí p ro to p o rp h y rin  in biíc. T herap ies  for ĩh is 
conciiỉion  invoĩve in ĩc r ru p lio n  of the cn te ro h ep a tic  cir- 
r iila tio n  oí p ro ío p o rp h v rin  hy u sin g  ch o lesty ram in e  or 
,vi.ịvak‘u charcoal an d  d cc rcas in g  ihc exccss p ro d u c tio n  
o f p ro io p o rn h v rin  an d  im provinẹ; íiver Íuncíion
• liroui;!' liu ' in tra v cn o u s  ad tu in is ira lio n  of hem alin . 
M(»wc''cr.. \vhcn liver dam age is advanccđ , liver trans- 
pl.-tniaiion is tỉn: on lv  eíĩec tive  trca tm cn t. U níortu- 
naielv , d israso  ỈVequentlv recu rs  in the  í*raft because 
e .essive n ro d u c tio n  oí o ro lo p o rp h y rin  in  the 
honc marrovv is n o t s ign iíìcan llv  changeđ  bv liver 
1 r 1 n sp lan tiiiion .

E ĩy ih ro p o ie tic  p o rp h y ria  is a recessive d iso rd e r  that 
iisttalỊv has onset in in íancy. A few cascs o f aduỉl onset 
ha vo hccvi reportod. s k in  lesions are sirnilar lo thosc in 
o o ro h v ru  cu tanca íã rda . As p a tien ís  age, th e re  m ay be 
Progressive clesiruetion  of the íìngertip s, ears, ancì no.se. 
McmolM lc aneroia an d  sp lenom egalv  are com m on. 
T brriỉpv  ?> gcnorally  su p p o rtiv e . c o n s isú n g  of p ro tec - 
ũon íroiìì sun exposure ancỉ prompi treatment of skin

in íec tio n s. Red h lood  celì tran síu sio n  and  in travenous 
ad m in is tra tio n  of h em a tin  are u sed  to  decrease  the  pro- 
d u c tio n  o í p o rp h v rin . S p lenectom y effects rem issio n  of 
d isease  in so me patien ts.

S E C O N D A R Y  PO R PH Y R IN U R IA  
A N D  PSE U D O PO R PH Y R IA

Several d iseases a re  associa ted  w ith  an  increase in  the 
u r in a rv  ex c re tio n  of p o rp h y rin , pa rticu la rly  co p ro p o r- 
p h v rin  ex c re tio n , w hich  is te rm ed  secondarv  p o rphy- 
rin u ria . T hese  d iseases in c lu d e  v arious types of anem ia 
an d  m alignancy , h cp a to b ilia ry  d iseases, cliabetes, and 
in íe c tio n s . Som e p a tien ts  have abdom inal p a in  and  
o th e r  sy m p to m s oí acu te  p o rp h y ria . H ow ever, w ith  
the  e x c cp tio n  oí leacl p o iso n in g  and hereclitarv tyro- 
s in em ia , u rin a ry  ex c re ũ o n  of ALA an d  PBG is norm al. 
T h e  p a tien ts  also do n o t develop  p h o to c u lan e o u s  le- 
s io n s  likc ihose w ith  ibe p o rphv rias . T hus, the second- 
arv  p o rp h y rin u r ia s  can u sua llv  be d is tin g u ish ed  from  
the  p o rp h v ria s .

P seu d o p o rp h y ria  is a co n d itio n  in  w h ich  the re  are 
sk in  le sions s im ila r to those in p o rp h v ria  cu tan ea  tarda , 
bu  ĩ s e ru m  an d  u r in c  p o rp h y rin  levels are norm al o r only 
m in im allv  eìcvated . T h is  o ccu rs  in  ren a l faiiưre, from  
use oi m e d ica tio n s  such  as n o n sie ro id a l an tiin ílam m a- 
to rv  cìrugs and  tc tracyc line , a n d  from  u itrav io le t A ex- 
p osư rc . T rea tm en t consists  of d isc o n tin u in g  the 
causa live  factor an d  p ro tec ú o n  írorn the sun .

Sce A ỉso the Follow ing Articles 

Hcpatitis c •  Hepatocellular Carcinoma (HCC)
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Portal Hỵpertension and Esophageal Varices
K e v in  M. C o m a r  a n d  A r ư n  J. S a n y a l  

Virginia Commonweaỉth ưniversừy

ascites E x c e ss iv e  a c c u m u la tio n  o f  ílu id  in  the p er ito n ea l 
cavity .

cirrhosis A d v a n ced  liv er  d isea se  ch a ra c ter ized  b y  d isto r ted  
a rch itectu re  se c o n d a r y  to  h ep a tic  íìb r o sis  an d  regen era -  
tive  n o d u le s .

esophageal v a r ic e s  D ila ted  b lo o d  v e s se ls  a ro u n d  the  
eso p h a g u s .

portal hypertension A p orta l p ressu re  >  5 m m H g  in the  
p orta l c ir c u la tio n .

Portal hypertension is directly responsible for the devel- 
opm ent of variceal hemorrhage and ascites, the two major 
com plications o f cirrhosis. Of these com plications, hem- 
orrhage from esophageal varices is an im mediately life- 
threatening event that is associated with a high mortality. 
The prevention and treatment of esophageal varices is 
therefore a cornerstone in the management of cirrhosis.

PATHOGENESIS

D evelopm ent o f Portal H ypertension

T he p o rta l v e in  is ío rm ed  by the co n ílu en c e  of the 
su p e rio r  m esen te ric  vein  an d  the sp len ic  vein . It d ra in s  
b lo o d  from  the sp la n c h n ic  b ed  to the liver, w h ich  is 
d ra in e d  by h ep a tic  veins in  the in íe r io r  v en a  ca va. Fol- 
lovving the p r in c ip le s  o f  O h m s  law, th e  p ressu re  in the 
p o rta l vein  is d e te rm in e d  by the p o rta l v en o u s  in ỉlow  
a n d  the resis tance  to ou tflow  from  the p o rta l vein:

P orta l P ressu re  =  P orta l ven o u s in flow

X R esistance to ou tflow  [1] 

from  th e  p o r ta l vein.

P o rta l h y p e rte n s io n  is in itia ted  by an  in c rease  in  resis- 
tance to  p o r ta l v en o u s  outflow . D ep e n d in g  on the  site  of 
the  inc rease  in  res is tan ce , p o rta l h y p e r te n s io n  m ay also 
be classified as p re s in u so id a l, s in u so id a l, o r p o s ts in u - 
so ida l (T able I). T he m ost co m m o n  cause  o f p o rta l hy- 
p e r te n s io n  is c irrh o sis . T he in c reased  res is tan ce  found  
in c irrh o sis  is in tra h ep a tic  an d  p r im a rilv  s in u so id a l in  
o rig in . Increased  s in u so id a l resis tan ce  resu lts  from  bo th  
a fixed co m p o n e n t d u e  to the a rc h ite c tu ra l d is to rtio n  
assoc ia ted  w ith  c irrh o sis  an d  a d y n am ic  co m p o n e n t due

TABLE I Causes of Portal Hypertension

P resin u so id al
Prehepatic

Sp len ic vein  throm bosis  
Portal vein throm bosis 
C avernous transíorm ation o f  vein  
E xtrinsic com p ression  o f  the portal vein  

Intrahepatic
Primary biliary cirrhosis (precirrhotic stages) 
Primary sc lerosin g  ch olan gitis  
Sarcoidosis 
Sch istosom iasis  

Sin uso id al 
C irrhosis
A lcoh olic  hepatitis 
N odular regenerative hyperplasia  
V itam in  A toxicity  

Posthepatic
Budd-C hiari syndrom e  
V en o-õcclu sive  d isease  
C onsirictive pericardiiis  
T ricuspid valve disease  
Severe congestive cardiom yopathv

to a lte red  reg u la tio n  o f s inuso ida l vascu la r resistance. 
T he la tte r  is rela ted  to decreased  n itr ic  ox ide  (N O ) p ro - 
d u c tio n  by the sinuso.idal en d o th e liu m  in  c irrhosis. c.ir- 
rhosis  is also associa ted  w ith  increased  N O  p ro d u c tio n  
in  th e  system ic c ircu la tio n , w hich  leads to system ic ar- 
te ria l v asod ila tion  an d  a hyperdynam ic c ircu la to ry  State. 
M esenteric  a rte ria l d ila tio n  increases p o rta l venous in- 
flow an d  ĩu r th e r  co m p o u n d s  the severity  o f the p o rta l 
h ^ e r te n s io n .

M e a s u r e m e n t  o f  P o r ta l  H e m o d y n a m ic s

P orta l venous hem o d y n am ics can  be m easu red  by 
h ep a tic  venous ca th e teriza tio n . D uring  th is  p ro ce d u re , a 
b a llo o n  ca th e te r is passed  in to  the h ep a tic  vein an d  ihe 
follow ing param ete rs  are m easured:

F ree  hepatic  ven o u s p ressu re  (FHVP)

=  p ressu re  in  th e  hepatic  vein  m easured  

w ith  the b a llo o n  deílated .



W edged h ep a tic  ven o u s p ressu re  (W H V P)

=  p ressu re  in  the  h ep a tic  vein  m easu red  J 

w ith  the  ballo o n  in fla ted  to  occ lude  the 

hepa tic  vein.
H epatic  v en o u s p ressu re  g rad ie n t (HVPG)

=  W HVP -  FHVP.

T he HVPG rep rese n ts  the p ressu re  in  th e  h ep a tic  s in u - 
so id s  an d  p o rta l vein  and  is a m easu re  o f  p o rta l p ressu re .

D evelopm ent o f Variceal Hemorrhage

O nce p o rta l h y p erten s io n  o cc u rs , n a tu re  d eco m - 
p resses  the p o rta l vein  by the  o p en in g  of a co lla te ra l 
c irc u la tio n  th a t d iverts b lood  from  th e  p o rta l v en o u s  
bed  d irec tly  to ihe system ic c ircu la tio n . T he m ost 
c o m m o n  site for d ev e lopm en t o f su  ch co lla te ra ls  is 
the  gas troesophageal ju n c tio n , w h ere  the co lla te ra ls  
fo rm  th in -w alled  varicose veins.

As n o ted  above, the  p ressu re  in  th e  varix  is de te r-  
m ined  by the  p ro d u c t of v aricea l b lo o d  flow a n d  resis- 
tance. Esophageal varices do n o t develop  a t HPVG 
values less th a n  1 2 m m H g . O n  the o th e r  h an d , HVPG 
values g rea ter than  12 m m H g  do  n o t d irec tly  co rre ỉa te  
w ith  risk  of b leed ing . T his suggests th a t local íac to rs  at 
the  level of the  varices also d e te rm in e  an  in d iv id u a l 
su b je c t’s p ro b ab ility  of b leed in g  (T ab le  II).

T he risk  o f ru p tu re  o f esophageal varices is 
d e te rm in e d  by the w all tension , w h ich  is d ic ta ted  by 
L ap lace’s law:

W all ten sio n  =  T ran sm u ra l p re ssu re  g rad ie n t

X rad iu s  /  th ic k n ess  of the [3] 

variceal wall.

Based o n  L aplace’s law (Eq. [3] ab o v e), large varices 
w ith  th in  w alls an d  a h ig h  in tra m u ra l p re ssu re  a re  
m ost likely to  b leed . V arices in  the d istal e so p h ag u s 
have the least am o u n t o f tissue co v erin g  the  eso p h ag eal 
veins an d  therefo re  are the m ost p ro n e  to b leed . T h in -  
n in g  o f the m ucosa  over a v arix  also c o n tr ib u te s  to 
thc risk  of hem o rrh ag e  an d  is n o te d  clin ically  by the

TABLE II Risk Factors T hat Affect the  
L ikelihood of V ariceal H em orrhage

Portal pressure 
Variceal pressure  
Variceal location  
Variceal size
V ariceal appearance (red signs)
Livcr ĩunction
Previous variceal hem orrhage

TABLE III T ypes of E ndoscopic “Red Signs” 
on  Varices

Red s ig n s

Red w ale marks 
Cherry red sp ots  
H em atocystic sp ots  
D iffuse erythem a

p rese n ce  of “red  sig n s,, o n  en d o sco p y  (T able III). T hese  
in c ỉu d e  red w ale m ark s, ch e rry  re d  spo ts , hem atocystic  
spo ts , and  d iffuse e ry th em a. C lin ical íea tu res , su c h  as 
the  degree o f liver d y s íu n c tio n  an d  h is to ry  o f  p rev io u s 
varicea l b leeds, a re  also s ig n iíican t p re d ic to rs  o f th e  risk  
of dev e lo p in g  variceal h em o rrh ag es.

N A T U R A L  H IST O R Y

A p p ro x im ate ly  30%  o f p a tie n ts  w ith  co m p en sa ted  cir- 
rh o s is  an d  60%  o f p a tie n ts  w ith  d ec o m p e n sa te d  cir- 
rh o s is  have esophageal varices. In  those  vvithout 
varices, the risk  o f de 1ĨOVO v arix  d e v e lo p m e n t is app ro x - 
im ate ly  5% an n u a lly . O n e -th ird  o f all p a tien ts  w ith  var- 
ices ex p e rien ce  varicea ì h em o rrh ag e . T he r isk  of 
b le ed in g  is g rea tes t in  th e  first year after d iagnosis 
a n d  can  be es tim a ted  by  assessm en t o f varicea l size, 
liver íu n c tio n , an d  p resen ce  o f red  sig n s (T ab le IV).

O n ce  varices s ta r t b leed in g , sp o n ta n e o ư s  h em o sta sis  
o cc u rs  in  on ly  50%  o f cases. T he risk  ĩac to rs for con- 
tin u e d  b leed in g  in c lu d e  ad v an ced  live r ía ilu re  an d  large 
s p u r tin g  varices. O nce h em o sta s is  o ccu rs , th e re  is a h igh  
risk  o f re c u rre n t b leed in g  over th e  n ex t 2 —3 days, w h ich  
su b sid es to base line  levels by  6 w eeks. T he risk  íacto rs 
for su c h  “early  reb le e d in g ” in c lu d e  age >  60 years, he- 
m o g lo b in  less th a n  8 g/d l o n  ad m iss io n , rena l ía ilu re , 
ascites, active b le ed in g , re d  signs o r  p la te le t c lo ts  on  
varices, and  overly  aggressive vo lu m e rep lacem en t. 
O verall, each  ep iso d e  o f v aricea l h e m o rrh ag e  co n tin u es  
to be associa ted  w ith  a 2 0 —30%  m o rta lity  rate .

In  the  long  te rm , over 70% o f su rv iv o rs  of an  
in d e x  b leed  w ill ex p e rien ce  re c u rre n t hem o rrh ag e  
if left u n tre a te d  a n d  a s im ila r n u m b e r  w ill d ie w ith in  
1 year. T he risk  of la te  reb le ed in g  >  6 w eeks is lin k e d  to 
Séverity o f live r ía ilu re , ascites, p rese n ce  o f hep a to m a , 
active a lco h o lỉsm , an d  re d  signs.

PRIM ARY P R E V E N T IO N

Selection  o f Patients for Primary Prophylaxis

T he risks o f  varicea l h em o rrh ag e  varies g rea tly  from  
one p a tien t to th e  n ex t. G iven  the  p o te n tia l tox ic ity  of



TABLE IV E stim atcd 1-Year Percentage Probabilitv  
o f Bleeding as a F unction  o f All Possible C om binations 
o f the Endoscopic V ariables

Child,s class

Red w ale  
m arkings

A B c

*F1 F2 F3 F1 F2 F3 F1 F2 F3

— 6 10 15 10 16 26 20 30 42
+ 8 12 19 15 23 33 28 38 54
H—i- 12 16 24 20 30 42 36 48 64
0.-4_i_ 16 23 34 28 40 52 44 60 76

Basecỉ ondata  írom Delranchis, R. (1998). Prediction o í ihe íĩrsL 
variceal hemorrhage in patients with cirrhosis of the livcr and esoph- 
ageaỉ varices. N. Eng/. ]. Mecl. 319, 983.

* Fl> F2, and F3 are progrcssivđy larger variccs.

the available trea tm e n t ap p ro ach es , it is ìm perative  to 
iden tify  thosc  at g rea test risk  o f b leed in g  and  th u s m ost 
likely to  bene íìt from  p rim ary  p rophy ỉax is. Tlìis is 
ach ieved  by clin ical assessm en t and  by end o sco p y  o f 
all p a tien ts  w ith  c irrh o sis  (Table IV). T hose w ith  m e- 
d iu m  to  large varices are  generally  c o n s id e icd  1.0 r pri- 
m ary  p rophy lax is. If no  varices are seen , íoỉlovv-up 
encloscopy is generally  reco m m en đ ed  a t 2 -year in tervals 
a lth o u g h  the cost-effectiveness oi th is  ap p ro a ch  rcm ains 
to be estab lished .

Beta-Blockers

N onselec tive  b e ta -b lo ck e rs  are  the  íìrs l-lin e  trea t- 
m e n t for p rim ary  p ro p h y lax is  of varicea l b leed in g  in 
c irrhosis . T hey decrease  p o rta l p re ssu re  by causing  
b e ta-b lockade , w h ich  allow s unopposecl a -a d re n e rg ic -  
m ed ia ted  m esen teric  a r te rio la r  v aso co n stric tio n . This 
d ecreases p o rta l ven o u s in ílow  an d  th u s po rta l p ressu re . 
At h ig h  closes, b rad y card ia  an d  decreased  card iac  o u tp u i 
also co n trib u te  to th is  eííecl.

T he efficacv an d  saíetv oi p ro p ra n o lo l an d  nado lo ỉ 
have b ee n  eva lua ted  in  a large n u rn b er o f clin ical trials. 
M eta-analỵses have sh o w n  th a t b e ta -b lo ck e rs  red u ce  the 
index  b leed  bv  ap p ro x im ate ly  45%  an d  also  đecrease  
m orta lity  d u e  to  b leed ing  by 50%. H ow ever, ihis is no t 
acco m p an ied  by an  overall im p ro v c m en i in  survival. 
T he bes t p ređ ỉc to r  o f successíu l p rim arv  p ro p h v lax is  
is the ab ilitỵ  to  p ro d u ce  a su sta ined  d ro p  in  HVPG by 
20%  o r to  values less th a n  12 m m  Hg. It has ihe re ío rc  
been  reco m m en d ed  th a t h ep a tic  v-enous ca th e ie riza tio n  
be p e rfo rm ed  p rio r  to  an d  3 m o n th s  afier in itia tio n  oí 
trea tm en t vvith b e ta-b lockers . The cost-effectiveness oi 
su c h  an  ap p ro a ch  rem a in s 10 b e  v a lid a ted  an d  the 
íacilities lo  p e río rm  HVPG m e asu rem en ts  are n o t uni- 
versa lly  available. In  th e ir  absence, 1-he dose of beia-

b lockers is ũ tta tecl to ach ieve a re d u c iio n  in 
rate (HR) to 25%  o f b ase lin e , o r to  5 5 —60 beais Ị cr 
m in u le , an d  is lim ited  by th e  d ev e lo p in en t of siòe 
effects. R cgre ttab lv  the re  is a p o o r co rre la tio n  beiNveen 
HR and  re d u c tio n  in  p o rta l p ressu re .

A p p ro x im ate ly  20% o f p a tien ts  do  n o t resp o n đ  10 
b e ta -b lo ck e rs  an d  an  ad d iù o n a l 20%  are u n a b í t  u* loi 
e ra te  b e ta-b iockers . Risk fac to rs associa tcd  vviih liịgh 
ía ilu re  ra tes in c lu d e  a sm alle r d ec rem e n t in rcsting  
hea rt ra te , y o u n g e r age, advanced  ỉiver íailiire , ỉarge 
varicea l size, an d  lo\vcr doses oỉ beta-b lockcvs. 0 \ e r  
úm e , m anv p a ũ e n ts  also đ ev e io p  lad iyphY Ỉax is duo 
to increasecl veno-collau :raỊ ỊtbisuiiìLC vviihiii IiK' 
ỉiver. The  side cííccis ol beỉ ;i-bio<_kcỉs liìdiicL' pìC-ipi- 
ta tio n  o r vvorseiũng ui congesuvc  ỊiCcUt kũluiL. siiiũs 
b rad y carđ ia , increased  airvvav rcsis iauco . i:\ac e rh a iio n  
GÍ p erip h e ra l vascu la r d iscase , íac iíiia iion  oỉ h\[K 'i;ỉv 
ce in ia , d cp ress io n , taùguc, und sc.Mial dy.^íunciu*!:.

N ũraíes

N ilra les  ac i as v cu o đ iia io is , in lu m  tìccTeuMiig 
ven o u s re lu rn  an d  th e re ío rc  đcc reas in g  ca rđ iac  o iu p u i. 
System ic v enod ila tio iì also clccreases posis inuso id iil u  - 
bistancc an d  conseque iu ly  decícasc^  porỉa l h y p eru  n- 
sion . ln iiia l cỉin icaì tria ỉs  (.o m p an n g  isu so rh n d e  
m o 110 ni tra  le (ỈSM N ) aione versus p ro p ia n o lo l akm c 
ỉouncl 1SMN lo be as cffective as p io p ran o ỉo l íor Ihe 
p rcv e n tio n  o f  bleecỉing: h i)w cv ti, ovcr 30 vc.us
o f age h ad  a p o o re r  surv ival w ith  ISMN. A n o th cr iccen i 
s tu d y  also sh o w ed  iha t 1SMN diu  n o t red u ce  1 he Ìncì- 
d en c e  o f  variccal bleecling o r surv ival in  p a ticn is  vvith 
varices u n ab le  10  to le ra te  b e ta-b lo ck e rs . T hus, n iira tes 
are n o t rec o m m cn d e d  as Itìo n o lh en ip ỵ  for primaiA pro- 
phv ìax is  of variceal hem orrhage .

N itrates Plus Beta-Blockers

\  c o m h in a ũ o n  of ỈSMN vviih a aonscìcciiv 0 hfia- 
b l ơ c k c r  h a s  a  s y n c r g i s t i c  e ỉ l e c í  Oíì Ị )u r ia l  p ivsiH iiov  
C lin ical tria ỉs  have shovvn co ỉn b in a iio n  tỈH ìapy  lo be 
su p e rio r  10 beta-b lockevs a lonc. buclì bcnc iiís  a ic  m osi 
p ro n o im c e d  in ihosevvith  re la livc ỉv  p rcsc rvcd  livci" Ỉ11I1C- 
tion . T he ILSCOỈcoiiibination therap} ibitsuaỉlv ìcsiric ỉeù  
to  su ch  in d iv id u als  o r those Vvhi) CIO ỉiot have a vasuniied 
im p ro v e m en t in HVPG a ítc r stariin.i; hcia-b luckcrs.

Endoscopịc Tỉ ỉ t ra p  V

E n d o sco p ic  sc ie ro th e rap y  (EST) is p e río rm cd  by 
in ịe c tio n  (>r a sc ỉerosan i in io  variccs tha i p rodiic t' 
variceal ih ro m b o sis  and  (.'b liieraũon . liiu!oM.*v»pi\.* 
variccal lig aũ o n  ÍEVL^ is pcríoriĩiecỉ !.»•*.' Ị 'hu ỉ'ig  .•!! elas- 
ũc  o  rin g a rcu m d  iỉie oỉ a Viirix ãPc! suhsi-qucM Ỉv 
cau sin g  s tra n g u ỉa li ' »11 oí tíu: vcin. T h ro ìn b u sls  ;i.ncl
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ÌSC-V.  U ) ị c  H v í  r o s i s o l ! h c  n c c  j " o ũ c  ỈTỈUCOSÍÌ.  í o i ỉ o v y ,  l c i ì c l i n g

■ ' • : hc  o h lííc r .u i*  *n «'í ih c  varix. The 11SC’ o í  E S I  íb r  pri- 
-■ì’* ; í p n ' p ; i v í a \ i s  has b cen  đ iscon tim ieđ  since a ỉarge 
mnlncniUM- ỉ r ia! >.howed increaseđ m orta l i iy  in ihose 
MP<Ỉ0i'C[iíin^ i S ỉ . (Ví í he o th e r  hancỉ. comparecỉ to no 
ụ v  ì i m e m ,  F I \ 'L  d o c ỉ V â s c s  i h e  r i s k  o í  i n c ỉ e x  h l e e d i n g  b v  

íS4‘K.» and  dcciT^ses overail. n io r ta ìhy  by 45%. C on ipared  
ío beĩa-hỉockers, EVl. reduces  thc risk oí b leed ing  hy 
a n p r o x im a ld v  52% nut this cloes no t transla te  in to a 
sit-vivaĩ adv.mta^e. ÍỈYL is cu r ren t lv  ree o m m en d e d  
íor íhose vvith iar^e varices vvho arc unab ỉe  to loỉerate  
beM “Nockc»‘s. T h ere  arc cu rren tlv  no Dubỉisbeđ da ta
■ n co m b in a t io n  o f  heia-M ockers  vvitli bancl 

fọ riihíM hri.ỉ h!«*i Oi FVỈ. iiliĩìic.

S tii ỉn m n  \

Ai! patien ís  \viih c irrhosis  shou ỉd  u n ck rơ o  en d o -  
v v p v  ío asxí.-ss the ri.sk of vaviceal h em orrhagc .  T hose  
.«1 ,nu-:;ìHvuiU ,'ỉ h igh ' isk >houỉv‘l imtìiTgo trca tm en t 
Vvị:h nnn-v lrc i i  vo beti-t-blorker, ó.g., p rop rano io í  or 
naùoloỉ.  The <ỉo>c sh o u lđ  hc tiiratcd to achievc a resting  
hcíiri ra te ()» "53—60 bca ts /m in .  tdeallv , the HVPG shou lđ  
he m easu iv à  beíore and  ì —3 moni.hs a í ter  s la rt ing  
Uirrapv 10 idcm iiv  pooi ìTSDonders lo therapv . Such 
inihvuliỉiìỊs may bo trecitcd bv cKỈđition of nltraurs or 
5'.v ỈĨVÌ.. r v i .  .shouliỉ aìso be eonsiiỉeređ in those  wlio 
r . i rn o i  toìeraie DÌianTiacologic t rea lm en t  (Fig ỉ) .

C I R R H O S I S

J H L

S c ree m iiiĩ  Ị
Ị e n d o s c o p y  tb r  í 

v a ric e s  ị

-C L -

D o é s  th e  p a tie n t h a v e  m ed iu m  
to  ia rg e  v a ric e s?

P a tie n t shouicỉ b e  fo ỉ'low ed  by 
e n đ o s c o p v  c v e ry  2 v c a rs  ỉb r  the  

d e v e ln p m e n t o f  n icd iu m  10 la rg e  
____ v a r i ic s ______________

r I s  th e  p a tie n t ab lc  to  to le ra te  
ị b e ta -b lo c k e rs?

( NO )
y

L ^ n

\ r

T itr a te  b e ta -b ỉo c k e rs  to  a c h ie v e  a  h e a rt I 
ra te  cirop ot' 2 5 %  o f  b a s e i in e , o r  5 0 - 6 0  b e a is  

p e r  m in , o r  rill th e  d e v e lo p m e n t o f  s iđ e  etTects

M e ạ s u re  th e  H V P G  a f te r  1 -3  m o n th s  
o i' th e ra p y

n í -v n a g v :.m i :n t  o f  a c t i v i ;
V ARHir.Al. BLHnDĩNG
Thon- arc í!ii'i'c ỉo a l s  o f  n iar.agem cnt ol activc varicealo o
hom orrhag '.': ( Ị )  h en io d v n am ỉc  re su sc ũ a tio n ; (2) pre- 
ven íi^n  o f  .om nM caĩions- and  (3) ach ieveìĩien t o f he- 
m osĩa^is T h c r a w  m iìsi ho ( ỉired c d  at aìỉ th ree  soa isĩ - o

s ị r n ? . i ỉ i , a n o o u s l v  in  o r d e i *  l o  o p i i m i r . c  o v i t c o r a c s .  í ỉ e m o -

dỵnam ic  i-'Siiscitaíi(>n m u s t  be aggressivelv p u rsu ed
am l \hv  h cm o g lo b in  m a in ia in ed  b e tw een  9  an d  lOg/cll
' Tnble v \  The ư r ine  o u ip u t  shou ld  be careíu llv  m on-
iloretJ and  íluid in íus ions  íit ra ted to m ain ta in  a urine
nu ip u t  c,reatrr than  50 cc/h- The airwav Tnust be
p r r i t ‘1. u \l  and the p a iio n t in tuba ted  [ị b e  o r  she  is i i
irn.ihỉc ĩo  ' k a r  seíTCtions in the airway. Rlood an d
íscUcs Ikỉiđ vlìould h c  obtainecỉ for cu l tu re ,  and  D1*0 - 

b roac ỉ-snectrum  antib io tics,  c.g., ce ío tax im e, 
-|v'Vik! !x -vỊmlnis^ered in íravenouslv  untii  cu ỉ tu re  
-esiĩIiN vre ĩ!e!ernìined. In the  absence o í posirive cul-
• ìir - -nr.Ịiíani -;!’> ?v3cieria] Dcriíonitis (SBP), treat-  

Í'-V.1 \ hc v.vitcỉìed >o iTỉ oraì q u in o lo n c .  e.g., 
(V i!o \  ;P. v p  ' ?. w eeks  for p r im ary  p rophy lax ìs

ị Is th e  H V P G  <  12 m m  H ẹ?

I________

FIGIJRF. 1 Primarv prevention  T hese are on ly  general gu ide- 
lines and appropriate therạpy sh ou ld  be based  on  the patient's 
ind ivìdual circu m stan ces and the cxpertisc available.

First-Line Therapy for Achievem ent 
o f M em ostasis

Pharmacoỉogic Treatment

V a so p re ss in  a n d  its  an a lo g u es V asopressin  in- 
te rac ts  w iih  a rte ria l sm o o th  m usc le  recep to rs  to in d u ce  
sp la n ch n ic  a r te rio ỉa r  v aso co n stric tio n , dec reasing  
bloocl 0ow  to alì sp la n ch n ic  o rgans and  resu ltin g  in  a 
d ec lin e  in  p o rta l p ressu re . T he use  o f vasopressin  has



TABLE V M anagem ent of Patien ts w ith  Active 
V ariceal H em orrhage

H em odynam ic resuscìtation
M aintain hem oglobin  betw een  9 and 10 g /d l 
Replace platelets in actively  b leed in g  patients w hen  levels  

fall b elow  50 ,000 /m l 
Airway protection

Intubate for aspiration p n eu m on ia  preven tion  
Renal support

Preserve urine ou tp u l above 50  m l/h  
A void nep h rotox in s  

Sepsis prevention
o b ta in  b lood  and ascites ilu id  for culture and prophylactic  

broad-spectrum  antib iotics  
N eu ro log ic  support

M onitor m ental status and avoid sedation  
M etabolic support

M onitor and treat electrolyte abnorm aliúes 
M onitor and treat en d ocrin e abnorm alities 
Trcat a lcoh o l withdraw al w hen  ind icated

d ec lin ed  due to its side effects, w h ich  in c lu d e  m yocar- 
d ia l an d  in te stin a l ischem ia, h y p e rte n s io n , b rad y card ia , 
h y p o n a trem ia , and  ílu id  re ten tio n . Som e of these effects 
can  be m in im ized  w h ile  en h a n c in g  th e ra p eu tic  efíìcacy 
by co n c o m itan t a d m in is tra tio n  o f n itrog lycerin .

T erilip ressin  is an  in e rt ana logue of vasop ressin ; due 
to its slow  ac tiva tion , te rlip re ss in  has less tox ic ity  than  
v asop ressin  alone o r in co m b in a tio n  w ith  n itrog lycerin . 
T erlip ressin  has also b een  sh o w n  to be b e tte r  than  
p lacebo  o r  v asop ressin  a n d  sim ila r to so m a to s ta tin  or 
balloon  tam p o n ad e  in  acu te  variceal b leed in g  m anage- 
m en t. C urren tly , T erlip ressin  is n o t availab le for c lin ical 
use  in  the U n ited  States.

S o m a to s ta tin  a n d  its  an a lo g u es S om atos ta tin  in- 
h ib its  the  release of sp la n ch a ic  vasod ila to rs h o rm o n es, 
su ch  as g lucagon  an d  vasoactive in testinal p ep tid e , 
thereby  increasing  m esen teric  a rie rio la r tone an d  de- 
c reasing  po rta l v enous inflow . S om atos ta tin  is as effective 
as vasop ressin  in the co n tro l o f the b leed ing  an d  has a 
low er risk  o f adverse effects. T he beneíìc ia l effects of 
so m ato sta in  over vasop ressin  have m ade so m a to sta tin  
the pharm aco log ica l trea tm e n t of cho ice for actìve b leed- 
in g e v en  th ough  no  decrease in m o rta lity  has been  clearly  
proven . C ircu la ting  so m a to s ta tin  has a half-life o f on ly  a 
few m in u tes  and th is has led  to use o f its  longer ac ting  
ana ĩogue , octreo tide . AI th o u g h  th e re  is som e co n troversy  
over the relative efficacy o f oc treo tide  v ersus som ato- 
s ta tin , the use of o c treo tid e  w ith  EVL or EST has been  
found  to be su p e rio r  to e ith e r  EVL or EST alone in  term s of 
ach iev ing  hem ostasís  o r p rev en tio n  o f early  reb leed ing . 
H ow ever, no  change in overall m orta lity  has  been  dem - 
o n stra ted  w ith  e ith e r  so m ato s ta tin  o r octreo tide .

E n d o sco p ic  th e ra p y  EST is h igh ly  effective in 
ach iev ing  h em o sta sis  (7 0 —90% ) and decreasing  the 
r isk  o f early reb leed in g  (2 0 —30%) com pared  to vaso- 
p re ss in  or ba llo o n  tam ponade . EST is as effective as 
so m a to s ta ú n  o r o c treo tid e  b u t less effective than  com - 
b in a tio n  therapy . U n ĩo rtu n a te ly , endoscop ic sc lero ther- 
ap y  has a 10 to 30%  com plica tion  ra te  (T able VI) and  a 
0 .5 to 2% m o rta lity  rate . EST and  EVL are com parab le in 
te rm s o f efficacy w hen  used  for active varìceal h em or- 
rhage. EVL has a low er reb leed ing  rate , low er m orta lity  
rate , an d  low er inc idence  of com plication  than  EST; 
how ever, in  cases o f severe b leeding, lim ita tio n  o f ihe 
íìe ld  of V ision m a k e s  EVL m o re  ch a llen g in g .

FA ILUR E O F FIRST-LINE THERAPY  
(S E C O N D -L IN E  TR EA T M E N T )

A p p rox im ate ly  10—20% of patien ts e ith e r  co n tin u e  
to b leed  d esp ite  first-line therapy  o r  experience  early 
reb leed ing . S uch  p a tien ts  are a t great risk  of dying 
from  ex san g u in a tio n  and  from  the co m p licaú o n s of 
varicea l h em o rrh ag e , su ch  as asp ira tion , sepsis, and 
h ep a to ren a l syn d ro m e. lt is there ío re  im perative to 
q u ic k ly  stab ìlìze the p a tien l and  p erío rm  a salvage 
p ro c e d u re  in  su ch  cases.

Balloon Tam ponade

T his te ch n iq u e  u tilizes  a balloon  ca th e te r th a t me- 
chan ically  tam p o n ad es  the b leed ing  varix. T here are  sev- 
era l types o f b a llo o n  ca th e te rs  th a t are used  for this 
p u rp o se  an d  all can qu ick ly  achieve hem ostasis. U nfor- 
tu n a te ly , th e re  is a very  h igh  risk  of b leed ing  w hen  the

TABLE VI C om plications of Sclerotherapy

Local
Stricture íorm ation  
u lcera tio n  
Períoration  
B leeding
E sophageal d ysm otílity  
P ain /odynophagia  

R egional
P leural effusion  
M ediastin ilis  
A cute gastric d ilaú on  

S ystem ic
Pulm onary edem a  
A spiration pneum onia  
S epsis
Spontaneous bacterial periton ìtis 
A d u ll respiratory d istress syndrom e 
Portal vein  throm bosis



b a llo o n  is deílated . M oreover, p ro lo n g ed  in su ffla tio n  of 
the ba lloon  can lead to m ucosal nec ro sis  an d  u lce ra tio n . 
F inally , ba lloon  tam p o n ad es o cc lude  the  g as tro e so p h a - 
geal ju n c tio n  and  p rev e n t c learance o f sw allow ed  saliva 
a n d  secre tio n s, the reby  crea tin g  a h ig h -risk  s itu a tio n  for 
p u im o n a ry  a sp ira tio n . T hese risk s can  be m in im iz ed  by 
p ro tec tin g  the airw ay  by in tu b a tio n  an d  by the use o f an  
esophageal a sp ira tio n  port. B alloon ta m p o n ad e  is u sed  
on ly  as a tem p o rary  m easure  w h ile  p re p a ra tio n s  are 
m ade  for a dcíìn itive  p ro ced u re .

Surgery

T he surg ical o p tio n s  available for acu te  variceal 
b leed in g  consist o f  sh u n t or n o n sh u n t o p era tio n s . 
S h u n t o p era tio n s  d eco m p ress  the p o rta l sy stem  an d  
are to ta l, p artia l, o r  selective. T otal s h u n ts  re d ire c t all 
p o rta l b lo o d  aw ay from  the  liver an d  are  h ig h ly  effective 
in te rm in a tin g  active b leed ing  an d  p rev e n tin g  íu tu re  
b leeds. ư n ío r tu n a te ly , ap p ro x im ate ly  40  to 50% p a- 
tie n ts  w ho u n d e rg o  to tal sh u n ts  w ill have ch ro n ic  o r 
re c u rre n t en cep h a lo p a th y  an d  acce le ra ted  p ro g re ss io n  
o f u n d e rly in g  liver ĩa ilu re. S uch  o p e ra tio n s  are n o t p er- 
ío rm ed  as íirst-line th e rap y  because the  o u tc o m es w ith  
EST have b een  show n to be co m p arab le  to those  for 
u rg en t po rtacava l sh u n t surgery .

P artia l sh u n ts  p rese rve som e h ep a tic  p o rta l p e ríu - 
sion  an d  in  tu rn  red u ce  the  rates o f en c ep h a lo p a th y  an d  
iiver ĩailure. N onethe less, the in c id en ce  o f early  sh u n t 
th ro m b o sis  is rela tively  h igh. Selective s h u n ts  d iv ide  the  
p o rta ỉ system  in to  a d eco m p ressed  varicea l co m p art-  
m e n t an d  a h y p erten siv e  su p e rio r  m e se n te r ic —p o rta l 
ve in  co m p artm en t. T he m ost p ro m in e n t se lec tive  
sh u n t is d is ta l sp le n o re n a l s h u n t (DSRS), w h ich  m ain - 
ta ins a ce rta in  degree o f  liver p e r íu s io n , avo ids d is- 
se cũ o n  o f the h ilu s , an d  th e re ío re  d o es n o t in te r íe re  
w ith  su b se q u en t liver tran sp lan ta tio n . T he d raw b ack  
to DSRS is th a t s in u so ỉd a l h y p e rte n s io n  persis ts , an d  
ascỉtes, w h ich  does n o t resolve, can  be d iffìcu lt to  m a n - 
age. N o n sh u n t o p era tio n s  in c ỉu d e  esophageal tran sec- 
tion  a n d  devascu larization . E sophageal tra n se c tio n  is  
h igh ly  effective in  a rrestin g  b leed in g  from  eso p h ag eal 
varices u n resp o n siv e  to m ed ica l the rapy , b u t reb le ed in g  
from  gastric  varices an d  the tran se c tio n  lin e  is a p ro b ỉem  
in  50% o f p a tien ts . T he co m p le te  d ev a sc u la riz a tio n  
(Suguira) p ro ce d u re  is h igh ly  effective in  c o n tro llin g  
active hem orrhage . Such o p e ra tio n s  ca rry  a reb le ed in g  
ra te o f  2 to 37%  an d  have a rep o rte d  m o rta lity  rate  o f 
5% o r h igher.

Transjugular Intrahepatic Portosystem ic Shunts

T ran sju g u la r in tra h ep a tic  p o rto sy s tem ic  sh u n ts  
(T1PS) is an  ang iog raph ic  p ro ce d u re  in  w h ich  a

íe n es tra ted  m e ta l s te n t is d ep lo y ed  b e tw een  the 
in tra h ep a tic  p o r tio n  o f  th e  p o rta l vein  an d  th e  hepa tic  
vein , thereby  c re a tin g  a “sid e  to s id e” po rta -sy stem ic  
anastam osis . T he ab ility  to d ec o m p ress  the porta l 
v e in  w ith o u t the n eed  for general an esth esia  o r  m ajo r 
su rgery  h as led  to a re su rg en c e  in  in te re s t in  p o rta l 
d eco m p ress io n  in  p a tie n ts  w ith  active and  re írac to ry  
variceal h em o rrh ag e . TIPS can  be p e ríb rm e d  success- 
fully in  over 90%  of cases a n d  ach ieves hem o stasis  in  
o ver 90%  of cases. It a lso  h as  b een  sh o w n  to im p ro v e  
surv ival in  th is  g ro u p  o f very  sick  ind iv iduals . T hus, 
TIPS is the p ro c e d u re  o f  ch o ice  for salvage th e rap y  in  
h igh -risk  in d iv id u a ls  w h o  co n tin u e  to b leed  o r have 
severe early  reb le ed in g  a íte r  first-line therapy .

TIPS is asso c ia ted  w ith  n u m e ro u s  co m p lica tio n s 
(T able VII) in c lu d in g  en c ep h a lo p a th y , hem olysis , an d  
th rom bosis . In  th e  lo n g  te rm , v ir tu a lly  all p a tien ts  đe- 
velop  re c u rre n t p o rta l h y p e r te n s io n  d u e  to th e  in g ro w th  
o f tissue from  the su rro u n d in g  liver, w h ich  form s a 
p se u d o -in tim a l lin ing  in  th e  sh u n t. T his req u ire s  pa- 
tien ts  to u n d e rg o  p e r io d ic  so n o g rap h ic  sc re en in g  ío r 
sh u n t pa tency  afte r TIPS p ĩacem en t. ư n ĩo r tu n a te ỉy , so- 
n o g raphy  is specific  b u t re la tive ly  in sensitive  for the 
d iagnosis  o f s h u n t stenosis .

S u m m a r y

M anagem en t o f active variceaỉ b leed in g  in c lu d es 
h em o d y n am ic  re su sc ita tio n , p re v e n tio n  an d  trea tm e n t 
o f co m p lica tio n s, an d  h a ltin g  the b leed . S om atosta tin , 
o c treo tid e , o r te rlip re ss in  m ay be s ta rte d  in  the em er- 
gency  ro o m  an d  g iven in  c o n ju n c tio n  w ith  EST o r EVL. 
T hose  w ho fail íirs t-lin e  th e ra p y  sh o u ld  be s tab ilized  
an d  a defin itive p ro c e d u re  (TIPS for h ig h -risk  cases 
and  TIP5 o r  su rg ery  for average-risk  cases) p e rfo rm ed  
qu ick ly  (Fig. 2).

TABLE VII C om plications o f T ransjugu lar 
ln trah ep atic  Portosystem ic S hun ts (TIPS)

P rocedure-linked  co m p lica tion s  
N eck  hem atom a  
Perihepatic heraatom a  
Cardiac arrhythm ias 
Rupture o f  liver cap su le  
Puncture o f  portal vein  

C om p lication s related to p ortosystem ic  sh u n ting  
H epatic en cep h a lop ath v  
Increased su scep tib ility  to bacterem ia  
Liver íailure  

Sient-related  co m p lica tion s  
TlP S-associated  h em o ly sis  
In íection  o f  the sten ts  
Stent sten osis or m alíu n ction
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FIGURE 2  M anagem ent o f  active hem orrhage. T hesc are only  
general g u id é lin e s  and appropriate therapy sh o u ld  be based on the 
p atien t’s  ind iv id u al circu m stan ces and the exp ertise  available.

S E C O N D A R Y  P R E V E N T IO N

G iven  th e  h ig h  recu rre rice  ra te  o f reb le ed in g , a ite n iio n  
m u s t be g iven  to  p ro v id in g  se co n d a ry  p ro p h y la x is  to 
th o se  w ho  su rv ive an  in d e x  bleed . T he  ireatm e.n l 1110- 
d a litie s  availab le  are  id en tica l to th o se  u se d  for p rim a ry  
p ro p h y lax is  a n d  acu te  m a n ag em en t.

E ndoscopic Therapv

EVL is c u rre n tly  the  p ro c e d u re  oí cho ice  íb r the 
se co n d a ry  p re v e n tio n  o( esophageal varicea l h e in o r- 
rhage . C o m p ared  to sc ỉe ro th e ra p v , EVL sh o w ed  ea rỉie r 
varicea l o b lite ra tio n , few er c o m p ỉic a tio n s , less reb leeđ - 
ing , a n d  a tre n d  to w ard  d ec reased  m o rta litv . T h e  corn- 
b in a tio n  o f EST an d  EVL d o es  no t p ro v id e  any  ad v an iaẹe  
o v e r  EVL a l o n e  a n d  1S a c l u a l i v  a s s o c i a t e d  Vvitlì h i g ỉ i c r  

m orta lity .

Beta-Blockers

S tud ies o n  th e  e íĩec i o f  b e ta -b lo ck e rs  as seco n d arv  
p rcv c n tio n  suggest th a t b c ta -b lo ck e rs  red u c e  th e  risk  of

b le e d in g  bv  a p p ro x im a te ly  40%  an d  n sk  oi d e a th  bv 
20% . A c ru c ia l p rcd ic tiv e  factor in the cffecLivencss of 
b e ta -b lo c k e rs  is its  ab ility  to  decrease HPVG bv 20%  or 
m ore. G ood  re sp o n d e rs  lo  bela-b lockers are co n sid ered  
p a tie n ts  vvith 20%  o r m o re  red u c tio n  in HPVG an d  are 
m u c h  less likelv  (2 of 25 versus 23 o f 44) to  have 
ep iso d es of reb le ed in g  w ith in  the  íìrst 28 m o n th s  of 
th e rap v . P a tien is  w ith  vvell-preservecỉ hepatic  sv n th e tic  
íu n c tio n  seem  to b en e íìt the  m ost (rom b eta -b ỉo ck e r 
th e rap y . O veraỉl. EST is associa ted  vvith a iovvcr reb leed  
ra tc  th a n  b e ia -b lo ck e rs  bu i the  efft‘Cis oí these ilìLTapies 
ơn n ic r ta lũ v  are  sim ilar. Receiìt s iud ies ir.đ icaie ĩ Ha! 
EVL is at lcast as elTective lx*ía-biockei> 'hìi the 
p re v e n tio n  o í re c u rre n t variceaỉ biecding.

B e ia -B lo c k e r  P iu s  O ra l  N i ĩn ứ t ^

C o m b m a u o n  p h a r n u u A > ì o ^ i c  i h e r a i » \  l i i i S  Ỉ X i  n  

sh o w n  lơ be m o re cíĩcctive than  ỉiS i o r EVỈ,. in tvvo 
s lu đ ie s  oi p a tien ts  Vvith well-prei>crvcci ỉivei' lu n c u o n  
from  th e  sa m e cc n ie r. ỉn  tvvo o ih e r  s»iuclies. co in b in a tio n  
th e ra p y  \vas íbunđ  lo be equaily  LIS ellecùvc as EVL. The 
p o t e m ia l  r o le  o í c c m b in a ũ o n  ih e ra p y  o  c v o lv iỉì^  a n d  A 
m ay b ecom e au a ỉiernativv  ta  li Vi. ÍOÍ ỉlnr p ìé v u u io ì i ;.»» 
re c u rre n t variceal h e m o n h a g e .

Transjugular ĩntrahepaũc Portosvsiem ic Shunts

TIPS đ ec reases  ihe  risk o f rec u rrem  b ỉeeđ ing  m o re 
effectively  th an  en d o sco p ic  therapy . Hovvever, th is  is 
n o t assoc ia ted  w ith  a surv ival advaniage. T here is also 
a n  in c re ase d  risk  o f e n c ep h a lo p a th y  follow ing TĨPS. In 
so m e cases, TTPS is fo llow ed  bv Progressive liver ĩa ilu re. 
F m allv , p a tie n ts  re q u ire  m u ltip ie  follow -up so n o g ram s 
a n d  a n g io g r a m s  fo r  th e  cle tec tion  a n d  t r e a t rn e m  o í s h u m  
sten o sis . T hese  c o n s id e ra iio n s  have rd eg a led  ihe  ro le oỉ 
TIPS to  a saìvage tre a tm e n l in ihosc w ho rebleeđ desp itc  
ad e q u a te  en d o sco p ic  a n d  pharniacoIogÌL’ ihcrapv.

Surgery

T h e e ff ic icn o  o f surg ical rreaim eni íor reh leeđ in ^  
'p revem io il íỵ oĩí.:>:v-t >kUi1ív.: vV > i i \  ’ V. {
o u tc o m e  a íĩcr  sc le ro th e ra p v  is I đen  ti ca ỉ to or he i te r  ihan 
iha t ach icved  bv  su rgcrv . hì ackhiion, I.v.^iopcr.uivc 
m o rta lity  and  co m p lic a tio n s  a re  m ore considerab le  
w ith  su rgery . R egard ìcss of iìvc h n ù ia iio i^  oi su rc ,cr\\ 
su rg e rv  rem a in s  a valuab le  forni oí ư ea tm en t in se lec teđ  
p a i i c n t s  \ v ỉ n >  J ỉ  t* { c ( ĩ a c u  ìi"' .’ Ĩ O   ̂ í”fi ' 1 í ì u  • u u  , .

T h e  o u ic o r n c s  a i t e r  su ríj;c ry  a rc  b c s i  \ì\  lÌK ^é  ù  \vcii- 
p re s c n  cii livcr IIInci3í.5‘:ỉ>.

Liver Transplaní

O rth o to p ic  live r tra n sp ỉa iú  ^ULT; IS íhe on ỉy  rem - 
edv  ih a t p rov ides ỉon.u-icrn; Mvaírnor.! ĨOY prv\\'ịV .ìon  of



reb leed ing , hepa tic  d ec o m p e n sa tio n , an d  d ea th . OLT 
p ro v id es an  8 0 —90%  1-year surv ival ra te  a n d  a 60%  
5-year survival rate . OLT m ay be c o n s id e red  in  those  
w ith  re c u rre n t variceal b le ed s  o r th o se  w ith  severe 
liver ía ilu re. U n ío rtu n a te ly , th is  o p tio n  is n o t availab le 
to m any  su b jec ts  and , w h en  ava ilab le , is lim ited  by  
o rgan  availability .
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Portal Vein Thrombosis
Patrick s. Kamath 
Mayo Cỉinic and Foundatỉon

ascites Presence of fluid in the peritoneal cavity. 
hepatic encephalopathy N europsychiatric m an iíestation s  

associated w ith  liver đisease. 
hyp ersp len ism  R eduction  in  two or m ore o f the form ed  

elem ents o f blood as a m anifestation of sp lenom egaly; 
associated w ith  a normal bone marrow. 

portal h yp ertension  Elevation in pressure in the portal 
venous system . B leeding from esophageal varices, ascites, 
and hepatic encephalopathy are com plications o f portal 
hypertension.

portal venous sy stem  Vessel pathway bcginning and end in g  
in the capillaries.

Portal vein thrombosis is a common cause of portal hy- 
pertension in the absence of chronic liver d isease, espe- 
cially in children. The clinical manifestations of portal 
vein thrombosis depend both Oĩi the extent and the du- 
ration of the thrombosis. Thus, patients may present with  
abdominal pain, diarrhea, or gastrointestinal bleeding.

PA TH O G EN ESIS OF PORTAL 
V EIN  TH RO M BO SIS

P o rta l v e in  th ro m b o s is  in  ch ild re n  is u sua lly  a re su lt of 
u m b ilica l cơ rd  sepsis  o r foliow s ca th e te r iz a tío n  of the 
u m b ilica l vein . In  ad u lts , p o rta l v e in  th ro m b o sis  is sec- 
o n d a ry  to d iseases tha t re su lt in  in c reased  co agu lab ility  
o f th e  b lo o d . T h ese  inclucìe h eritab le  o r acq u ired  d is- 
o rd e rs  o f co a g u la tio n , ca n ce r  (especia lly  h ep a to c e llu la r  
c a n c e r) , in tra a b d o m in a l sepsis , in ílam m ato ry  bow el 
d isease , a n d  p o s to p e ra tiv e  sta tes. P o rta l vein  th ro m b o s is  
m ay  re su lt fro m  ex ten s io n  o f th ro m b o sis  in  th e  vein  
fo llo w in g  sp len ec to m y . In y o u n g  w om en , o ra l co n tra - 
cep tiv e  u se  is a n  ad d itio n a l risk  factor. In p a tie n ts  w ith  
c irrh o s is  o f th e  liver, p o rta l v e in  th ro m b o sis  o cc u rs  in  
less th a n  1% of p a tien ts . H ow ever, am ong  p a tien ts  w ith  
c irrh o s is  a n d  w ith  p o rta l vein  th ro m b o sis , h ep a to ce llu - 
la r ca rc in o m a  o cc u rs  in  u p  to  25% of pa tien ts .

NORMAL PORTAL CIRCULATION

T he p o rta l vein  serves to d ra in  a lm ost the e n tire  g as tro - 
in te stin a l tract, sp leen , pancreas, an d  gallb ladder. T he 
po rta l vein  is ap p ro x im ate ly  7 cm  in  leng th  an d  co u rses  
in  the h ep a to d u o d en a l ligam ent, u sua lly  d o rsa l to  the  
b ile d u c t an d  h ep a tic  arte ry , an d  div ides in to  tw o lo b a r 
veins, the left an d  the rig h t, beío re  en te rin g  th e  p o rta l 
fissure. T he su p e rio r  p an c rea tico d u o d en a l a n d  left gas- 
tric veins d ra in  in to  the  po rta l vein  n ea r its  o rig in . T he 
u p p er 5 cm  o f the p o rta l vein  usually  receives n o  v en o u s  
b ranches. T he um bilica l vein  an d  the p a ra u m b ilic a l 
veins m ay d ra in  in to  the left b ran ch  o f the  p o r ta l 
vein, vvhereas the cystic vein  d ra in s  in to  the  r ig h t p o rta l 
vein.

The po rta l vein  co n s tilu tes  the m ajo r o xygen  su p p ly  
to the  liver. P orta l v enous flow is ap p ro x im a te ly  
1 1 5 0 m l/m in , as o p posed  to hepatic  a r te ria l flow, 
w h ich  is only 350 m l/m in , resu lting  in  to ta l liver 
b lood  flow o f 1500 m l/m in . T he po rta l v e in  su p p lie s  
b etw een  50 and 70% of the  oxygen  to the lỉver, espe- 
cially d u rin g  the fasting State.

CLINICA L PR ESENTATIO N

P o rta l v e in  th ro m b o sis  is c lassiíìed  as acu te , su b acu te , or 
ch ro n ic . A cute p o r ta l vein  th ro m b o s is  m an iíe sts  as ab- 
d o m in a l p a in  th a t  m ay b e  assoc ia ted  w ith  d ia rrh ea . T he 
p a in  is n o n sp e c iíìc . R ad io log ical im ag ing  in  these  pa- 
tie n ts  d e m o n s tra te s  th ro m b o s is  o f the  po rta l v e in  w ith - 
o u t s ig n ifìcan t co lla te ra l c irc u la tio n . S ym ptom s are 
u su a lly  p re se n i for days. In  su b a cu te  p o rta i vein  th ro m - 
bosis , sy m p to m s are  p re se n t for days to w eeks, an d  im - 
ag ing  s tu d ie s  s h o w  a co lla te ra l c irc u la tio n  in  a d d itio n  to 
th e  p o r ta l vein  th ro m b o sis . In  ch ro n ic  p o r ta l vein 
th ro m b o s is , the  p o rta l v e in  m ay  n o t be v isu a lized  an d  
is re p la c e d  by a n  ex tensive  n e tw o rk  of co lla te ra l veins, 
th e  so -ca lled  c a v e rn o u s  tran sfo rm a tio n  of th e  p o rta l 
vein . W h e n  p o r ta l vein  th ro m b o s is  o ccu rs  in  p a tien ts  
w ith  c irrh o s is  o f the liver, a d d itio n a l clin ical features 
in c lu d e  íư r th e r  d e te r io ra tio n  in  liv e r fu n c tio n  m an iíest- 
in g  as ascites, a n d  w o rsen in g  encep h a lo p a th y .

P hysica l e x a m in a tio n  of p a tie n ts  w ith  p o r ta l vein 
th ro m b o s is  is n onspecific . P a tie n ts  in  w hom  th ro m b o sis  
has e x te n d e d  in to  the  sm a lle r veins of th e  porta l



c irc u la tio n , espec ia lly  th o se  c losely  a p p lie d  to the  
bow el, m ay have ab d o m in a ì te n d e rn ess . w h e n  the  
sm aỉl vessels a re  th ro m b o se d , th e re  is an  in c re ase d  
r isk  of d ev e lo p in g  isch em ia  o f the bow el th a t m ay  p ro -  
g ress  to  in ía rc tio n  a n d  p e rito n itis . S uch  p a tie n ts  are 
m o re  like ly  to have h em o d y n a m ic  in s tab ility .

D IA G N O SIS

R ou tine  b lo o d  tests a re  n o t h e lp fu l in  m a k in g  a d iag n o sis  
o f p o r ta l vein  th ro m b o sis . D iagnosis  is u su a lly  m ad e  
w ith  rad io log ica l in v es tig a tio n s , su c h  as D o p p le r  u ltra -  
so n o g rap h y  o r, p re fe rab ly , C om pu ter to m o g ra p h y  (C T ) 
scan s o f th e  ab d o m en . M ag n e tic  re so n a n c e  im ag in g  is 
h e lp íu l b u t n o t o ften  u se d  in  the  in itia l in v e s tig a tio n  of 
these  p a tien ts . M esen te ric  an g io g ram  is th e  go ld  S tan
d a rd  in  d e m o n s tra tin g  th ro m b o s is  in  the  p o r ta l vein , b u t 
is u su a lly  req u ire d  on ly  if the  p la n  invo lves su rg e ry  to 
d ec o m p ress  the  p o rta l sy stem . In v es tig a tio n s  a re  also  
ca rrie d  o u t to  ex c lu d e  in h e ri te d  a n d  ac q u ire d  d iso rd e rs  
o f coagu la tion .

TREATM ENT

T re a tm e n t o f p o r ta l v e in  th ro m b o s is  is  ch a llen g in g . 
L o n g -term  a n tico a g u la tio n  is re c o m m e n d e d  in  all pa- 
tien ts  w ith  p o rta l vein  th ro m b o s is  w ith  an  u n d e r ly in g  
th ro m b o p h ilia . A n tic o ag u la tio n  is a lso  re c o m m e n d e d  in  
p a tien ts  w ith  an  acu te  o r su b a c u te  p re se n ta tio n , p ro -  
v id ed  these  are n o  c o n tra in d ic a tio n s  su c h  as  ac tive  
b leed ing . In  the ra re  p a tie n t w h o  p re se n ts  w ith in
2 4 —48 h o u rs  of the  o n se t o f p o r ta l v e in  th ro m b o s is ,

th ro m b o ly tic  th e rap y  in  an  a ttem p t to dissolve the 
c lo t m ay be tried . P atien ts  w ith  ch ro n ic  p o rta l vein 
th rom bosis p resen t p redom inan tly  as portal hypertension  
m a n iíe s tin g  w ith  variceal b leed in g  an d  hypersp len ism . 
In  su c h  p a tie n ts  w ith  large esophageal varices, an tico - 
ag u la tio n  is n o t reco m m en d ed . P atien ts  w ho  p re se n t 
w ith  g as tro in te s tin a l b leed in g  can  be trea ted  e ith e r by 
in je c tio n  o f a sc le ro san t in to  the varices or by b an d  
lig a tio n  of th e  varices. Surgical sh u n ts  are u sed  in  pa- 
tie n ts  in  w h o m  b leed in g  c a n n o t be co n tro lỉed  by con- 
se rva tive  m easu res ; th is  involves co n n ec tin g  a b ran c h  of 
th e  p o r ta l v en o u s  system , e ith e r  the sp len ic  vein  o r the 
s u p e r io r  m esen te ric  vein , to a system ic vein , su ch  as the 
ren a l v e in  o r  in íe r io r  vena cava.

See Also the Following Articles

Ascites •  Hepatic Encephalopathy • Portal Hypertension and 
Esophageal Varices
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gastrocolic  reílex  Changes in the m otility  o f  the large  
intestine follow ing ingestion  o f a m eal. 

migrating motor complex M otility pattern o f  the in terd iges- 
tiv e  State in  th e  sm all in te stin e . 

power propulsion M otility pattern that p ropels the intra- 
lum inaỉ contents rapidly over lo n g  dist.an.ces in the sm all 
and large intestine.

Ingestion of a nutrient meal initiates specialized pattem s  
o í postprandial m otiỉity in the stom ach and sm all and 
large intestine. Postprandial m otility in the reservoir o f  
the upper stomach relaxes the gastric w all to accom mo- 
date the increasing voỉume during active ingestion of a 
meal. Postprandial m otility in the antral region o f the 
stomach triturates the contents lo  particles of sufficiently  
sm all size for effective emptying into the sm all in testine. 
Mixing movem ents are the characteristic m otility  pattern 
in the small intestine, and the increased incidence o f  
mass movem ents and a generalized increase in m ixing- 
like m ovem ents occur in the large intestine follow ing  
ingestion of a meal.

INTR O D U C TIO N

F o llow ing  in g estio n  o f a m eal, w h e n  th e  g as tric  w all is  
n o t re lax in g  in  response  to the sw allo w in g  an d  íilling  
p rocess th a t in itia tes p o s tp ran d ia l m o tility  in  th e  u p p e r  
stom ach , th e  m uscles in  th e  vvall o f th e  g as tric  re se rv o ir  
contract, exerting controlled com pressive forces on  the  
c o n ten ts  o f the  u p p e r  s tom ach . In  the  a n tra l s to m ac h  
reg ion , th e  p o stp ran d ia l m o tility  p ro ce ss  effects p u lv e r-  
iza tion  of food particles. P articu la te s  in  th e  s to m a c h  are  
n o t em p tied  u n til they  are re d u c e d  to sizes less th a n  
ab o u t 5 m m . T he red u ced  size o f  th e  p a rtic le s  in c re ase s  
the su rĩace  area for ac tio n  by  d igestive  en zy m es in  the  
sm all in testin e . In the  sm all in te s tin e , m ix in g  m ove- 
m en ts, the  charac teris tic  m o tility  p a tte rn  o f th e  fed  
State, are in itia ted . (T he te rm s “digestive State '1 a n d  
“fed S ta te” a re  u se d  a l te rn a t iv e ly  to  d e s c r ib e  th e  S tate  
of the  g u t after a m eal.) T he m ix in g  m o v e m e n ts  s ta r t 
w ith  the  first in g estio n  o f a n u tr ie n t m eal an d  are  co in - 
c id en t w ith  te rm in a tio n  o f the m o tility  p a tte rn  th a t  c h a r-  
ac terizes the in te rd igestive  State (i.e ., th e  m ig ra tin g  
m o to r com plex ). M ixing m o v em en ts  íu n c tio n  to

b le n d  p an c re a tic , b ilia ry , a n d  in te s tin a l sec re tio n s  
w ith  n u tr ie n ts  in  th e  sm all in te stin e  an d  b rin g  p ro d u c ts  
o f d ig e s tio n  in to  co n ta c t w ith  the  ab so rp tiv e  su ríaces 
of th e  m ucosa.

P ow er p ro p u ls io n , a p ro g ra m m e d  m o to r  ev en t in  the 
transverse  an d  d e sc e n d in g  co lo n , is also  associa ted  w ith  
in take  o f a m eal. T h is  fo rm  o f m o to r b eh av io r fits the 
general p a tte rn  o f  n eu ra lly  c o o rd in a ted  p eris ta ltic  p ro - 
p u ls io n  an d  re su lts  in  the  m ass m ovem en t o f feces over 
ex te n d e d  d is tan c es  to w ard  the  anus. M ass m o v em en ts  
m ay be trig g e red  by  in c reased  delivery  o f ileal c o n ten ts  
in to  the a sce n d in g  co lon  fo llow ing  a m eal. G astroco lic  
reílex  is a te rm  u se d  to  re íe r to  th e  in c reased  in c id en ce  of 
m ass m o v e m en ts  an d  a g enera lized  inc rease  in  m ix ing- 
like m o v em en ts  th a t o cc u r in  th e  large in te s tin e  follow - 
ing  in g e s tio n  o f a m eaì.

M IXING M OVEM ENTS

M ixing  m o v e m e n ts  o f  the  sm all in te stin e  are a lso  called  
seg m en tin g  m o v em en ts  o r seg m en ta tio n  d u e  to th e ir 
ap p e a ran c e  on  X -ray Ếìlms o f the sm all in testin e . The 
m ix ing  p a tte rn  o f  m o tility  is p ro g ra m m e d  by  th e  en teric  
n e rv o u s system . In  the  m ix in g  p a tte rn , the b eh a v io r  of 
the  m u sc u ỉa tu re  is o rg an ized  to  p ro p el lu m in al c o n ten ts  
in  b o th  d ire c tio n s  over sh o r t d istances. T his is in  con- 
trast to o th e r  ío rm s o f p ro p u ls iv e  m o tility  th a t m ove the 
lum inal c o n te n ts  in  on e  d irec tio n  over ex ten d e d  leng th s 
of in te s tin e . M ix ing  m o v e m en ts  consist o f c ircu m íe ren - 
tial m usc ỉe  c o n tra c tio n  in  segm en ts  se p ara te d  o n  e ith er 
end  by  re la x ed  rece iy in g  segm ents. The receiv ing  
segm en ts a p p e a r  as saccu la tio n s w ith  in c reased  cross- 
sectional d ia m e te r  on  X-ray im ages of th e  sm all in te s tin e  
(Fig. 1). M ix ing  o cc u rs  as th e  c o n ten ts  are forcefu lly  
p ro p e lled  in to  th e  receiv ing  segm en ts from  b o th  
d irec tio n s . E ach  segm en ta l c o n tra c tio n  and  re lax ed  re- 
ceiv ing  se g m en t re ílec ts  the o cc u rre n ce  of s te reo ty p ic  
peris ta ls is  th a t d o es  n o t p ro p ag a te  b ey o n d  a sing le seg- 
m en t. M ix ing  m o v e m en ts  are , in  effect, the o cc u rre n ce  
of u ltra sh o rt p eris ta ls is  tha t is rep ea ted  at m u ltip le  sites 
along  the  in te s tin e . As is the  case for p ro p u ls io n  over 
g rea ter d is tan c es  in  o th e r  p a tte rn s  of m o tility , the 
basic p e ris ta ltic  n eu ra l reflex (i.e., c o n tra c tio n  above
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F IG U R E  1 The postprandial pattern o ísm a ll in testina l m otilũ y  
is characterized by m ix in g  m ovem ents. M ix in g  m o v em en ts consist 
o f  prop u lsive and receiv ing scgm en ts as d escrib ed  for the 
stereo iyp ic  pattcrn o f behavior o f  the cữ cu m feren tia l and longi- 
tudinal m u scle  laycrs during peristalsis. T hey can bc v iew ed  as 
sh ori-d istan ce  peristaltic propu lsion . T he postprandial pattern oí 
m o  ti li ty co n sists  o f  propu lsive segm en ts separaied  by receiv ing  
segm en ts, occurring w ith  apparent ran d om n ess at m any sites  
a long the intestine. M ixing o f  the lum inal c o n te n ts  o ccu rs in 
t he receiv in g  segm en ts. O ver ti m e, cyc lic  co n v ersio n  o f  receiv in g  
segm en ts 10 p rop u lsive  segm en ts o ccu rs co in c id en t w ith  the 
con version  o f  p ropu lsive segm en ts to rece iv in g  segm erus.

an d  re la x a tio n  o f the in te s tin a l w all below ) u n d e r lie s  the 
m ix in g  m o tility  p a tte rn . P o stp ran d ia l se g m en ta tio n  is a 
m ech an ism  for the  m ix ing  an d  s tirr in g  o f lu m in a l  con- 
ten ts  in th e  rece iv in g  segm ents. T he e n te r ic  n eu ra l p ro- 
g ram  for m ix ing  is cyclic, w ith  rece iv in g  segm en ts  
c o n v e rtin g  to  c o n tra c tin g se g m e n ts  an d  c o n tra c tin g  seg- 
m en ts  b ec o m in g  receiv ing  segm en ts. S eg m en tin g  m ove- 
m e n ts  o c c iư  w ith  the sam e in te rv a ls  as e lec trica l slow  
w aves o r at m u ltip le s  o f the sh o r te s t s low -w ave in terval 
in  th e  p a r tic u la r  reg ion  o f in te stin e .

C o m m an d  signals tran sm itte d  from  the b ra in  to the 
sm all in te s tin e  by the  vagus nerves are im p o r ta n t for the

c o n v e rs io n  ĩro in  thc  in te rd igestive  m o tility  p a tte rn  to 
th e  d igestive  p a t te rn . A ítcr in te r ru p tio n  o f tran sm issio n  
in  th e  v ag u s n e rv e s , a larger q u an  ti ty o f ingested  food is 
n ec essa rv  for te rm in a tio n  of the in te rd igestive  m o to r 
p a tte rn , a n d  in te r ru p tio n  o f the m ig ra ũ n g  m o to r 
c o m p le x  is o ften  in co m p le te .

E v id en ce  o f  vagal co m m an d s for the d igestive m o to r 
p a tte rn  h as  b ee n  o b ta in ed  in  an im als  w ith  coo ling  cuffs 
p la c e d  su rg ica lly  a ro u n d  each  vagus nerve. D u rin g  the 
fed p a t te rn , c o o lin g  an d  b lo ck ad e  o f im p u lse  transm is- 
s io n  in  the  n e rv e s  re su lts  in  in te r ru p tio n  o f the fed  pat- 
te rn  o f  m ix ÌR g  m o v e m en ts . v /h e n  th e  v a g u s  n e rv e s  a re  
b lo c k e d  d u r in g  the  fed p a ttc rn , m ig ra tin g  m o to r 
c o m p lex e s  re á p p e a r  in  the in te s tin e , b u t n o t in the stom - 
ach . W ith  w a rm in g  o f the nerves an d  release o f n eu ra l 
b lo c k ad e , the  fed p a tte rn  re tu rn s .
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Pouchitis
D a v id  B. Sa c h a r
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d iv e r s io n  c o l i t is  A ch ara cter is itic  m u c o sa l inílamm ation that 
ty p ic a lly  o c c u r s  w h e n e v e r  th e  c o lo n  is e x c lu d e d  from  the  
in te stin a l stream  and that su b s id e s  w h e n  in te s t in a l  
c o n tin u ity  is restored . 

k o c k  p o u c h  (c o n tin e n t  i le o s to m y )  A reserv o ir  c o n s tr u c te d ,  
fo llo w in g  c o le c to m y , from  a p p ro x im a te ly  4 0  crn o f  i le u m  
m u c h  lik e  a p e lv ic  p o u c h  (q .v .) , b u i  w i lh  th e  m o d iíic a -  
tio n  o f  a o n e -w a y  n ip p le  va lve  a c c e s se d  b y  in tu b a tio n  
d irectly  th r o u g h  the an terior  a b d o m in a l w a ll. 

p r o b io t ic s  L ive m icro o rg a n is ĩn s  that c o n íe r  h e a lth  b e n e íìts  
th ro u g h  an y  o n c  o f  a nu rab er o f  m e c h a n ism s , su c h  as  
th era p eu tic  m o d iíìc a t io n  o f  th e  e n ter ic  flora.

Pouchitis denotes mucosal inílam malion occurring in  an 
ileal reservoir following total colectom y, usually for ul- 
cerative colitis or íamilial adenomatous polyposis. The 
incidence of this disorder is much higher in patients 
with underlying chronic idiopathic inRammatory bowel 
disease than in those with genetic neoplastic syndrom es, 
but it occurs in both Kock pouches (continent 
ileostom ies) and pelvic pouches. The condition is mani- 
íested clinically by increased stool frequency, urgency, 
diarrhea, bleeding, and abdominal pain and often by 
fever or other constitutionai com plications.

D IA G N O SIS

Since o th e r co n d itio n s  m ay p ro d u ce  th e  sam e c lin ica l 
sy n d ro m e as p ouch itis , defin itivc d iag n o sis  re q u ire s  
en d o sco p ic  an d  h isto log ic conR rm ation . C h a ra c te ris tic  
endoscop ic  íea tu res  inc lude  diffuse m u co sa l e ry th e m a , 
edem a, ừ iab ility , hem o rrh ag e , and  u lc e ra tio n . T h e  h is- 
to logic p ic tu re  is typ ically  one of acu te  a n d /o r  ch ro n ic  
in ílam m ato ry  in íìltra te , v illous a tro p h y , an d  c ry p t 
hyperp lasia .

DIFFERENTIAL DIAG NO SIS

C o n d itio n s th a t m im ic  p o u ch itis  genera lly  ca rry  very  
d iffe ren t p rognostic  an d  th e rap eu tic  im p lica tio n s . Il is 
th e re ío re  essential to d is tin g u ish  p o u c h itis  from  o th e r  
com p lica tio n s su ch  as m echan ica l ou tflow  o b s tru c tio n , 
local sepsis, C ro h n s  d isease , o r in te s tin a l d y sm o tility . 
A d efu n c tio n alized  p o u ch  m ay also  m a n iíe s t the

m u c o sa l ch a n g es  a s so c ia te d  w ith  “d iv e rsio n  co litis ,” 
b u t these  sh o u ld  reg ress  o n c e  in te s tin a l c o n tin u ity  is 
ree s tab lish ed .

N A TU R A L HISTORY

N early  h a lf  o f aỉl u lc e ra tiv e  co litis  p a tie n ts  w ith  ileal 
p o u c h e s  w ill e x p e rien c e  at least o n e  ac u te  ep iso d e  o í 
p o u ch itis . F o r a lm o st an y  p u rp o se  o f d isc u ss io n , how - 
ever, it is u se íu l 10  c o n s id e r  p o u c h itis  as o c c u rr in g  in  
several d is t in c t p h e n o ty p ic  ca tegories:

•  sing le  acu te  ep iso d e;
•  o n e  o r  tw o a c u te  e p is o d e s  p e r  y ea r;

•  m ore  th a n  tw o ac u te  ep iso d es  p e r  year, each  re sp o n d - 
in g  to  m e d ica l th e rap y ;

•  íre q u e n t ep iso d es  re q u ir in g  c h ro n ic  m a in te n an c e  
th e ra p y  to  p re v e n t re c u rre n c e ;

•  c h ro n ic  re íra c to ry  p o u c h itis , n o t rc sp o n d in g  to  m ed- 
ical th e rap y .

A lth o u g h  a p p ro x im a te ly  50%  o f u lcera tiv e  co litis 
p a tie n ts  w ith  ilea l p o u c h e s  w ill n o t suffer ev en  one 
b o u t oí p o u c h itis  d u r in g  a 5- to  10-year fo llow -up , 
the  re m a in in g  50%  w ill be d is t r ib u te d  ap p ro x im a te ly  
as follow s: sing le  ep iso d e  o r  o n ly  o n e  o r tw o ep iso d es 
p e r  y ear, 10%; m o re  th a n  tw o resp o n siv e  ep iso d es p er 
year, 25% ; c h ro n ic  p o u c h itis  re q u ir in g  m a in te n an c c  
th e ra p y , 10% ; a n d  c h ro n ic  re íra c to rỵ  p o u c h itis , 5%. 
T hese  sp ec iíìc  ĩre q u e n c ie s  m ay o f  co u rse  vary  from  se- 
r ies  to  se ries, b u t  it is g en e ra lly  ag reed  th a t m ost 
p o u c h itis  cases a re  re sp o n siv e  to acu te  m ed ica l th e ra p y  
(see b e lo w ), w ith  o n ly  a p p ro x im a te ly  10—15% of 
cases (i.e ., a p p ro x im a te ly  5 —7% oí all u lcera tive  co litis 
p a tie n ts  wi.th p o u c h e s )  p ro v in g  to  be ch ro n ic  and  
u n re m ittin g .

PATHOPHYSIOLOGY

T h e  c u r re n t  u n d e rs ta n d in g  of the  m e ch a n ism s  u n d erl-  
y ing  p o u c h itis  is lim ite d  to th e o ry  an d  con jec tu rc . 
N o n e th e le ss , m o st c u r re n t  c o n c e p ts  a re  based  on  two 
u n d isp u te d  o b se rv a tio n s . T h e  Fưst is ih a t th e  over- 
w h e lm in g  m a jo rity  oí cases, over 90% , arc at least



in itia lly  resp o n siv e  to  an tib io tic s . H ence, th e re  m u s t be a 
m icrob io log ic  c o m p o n e n t to  the d isease . T h e  second  
un iversa l tìnd ing  is th a t a l th o u g h  p o u c h itis  is ex p e ri-  
encecl by nearly  half o f u lc e ra tiv e  co litis  p a tie n ts  w ith  
ileal p o u ch e s , th is  c o m p lic a tio n  is e x tre m e ly  ra re  (a lb e it 
n o t to ta lly  u n re p o r te d )  in  fam ilial a d e n o m a to u s  
polvposis. T h erefo re , th e re  m u s t a lso  be a n  e lem en t 
o f u n d e rly in g  h o st su sc ep tib ility , p re su m a b ly  im m u n o - 
g enetic  in n a tu re . F o r th is  rea so n , s tu d ie s  have b e e n  
ex p lo rin g  cy to k in e  p roR les, in íla m m a to rv  m e d ia to rs , 
vo la tile  fatty  acid levels, b ile  ac id  co m p o s itio n , an d  
o th e r  p erm eab ility  a n d  v ascu la r  fac to rs as p u ta tiv e  
c o n tr ib u to rs  to the p a th o lo g ic  p rocess.

RISK FACTORS

Ideally , it vvould be h e lp íu l to  k n o w  in  ad v an ce  w h ich  
p a tien ts  w ere  at p a r tic u la r  r isk  for p o u c h itis  a n d  w h ich  
w ere no t. T he on ly  a b so lu te  ce rta in ty  in  th is  r e g a rd  is 
tha t it is p a iien ts  w ith  u n d e r ly in g  c h ro n ic  id io p a th ic  
in ílam m ato ry  bow el d isease  w h o  are  m o s t v u ln e rab le ; 
p a tien ts  w ith  íam ilia l a d e n o m a to u s  p o ly p o sis  on ly  
rare ly  deve lop  th is  co m p lic a tio n .

W ith in  the in ílam m ato ry  bow el d isease  p o p u la tio n , 
how ever, it is  less c lea r w h a t th e  risk  fac to rs are. Several 
p u  ta ti ve m a rk e rs  o f an  im m u n o g e n e tic  d isp o s itio n  to 
p o u ch itis  m ig h t in c lu d e  p r im a ry  sc le ro s in g  c h o lan g itis  
(PSC ), h igh  p reo p e ra tiv e  p e r in u c le a r  a n ti-n e u tro p h il  
cy top lasm ic an tib o d y  tite rs , ex ten s iv e  b ac k w ash  ile itis , 
an d  a s tro n g  p reo p e ra tiv e  h is to ry  o f ex tra in te s tin a l com - 
p lica tions. As w ith  the o rig ina l u lc e ra tiv e  co litis , s rnok- 
in g  m ay ex e rt som e type o f  “p ro te c tiv e ” effect ag a in st 
p o u ch itis . CrohiVs d isease -lik e  co m p lic a tio n s  o f an  ileal 
p o u ch  m ig h t also be  a n tic ip a te d  in  p a tie n ts  w h o  h ad  
u n m is tak a b le  C ro h n ’s d isease  p reo p e ra tiv e ly , espec ia lly  
if the sm alỉ bow el h ad  b ee n  invo lved ; b u t  n o t every  case 
o f ch ro n ic  re frac to ry  p o u c h itis , even  w h en  acco m p a- 
n ied  by  g ran u lo m as o r  tra n sm u ra l in íla m m a tio n , is 
prim a Ịacie  ev idence o f  p re e x is tin g  C ro h n ’s d isease.

TREATM ENT

In itia lly , v irtu a lly  all cases o f  p o u c h itis  w ill re sp o n d  
íavorab ly  to  tre a tm e n t w ith  m e tro n id a z o le  o r o th e r  
b ro ad -sp ec tru m  a n tib io tic s , in c lu d in g  c ip ro flo x ac in . 
In íact, so m e in v e sú g a to rs  re q u ire  su c h  a th e ra p e u tic  
resp o n se  to  be  m a n iíe s ted  b e ío re  th e y  w ill even  a c ce p t a 
defin itive d iagnosis  o f p o u c h itis . As n o te d  above u n d e r  
N atu ra l H isto ry , all b u t  ap p ro x im a te iy  1 0 —15% of cases 
w ith  p o u ch itis  can be m a n ag e d  ex c lu siv e ly  w ith  an tib i-  
o tic  th e rap y , w h e th e r  in te rm itte n t  o r ch ro n ic ; the  w o rs t 
d ilem raa  in  m a n ag in g  th is  c o m p lic a tio n  is  h o w  to trea t

the  sm all b u t  n o t in s ig n iíìcan t m in o rity  o f cases th a t arc 
re íra c to ry  to an tib io tics.

In th ese  tru ly  re írac to ry  cases, m ed ica l trea tm en t 
re ílec ts  d e sp a ir  m ore th a n  reìiab le ev idence. O ral and  
to p ica l am in o sa licy la te s  an d  s te ro id s  are  o ften  ưsed  w ith 
a n e c d o ta l im p re ss io n s  o f  success; som e p a tien ts  seem  to 
re sp o n d  to  o ra l an ti-m etabo lites , b u t even  less ev idence 
s u p p o r ts  th e  occasional re so rt to o ral cho lesty ram ine  or 
top ica l cy c lo sp o rin , g lu tam in e , b u ty ra te , o r K aopectate. 
In any  ev en t, all such  m ed ica l ap p ro a ch es  m u st be dis- 
a p p o in tin g  to  the ex tern  tha t they  are rem in iscen t o f the 
re g im e n s  th a t the co lec tom y w as des ig n ed  to elim inate . 
A p o te n tia lly  m ore p ro m is in g  ap p ro ach  to  p ro p h y lax is  
ag a in s t re c u rre n t p o u ch itis  has been  suggested  by 
lta lia n  in v es tig a to rs  u sing  p ro b io tic  therapy .

As m an y  as half the cases of ch ro n ic  re írac to ry  
p o u c h itis  m ay  u ltim ate ly  com e to íư rth e r  su rgery— ei- 
th e r  p o u c h  rev is io n  o r  “salvage” o r co m p le te  excision  
w ith  c o n v e rs io n  to the S ta n d a rd  B rooke ileostom y, an  
a lte rn a tiv e  th a t m ay have b een  in itia lly  less appealing  to 
th e  p a tie n t , b u t  tha t m ay u h im a te ly  resto re  a tnore ac- 
ce p ta b le  q u a lity  o f life.
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manometric reeording Graphic measure of changes in 
pressure in localized regions of ihe đigestive tract, 
indicating contractile behavior of the musculature. 

migrating lĩiotor complex Specifìc pattern of small intestinal 
motility that begins whcn digestion of a vneal is complete 
and ends with intake of the next meal; also called 
interdigestive motility. 

mixing movements Speciíìc pattern of small inlestinal 
motility thai siarts w ùh the ingestion oí a meal and 
accomplishes mixing of ihe contents in the lumen; also 
called digestive motility.

Power propulsion is a m otility pattern that is specialized  
for the rapid transport o f contents over long distances in 
the small and large intestine. It appears on m echanical 
records of intestinal m otility (e.g., manometric record- 
ings) as strong, long-lasting circular m uscle contractions 
that propagate for extended distances along the bowel. 
These “giam ” migralirig contractions are considerably  
stronger than the circular m uscle contractions that 
occur during the migrating motor com plex or the m ixing  
m ovem ents in the sm all intestine.

IN T R O D U C T IO N

P ow er p ro p u ls io n , the  m o ti li ty p a lte rn  o f g ian t m ig ra t- 
ing  c ircu la r m uscle  c o n tra c tio n s  th a t last 18—20 
se co n d s  an d  sp an  several cycles o f  th e  e lec trica l slow  
w aves, is a co m p o n en t o f a h igh ly  efficien t p ro p u ls iv e  
m ech an ism  th a t rap id ly  s tr ip s  the  lu m e n  clean. T he 
p ro p u lsiv e  m o v em en t irave ls at ab o u t 1 cm /sec over 
long  len g th s o f in te stin e .

In tes tin a l p ow er p ro p u ls io n  d iffers from  p eris ta ltic  
p ro p u ls io n  d u r in g  th e  m ig ra tin g  m o to r com plex  an d  the 
c o n tra c tio n s  o f  m ix ing  m o v e m en ts  in  th a t th e  c irc u la r  
c o n tra c tio n s  in  the  p ro p u ls iv e  segm en ts are s tro n g e r 
an d  p ro p ag a tio n  u ccu rs  over lo n g e r reach es ơf in le stin e . 
T he c ircu la r c o n tra c tio n s  are  n o t tirae  locked  to the 
e lec trica l slow  vvaves an d  p ro b ab ly  re ílect s tro n g  acti- 
v a tio n  o f the  rausc le  by ex c ita to ry  m o to r n eu ro n s . 
P ow er p ro p u ls io n  re p re se n ts  a n o th e r  o f  the  m o tility  
p ro g ra m s storecl in  the p ro g ra m  lib rary  o f the  en te ric  
n e rv o u s  system .

PHYSIOLOGIC SIG N IFIC A N C E

N o x io u s s tim u la tio n  of the  m u c o sa  s ta rts  th e  n eu ra l 
p ro g ra m  for p o w er p ro p u ls io n  in  th e  sm all an d  large 
in te s tin e . P ow er p ro p u ls io n  s ta r ts  in  th e  m id je ju n u m  
an d  trave ls to w ard  the  s to m ach  d u r in g  v o m itin g ; o th - 
erw ise , th e  d irec tio n  o f travel in  b o th  th e  sm all an d  large 
in te stin e  is in the  anal d irec tio n . A b dom ina l c ram p in g  
se n sa tio n s  an d  d ia rrh e a  are asso c ia te d  w ith  p ow er 
p ro p u ls io n  w h en  it o ccu rs  in  re sp o n se  to lu m in a l even ts 
th a i th rea ten  w h o le -b o d y  in teg rity . A p p lica tio n  o f irri- 
tan ts  to the  m ucosa , the  in tro d u c tio n  o f  lu m in a l para- 
sites , release o f en te ro to x in s  from  p a th o g en ic  bac te ria , 
a llerg ic  reac tio n s , and  ex p o su re  lo  io n iz in g  ra d ia tio n  all 
trigger th e  response . T h is su g g ests  th a t p o w e r p ro p u l-  
s io n  is a de ĩense  m e ch a n ism  in  b o th  th e  u p p e r  an d  low er 
reg io n s o f th e  in te s tin a l trac t. It is a p ro tec tiv e  adap ta- 
tio n  for rap id  c lea rance  o f u n d e s ira b le  e lem e n ts  from  
th e  in te s tin a l lu m en . O ral c le a ra n c e  from  th e  u p p e r  
sm all in te s tin e  is ach ieved  by v o m itin g  o f th e  m ateria l. 
C lea rance  írom  the low er in te s tin a l trac t is b y  way of 
vvatery íeces.

A side from  its in v o lv em en t in  in te s tin a l de íen se  in  
p o te n tia lly  p a th o lo g ic  c irc u m sta n c e s , o p e ra tio n  o f the 
p o w er p ro p u ls io n  m o tility  p ro g ra m  also acco m p lish es  
m ass m o v em en t o f in tra lu m in a l m a te ria l in  norm al 
s ta tes, espec ially  in  the  large in te s tin e . M ass m ov em en ts  
in  the  co lo n  fo llow ing  in g estio n  o f a m ea l a n d  d u rin g  
d e íec a tio n  are  p ro d u c e d  by th e  p o w er p ro p u ls io n  
p ro g ra m  an d  reflect n o rm a l physio logy .

See Also the Following Articles

Basic Electrical Rhythm • Borborygrnus • Colonic Motility •  
Migrating M otor Com plex •  Postprandial M otility •  Small 
Intestinal Motility
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centrom ere The site on a chromosome that puìls the 
chromosome toward one of the poles oí the spindle 
during mitosis and meiosis; it is also the point oí 
allachm ent of the sister chromatids. 

im printing A germ-line process that “presets” or predeier- 
mines the potential of a transmitted gene to be active or 
inactive w ithoiU  changing  the actual sequence of the 
base pairs. ít  presumably reAects' a modification of the 
DNA or proteins in such a way as to preset the activity of 
genes in the embryo. 

m ethylation The process of adding a methyl group onto an 
existing molecule o í a base pair thai changes (oíten 
impedes) the ability of nưclear enzymes to “read” the 
genetic code.

provocative pitu itary  testing Analysis of the pituitary with 
specific medications previously shown lo elicit a release 
of one or more pituitary hormones in a reproducible 
m anner characteristic oí normal or disease states. 

uniparental disom y Two exact copies o í the same chromo- 
some or gene cluster from ơne parent.

P ra d e r—W illi synd rom e is a syndrom e caused  by a genetic 
abno rm ality  located  on the long arm  of ch rom osom e 15 
near the  cen trom ere . The cond ition  is characterized  
m ainly by hyperphag ia , severe obesity , m en tal retarda- 
tion , sh o rt s ta tu re , hypogonad ism , hypo ton ia , behavioral 
abno rm alities, and  sh o rten e d  life span  if  u n trea ted . The 
exact cause o f the co n d itio n  is unknow n , a lthough  abnor- 
m al hypo tha lam ic function  is th ough t to be a prim ary  
re su lt of the ch rom osom e abnorm ality  w ith  re su lta n t ab- 
n o rm alities in  g row th , m etabo lism , and  developm ent. No 
cure for the co n d itio n  is available. H ow ever, w ith  early

diagnosis and aggressive m anagem ent o f the clin ical and  
m edical p rob lem s, m ost o f the m ajor an d  life-th reaten ing  
m edical problem s associa ted  w ith  th is cond ition  can be 
e ith e r avoided o r m itigated.

IN T R O D U C T IO N

P ra d e r—W illi sy n d ro m e (PW S) is th e  sing le m o st 
co m m o n  g en c tic  caưse o f obesity . T he o bes ity  of PW S 
is a co n seq u e n ce  o f b o th  severe h y p erp h a g ia  and  de- 
creased  overa ll m e tabo ìism . H ow ever, obesity  is jư s t o n e  
c o m p o n e n t o f th is ex trem ely  co m p lex  co n d itio n . O ver- 
all, the  co n d itio n  is ch a rac te rize d  by  a co n s te lla tio n  o f 
n eu ro lo g ica l, a u to n o m ic  n e rv o u s system , h y p o th a - 
lam ic , en d o c rin e , a n d  behav io ra l ab n o rm a litie s . Scien- 
tifìc and m edical interest in  this condition  is increasing  
because  im p ro v ed  u n d e rs ta n d in g  m ay lead  to e lucida- 
tio n  o f the  g en e tic  in ílu en c es  over w eigh t co n tro l, obe- 
sity , an d  obesity  co -m o rb id iũ es . D esc rip tio n s  o f PW S 
da te  as far b ack  as the  17 th  cen tu ry . A fam ous p a in tin g  o f 
E ugen ia  M artinez  V allejo  by  ju a n  C arren o  de M iranda 
(The M onstn ia)  d ep ic ts  a girl w ith  the  c o n d itio n  p r io r  tơ 
its d iscovery . T he í ì r s tr e p o r t  o fP W S , p u b lis h e d in  1956 
by  d o c to rs  A. P rader, H. W illi, an d  A. L abhart, d esc rib ed  
a sy n d ro m e ch a rac te rize d  by obesity , sh o r t s ta tu re , a 
severe lack  o f m usc le  tone d u r in g  in ían cy  th a t p e rs is ts  
in to  a d u lth o o d , delayed  a n d  in c o m p le te  p u b e rty , am en- 
o rrh e a  in  w om en , h y p o g o n ad ism  w ith  c ry p to rch id ism  
in  m en , an d  m en ta l re ta rd a tio n .



G ENETICS

PW S is seen  in  all e th n ic  an d  so c io ec o n o m ic  g ro u p s  
an d  in  all c o u n tr ie s  an d  is eq u a lly  co m m o n  in  íem ales  
an d  m ales , w ith  an  in c id e n c e  b e tw een  1: 10 ,000  an d  
1 :1 5 ,0 0 0 . PW S is an  au to so m a l d o m in a n t d iso rd e r  
cau sed  m o st o ften  (70% ) by a d e le tio n  o f the  p a te rn a l 
ch ro m o so m e  15 at b a n d  q l l  — q l3 .  In  a p p ro x im a te ly  
25% o f in d iv id u a ls , PW S is a re su lt  o f m a te rn a l u n ip a -  
ren ta l d iso m y  (Ư PD ) o f  ch ro m o so m e  15. In  th is  s itu a -  
tio n , tw o co p ies  o f the  m a te rn a l c h ro m o so m e  are  
in h e rite d  w ith  no  p a te rn a l c o n tr ib u tio n . W ith o u t the  
p re se n ce  of a c h ro m o so m e  d o n a te d  from  the  fa the r, 
n o rm a l im p r in tin g  o n  th e  tw o m a te rn a lly  d o n a te d  ch ro - 
m o so m es leads lo  the  absence  o f  gene ex p re ss io n  in  th is  
in te rva l. T h e  o th e r  5% of p a tie n ts  m ay have ab n o rm a l-  
ities in  th e  m e ch a n ism  o f im p r in tin g  ( lead in g  to  th e  
absence  o f  gene expressicm  from  the  p a te rn a lly  d o n a te d  
c h ro m o so m e) o r  tran s lo c a tio n s  a ffec ting  c h ro m o so m e  
1 5 q l 1 —q !3 .

C LINICAL PR ESENTA TIO N

T he h a llm a rk  fea tu res o f the  sy n d ro m e  in c lu d e  in fan t 
h y p o to n ia , de lay ed  d ev e lo p m e n t, c h ild h o o d -o n se t hy- 
p e rp h a g ia  an d  obesity , sh o r t s ta tu re , m usc le  h y p o to n ia , 
ch a ra c te r is tic  [acieses, d e ĩay ed  a n d  in c o m p le te  p u b e r ty , 
sm all h a n d s  a n d /o r  feet, an d  m ild  to  m o d e ra te  m c n ta l 
r e ta rd a tio n  (IQ  o f 65 — 70). M any o th e r  im p o r ta n t b u t 
less íre q u e n t fm d ings have  also  b e e n  id e n tiíìed . B ecause 
th e re  is  v ariab ility  axnong in d iv id u a ls  w ith  PW S, c lin ica l 
d ia g n o s tic  c r ite r ia  (see T ab le I) have b een  es tab lish ed  to  
raise d iag n o stic  su sp ic io n . T he p rese n ce  o f these  c lin ical 
íìn d in g s  is an  in d ic a tio n  for fu r th e r  gene tic  s tu d ie s  an d  
gen e tic  te s tin g  s h o u ld  accu ra te ly  d iag n o sis  99%  o f these  
in d iv id u a ls . S ince the  clin ical p ic tu re  o f an  in d iv id u a l 
w ith  PW S ch an g es w ith  age, th e  d iag n o stic  c r ite r ia  n eed  
to  be  c o n s id e red  in  th is  c o n tex t. T hese  ch an g es  are  n o t 
o n ly  im p o r ta n t to take in to  a c c o u n t w h en  m a k in g  the  
d ia g n o sis , b u t a lso  in  m a n a g e m e n t as the  c o -m o rb id itie s  
a n d  p ro b lem s change.

In the  nevvborn o r  in fan t, th e  classic p re se n ta tio n  of 
PW S is p ro ío u n d  h y p o to n ia , le th arg y , d im in ish e d  d eep  
te n d ọ n  re ílex es , p o o r  feeding, below -average  w eigh t, 
a n d  o ften  a h is to ry  oí fetal inactiv ity . T h e  in ĩa n ts  a re  
so ufloppy" th a t they  have little  facial ex p re ss io n , an  
a b n o rm a l, w eak , o r ab sen i cry , an d  g ross m o to r  dt*vel- 
o p m e n t is delayed . T h e  in ía n ts  o ften  e x p e rien c e  ía ilu re  
to th riv e  because  o í  severe  íe ed in g  p ro b lem s ch a ra c te r-  
ized  by  a n  ex trem ely  w eak  suck . T h is p ro b lem  can  re- 
m ain  severe  for m o n th s  an d  p e rs is t íor years; o ften  the  
severity  can  re q u ire  specia l feed ing  in te rv e n tio n s  su ch  
as n aso g astric  food su p p le m e n ta lio n . S om e tim e in  the

second  year o f life, m o to r íu n c tio n  beg in s to  im prove . 
G ross m o to r sk ills are acq u ired  late b u t by 2 years m o st 
ch ild ren  w ith  PW S are w alking.

In the to d d le r years (som e tim e b e tw e en  1 a n d  3 
years o f age), the appe tite  a b n o rm a litie s  beg in  to 
em erge. In itia lly , p a re n ts  and  h e a lth  care p ro v id ers  
are de ligh ted  to  see ch ild ren  eat a fte r s tru g g lin g  vvith 
ĩeed ing  p ro b lem s d u rin g  the  fìrst yea r o f life. A t ap p ro x - 
im ately  2 years o f age, excessive w e ig h t g ain  is observed  
an d  la te r th e  ten d en cy  an d  risk s  for obesity  becom e 
obv ious as ihese ch ild ren  becom e m o re  focused  o n  íood.

D uring  the early  and  m id -c h ild h o o d  vears, the 
physical g ro w th  ab n o rm alities  o f PW S and  th e  beh av io r 
ch a rac teris tics  o f  th is  syn d ro m e b eg in  10 becom e ap- 
p aren t. T here  is increased  bod y  fat th a t is Central in  
d is trib u tio n  an d  th e re  is slow irìg  o f lin ea r g row th . 
M otor d ev e lo p m en t co n tin u es  to  be delayed , the  ch a r- 
ac teris tic  speech  an d  language p ro b lem s beg in  10 
em erge, an d  the  learn in g  d isab ilities  are m ơre easily  
iden tified . G row th  o f the  PW 5 ch ild  beg ins to d iverge 
from  no rm al. B etw een 3 an d  13 y ears  o f age, the  5 0 th  
percen tile  for h e ig h t .corresponds 10 th e  5 th  p e rcen tile  
in  the no rn ia l p o p u la tio n . At th is  p o in t, PW S can be 
clearỉy  d is tin g u ish ed  from  en d o g e n o u s  obes ity  in  vvhich 
the lin ear g ro w th  ra te is acce le ra ted  an d  final h e ig h t is 
norm al o r increased . ĩn c reased  b o d y  fat and  low  m uscle  
m ass are also o bserved  in  PWS ch ild ren . T h is un iq u e  
p a tte rn  of g ro w th  is co n s is ten t w ith  an  ab n o rm a lity  
in  g row th  h o rm o n e  (G H ) secre tio n  o r a c tio n  an d  s tu d ies  
of GH secre tio n  have d o c u m e n te d  ab n o rm a lly  low 
GH responses to  S tandard  p ro v o ca tiv e  p itu ita ry  GH 
s tim u la tio n  testing  in  ch ild re n  a n d  a d u lts  w ith  PWS.

By ado lescence, co n s tan t efforts to sa tis íy  h u n g er 
resu lt in  aggressive an d  b izarre  fo o d -seek in g  activ ities. 
H oard ing  íood  is com m on , as is s te a lin g  o r sn e ak in g  to 
c ỉrcu m v en t d ie ta ry  restric tio n s. C o m p le te  c o n tro l o f the 
e n v iro n m en t is need ed  w ith  re sp e c t to  access to food. 
L ocks on  re ír ig e ra to r  and  c u p b o a rd s  are necessary  
and  m o n ito rin g  for n o n ío o d  an d  p o iso n o u s  ingestions 
m ay be necessary . A ccom pany ing  th e  u n co n tro llab le  
h u n g e r  is decreased  calorie u til iza tio n , largely  due lo 
low  m uscle  m ass, low  m uscle  tone , an d  c o rre sp o n d in g  
inactiv ity . T h is co n trib u te s  to the  obese c o n d itio n  an d  
increases the  p ro p en sity  for d ev e lo p m e n t o f sleep  apnea  
an d  P ickw ick ian  syndrom e.

E m otional liability  and  obsessive an d  com pulsive  
behav io rs along  w ith  in to leran ce  to  íru s tra tio n  are 
charac teris tic  o f  the  PWS ad o lescen t. T he obsessive— 
com pulsive  beh av io rs  can m an iíest as p e rs is ten t sk in  
p icking. M any ado lescen ts w ith  PW S develop  
p erso n a lity  p ro b lem s rang ing  from  b ein g  du ll, 
le tharg ic , an d  ind iffe ren t to b e in g  clever, secretive, 
ancì m an ipu la tive . T ran sitio n in g  from  on e  activ ity  to



TABLE I P ub lished  D iagnostic C riteria for P rader—W illi S yndrom e

M ajor criteria
1. N eonátal and in ían tile  Central h ypoton ia  w ith  poor su ck , gradually im p rov in g  w iih  age
2. F eed ing p rob lem s in in íancy w ith  need for specia l ỉeccling tech n iq u es and poor w e ig h t gain /fa ilure to thrive
3. Excessive or rapid weight gain on weight-for-length chart (excessive is deíìned as Crossing two centile channels) aĩter 

I 2 m o n th s but before 6 years o f  age; Central obesity  in  the ab sen ce o f  in terven tion
4. C haracteristic ĩacial íeatures w ith  d o lich ocep h aly  in in íancy, narrow  face or b iíron ta l d iam eter, a lm ond -sh ap ed  eyes, 

sm all-appearing m outh  vvith thin upper lip , dow n-turned  corners o f  the m ou th  (3  or m ore are required)
5. H yp ogon adism — w ith  any o f  the fo llow in g , dep en d ing  on  age:

a. G en ita l h yp op lasia  (male: scrotal h ypop lasia , cryptorch id ism , sm all p en is ancl/or testes for age ( < 5 t h  percen tile);  
fem ale: a b se n c e  o r  severe  h y p o p ỉas ia  o r  lab ia  m in o ra  and/oT  c lito ris )

b. D elayed  or in co m p lete  gonadal m aturation w ith  delayed  pubertal s ig n s in  the a b sen ce o f  in terven tion  after 16 years
of age (m ale: sm all gonads, decreased facial and body "hair, lack o f  v o ice  change; fem ale: am en orrh ea /o ligom en orrh ea  after 
agc 16)

6 . Global d ev elop m cn ta l delay in  a child  < 6  years o f  age; m ild  to m oderate n icn tal retardation  or learn in g  p rob lem s in 
older ch ild ren

7. H yperphagia/food  íoraging/obsession  w ith  food
8 . D elerion  15q 11 — 13 on  h igh  resolu tion  ( > 6 5 0  bands) or o ther cy to g en etic  m olecu ỉa r  abnorm ality  o f  the Prader—W ỉlli 

chromosome region, including maternal disomy
Minor crileria

1. D ecreased  íctal m ovem ent or in lantile lethargy or w eak cry in in ían cy , im p ro v in g  w ith  age
2. C haracieristic b ehavior problem s— lem per tantrum s, v io len t ou tb u rsts , and o b se ss iv e —co m p u ls iv e  behavior;

ten dency  to be argum entative, op p ositiona l, rigid, m anipulative p o ssess iv e , and  stub b orn ; perscverating, stea lin g , and ly ing  
(5  or m ore o f  these sym p tom s requircd)

3. S leep d istu rb an ce and sleep  apnea
4. Short stature for gcn etic  background by age 15 (in  the ab sen ce o f  grow th  h orm o n e in terv en tio n )
5. H yp op igm en ta tion — íair sk in  and hair com pared w ith  íam ily
6 . Small h ands ( < 2 5 t h  p ercentile) ancỉ/or ĩeet (< 1 0 th  p ercen tile) for h eigh i and age
7. N arrow  h ands w ith  straight ulnar borders
8 . Eye ab n orm alities (esotróp ia , m yopia)
9. Thick viscous saliva with crusting at the corners ot the mouth

10. Speech articu lation  d eíects
11. S k in-p ick ing

Supportive íìn d in g s
1. High p a in  ih reshold
2. D ecreased  v om itin g
3. T em perature instab ility  in  ỉn ĩancy or altered tem perature sen sitiv ity  in  o ld er  ch ild ren  and  adults
4. S co lio sis ancl/or k yp h osis
5. Early adrenarche
6. Osteoporosis
7. U nusual sk ill w ith  jigsaw  p u zzles
8 . N orm al neurom usG ular stud ies

T o Score: M ajor criteria are w eighted  at 1 p o in t each and m inor criteria are w eig h ted  at ị  p o in t  each . Supportive íìn d in gs
increase the certain ty  o f  d iagnosis but are n ot scored . For ch ild ren  3 years o í  age or y o u n g er , 5 p o in ts  are req u ired , 4  o f  w h ich  
sh ou ld  co m e from  the m ajor groưp. For ch ildren  >  3 years o f age and for adu lts, a total sc o re  o f  8 is  rcquired  and m ạjor 
criteria m ust com p rise 5 or m ore p o in ts o f the total score.

a n o th e r  is d ifficu lt an d  signs of dep ressio n  an d  occa- 
sionally  p sy ch o tic  ep iso d es m ay  em erge.

At th is  age, the  obesity  w ill becom e m ore p rob lem - 
a tic un less d ie ta ry  res tric tio n s  have b een  en fo rced . Left 
u n trea ted , ad o le sc en ts  an d  ad u lts  w ith  PW S can  becom e 
m orb id ly  obese a n d  deve lop  the  co -m o rb id itie s  of dia- 
betes m ellitu s , h y p e rte n s io n , an d  ca rd io p u lm o n a ry  
insufficiency.

Physically , sexual d ev e lo p m en t rem ain s incom ple te  
and  p u b e rta l g ro w th  is red u ced . W ith o u t exogenous

h o rm o n e  in te rv e n tio n , m ales  a n d  íem ales  u su a lly  do 
n o t p ro g re ss  b e y o n d  T a n n e r  stage II. F em ales  m ay 
h ave o ccas io n a l s p o tt in g  b u t few have n o rm a l m e n s tru a l 
cycles. R educed  b o n e  m in e ra l d en s ity  is typ ically  p res- 
e n t an d  th is  m ay  le a d  to  o s te o p o ro s is . T h ese  c lìild ren  are 
also  a t in c reased  r isk  for sco lio sis  a n d /o r  kyphosis . In 
th e  ab sen ce  o f G H  th e ra p y , s h o r t s ta tu re  (o ften  severe) 
w ill be p re se n t.

T h e  p ic tu re  o f PW S in  the  a d u lt  is  d e p e n d e n t o n  the 
sev erity  o f the  m u lr ip le  p ro b le m s a n d  th e  in te n s ity  of



trea tm e n t d u rin g  the  ch ild h o o d  and  ad o le sc en t years. 
A du lts w ith  PW S w ho  have n o t h a d  th e  b en e íìt o f early  
id e n tiíìca tio n  an d  tre a tm e n t w ith  spec ia lized  care (ag- 
g ressive d ie t m a n ag e m en t, ac tiv ity  p ro g ram , an d  sex  
s te ro id  an d  g ro w th  h o rm o n e  re p la ce m en t)  are  charac- 
te rized  by severe obesity , d ec reaseđ  m uscle  m ass, Pick- 
w ick ian  sy nd rom e, sleep  ap n ea , re d u c ed  b o n e  m ineral 
density , m en tal re ta rd a tio n , an d  b eh av io r and  psychi- 
a tric  d iso rd ers . Left u n tre a te d , th e  life sp an  o f PWS 
in d iv id u a ls  is tw o to th ree  decad es, w ith  d ea th  accom - 
p an y in g  the co m p lica tio n s  o f severe w eigh t gain  inclucl- 
ing  d iabetes, re sp ira to ry  insuffìciency , and  card iac  
failure.

D IA G N O STIC TESTING

G unay-A ygun and  co lleagues rev iew ed the sensitiv ity  of 
PW S d iagnostic  c r ite r ia  an d  p ro p o sed  rev ised  crite ria  
for DNA testing . F ro m  b ir th  to 2 years, any  in fan t w ỉth  
h y p o to n ia  an d  p o o r su c k  sh o u ld  have DNA te stin g  for 
PW S. F ro m  age 2 to 6 years, any  ch ild  W'ith h y p o to n ia  
and  a h is to ry  o f p o o r  su ck  and  g lobal dev e lo p m en ta l 
delay  sh o u ld  have DNA testing . F ro m  age 6 to 12 years, 
any ch ild  w ith  a h is to ry  o f h y p o to n ia  an d  p o o r suck , 
global d ev e lopm en ta l delay , an d  excessive ea tin g  w ith  
Central obesity  sh o u ld  be te sted  for PW S. In the ad u lt, 
the clin ical p a tte rn  can  be m o re  v a ried  an d  im p o rta n t 
h is to rica l facts m ay  be unavailab le . F o r ad u lts , ihe au- 
th o rs  reco m m en d  m e th y la tio n  tes ting  for any  ind iv idual 
w ith  m ental re ta rd a tio n , severe obesity , a h is to ry  o f 
h y p erp h ag ia , low  m uscle  tone , h y p o g o n ad ism , and 
sh o r t s ta tu re  o r ad u lt h e ig h t less th an  vvould be 
p re d ic te d  from  gene tic  b ack g ro u n d . D efin itive d iagno- 
sis o f PWS is m ade via m e th y la tio n  ana lysis  s ince  it 
d e tec ts  all th ree  g ro u p s  o f ttio lecu la r defects  d esc rib ed  
above. lf  m e lh y la tio n  analysis is n o t available , h igh -res- 
o lu tio n  ch ro m o so m e  ana ly sis  a n d /o r  FISH (tluo res- 
cence in si tu h y b rid iz a tio n ) can be th e  in itia l lesl. 
H ow ever, m e th y la tio n  ana lysis  and  (o r) ana lysis  o í  ge- 
nom ic DNA are (is) n ecessary  to d e lin ea te  the  pa ren t-o f-  
o rig in  for the  d e le ted  reg ion . If b ip a re n ta l in h e rita n c e  is 
iden tifiecỊ th e n  PW S is ru le d  ou t. If th e  m eth y la tio n  
p a tte rn  is ab n o rm a l, FISH can  be usecl to d o c u m e n t a 
d e le tio n  an d /o r  m ic ro sa te llite  p ro b e s  can  be used  to 
co n íỉrm  m aterna l UPD. A bnorm al m e th y la tio n  and  
negative FISH an d  ƯPD s tư d ies  in d ica te  an  im p rin tin g  
deíect.

TREATM ENT

T he trea tm en t of PW S is a challenge gi ven  th e  ex tern  of 
the functional an d  m etabo lic  lim ita tio n s  associa ted  vvith 
the co n d itio n . S ince p a tien ts  w ith  PWS req u ire  a varie ty

o f in te rv e n tio n s  to o p tim ize  th e ir  h ea lth , a c o m p re h e n -  
sive p lan  ap p ro a ch  is requ ired . A lth o u g h  it is essen tia l 
th a t a p rim a ry  ph y sic ian  be id e n tiíìed  to m an ag e  th is  
co m p lex  p ro b lem , it is equally  essen tia l th a t th e  p r im a ry  
p h y sic ian  have avâilab le  a team  of ex p e r ie n c e d  p h y si-  
c ians, in c lu d in g  those  w ith  sp ec ia ltie s  in n eu ro lo g y , 
p sy ch ia try , u ro logy , o rth o p ed ic s , an d  gyneco logy , 
w ith  o th e r  p ro íess io n a ls  from  n u rs in g , d ie te tic s , g en e t-  
ics, soc ia l serv ices, an d  p sycho logy  th a t are  ía m ilia r  w ith  
th e  PW S c o n d itio n . A ncillary  re so u rc e s  th a t a re  n eces- 
sary  w ill in  p a r t be ag e -d ep en d e n t, b u t u ltim a te ly  these  
w ill in c lu d e  social services, early  in te rv e n tio n  p ro g ra m s 
for ch ild ren , physical th e rap y , o cc u p a tio n a l th e ra p y , 
an d  ag e -ap p ro p ria te  ed u ca tio n a l/v o ca tio n a l serv ices . 
A c o n tro lle d  an d  ca ring  e n v iro n m e n t w ith  reg u la r  
ro u tin e s  a lo n g  w ith  p h arm aco lo g ica l th e ra p y  m ay  be 
in itia ted  to stab ilize m ood  and  b eh a v io r  an d  im p ro v e  
se lí-esleem . F or ad u lis , se lí-care has n o t been  sh o w n  to 
be possib le  an d  g ro u p  h om e e n v iro n m en ts  w ith  s tr ic t 
d ie ta ry  C o n tro ls  are  essen tial.

S ince the  severity  of the assoc ia ted  H ealth p ro b lem s 
is d irec tly  re la ted  to  the degree  o f obesity , n u tr it io n a l 
in te rv e n tio n  is the single key c o m p o n e n t o f an y  trea t- 
m e n t p rog ram . A ppetite  su p p re ssa n ts  are ineffective 
in  co n tro llin g  overeating  in  in d iv id u a ls  w ith  PW S. 
B aria tric  su rgery  h as  n o t b een  generally  su ccess íu l 
an d  can  be associa ted  w ith  co m p lic a tio n s  d u e  to  appe- 
tite  ab n o rm a lity  an d  m en ta l r e ta rd a tio n . W e ig h t m an- 
ag cm en t n eed s to in c lu d e  co m p le te  and  ab so lu te  co n tro l 
over access to food an d  a ca lo rie -restric tiv e  d ie t, u su a lly  
a p p ro x im a te ly  lO ca l/c m  o f he ig h t. D ietary  re s tr ic tio n s  
o ften  need  to be m a in tá in e d  for life  in  th e  range  o f  900  to 
1200 kca l/day  and  rare ly  ca n  exceed  1400  kca l/day . T he 
low -ca lo rie  d ie t req u ire s  a t te n tio n  lo th e  p re v e n tio n  of 
v itam in , essen tia l fatty  acid , an d  ca lc ium  deíìc ienc ies. 
B ehavior m od iR cation  p lan s th a t re w ard  positive  behav - 
io rs  w ith  resp ec t to  w eigh t m a n a g e m e n t an d  ac tiv ity  
p ro g ra m s m ay be beneR cial for so m e p a tien ts . P ro g ram s 
sh o u ld  also  in c lu d e  ĩam ily  th e ra p y  an d  b eh av io ra l m an- 
ag em en t co m p o n e n ts  th a t em p h asize  en v iro n m en ta l 
C o n tro ls  w hile  s im u ltan eo u sly  en co u rag in g  soc ia l in te - 
g ra tio n  and  in d e p en d e n ce . S tru c tu re d  physica l ac tiv - 
ity  p ro g ra m s to in c rease  en e rg y  e x p e n d itu re  and  
b u ild  m u sc le  m ass can be in itia ted  an d  m ay  su s ta in  
th e  in d iv id u a l w ith  PWS if it is w e ll-d e fin ed  a n d  easy 
to  acco m p lish .

E n d o c rm e  ab n o rm a lities  are  a s ig n iíican t p a r t  o f  the  
m ed ica l p ic tu re  o f  PW S. T hese  a b n o rm a litie s  re la te  to 
th e  p rim a ry  ab n o rm a litie s  o f the  h y p o th a la m u s  a n d  sec- 
o n d a rily  to th e  co m p lica tio n s  o f the  obes ity  a n d  d ie t 
m od iR ca tions. P itu ita ry  ĩu n c tio n  ab n o rm a litie s  in c lu d e  
h y p o g o n ad o tro p ic  h y p o g o n ad ism  w ith  absen t, delaved , 
an d  in c o m p le te  p uberty . O n  o ccas io n , p rec o c io u s  b u t



in c o m p le te  p u b e r ty  has b een  o b serv ed . GH secre tio n  
defic iency  has also  b e e n  d o c u m e n te d  to  be p art o f 
ih is  h y p o th a la m ic —p itu ita ry  íu n c tio n  ab n o rm a lity . 
O lh e r  en d o c rin e  ab n o rm a litie s  th a t have b ee n  iden tiB ed  
in c ỉu d e  ab n o rm a litie s  o f  se c re tio n  o f  p an c rea tic  secre- 
tio n  o f  in su lin  an d  p an c re a tic  p o ly p e p tid e  w ith  in- 
c reased  r isk  o f ciiabeies. T he a b n o rm a litie s  o f g lucose 
h o m e o sta s is  an d  in su lin  se c re tio n  are  n o t s im p ly  a con- 
seq u en ce  o f  the  obese  c o n d itio n  a n d  asso c ia ted  in su lin  
res is tan ce , b u t have b een  h y p o th e s iz ed  to  be se co n d a ry  
to ab n o rm a litie s  in  n o rm a l a u to n o m ic  c o n tro l o f islet 
cell sec re tio n . T h y ro id  d e íìc ien c ie s  m ay  o c c u r  in  PW S 
in d iv id u a ls , a lth o u g h  they  h av e  n o t b een  id en tified  as 
com  m o n  p ro h lem s. PW S in d iv id u a ls  are  a t h ig h  risk  
for o sleo p o ro s is . T h is  can  be a m a jo r p ro b le m  as a 
c o n seq u e n ce  o f th e  lack  of sp o n ta n e o u s  se c re iio n  of 
sex  s te ro íd s  d u r in g  ad o lescen ce , g ro w th  h o rm o n e  defi- 
c iency , an d  ihe d ie ta ry  re s tr ic tio n s  th a t lim il m ilk  an d  
c a lc iu m  in take.

T re a tm e n t o f th e  e n d o c r in e  ab n o rm a litie s  in c lu d es  
a p p ro p ria te ly  tim ed  re p la c e m e n t o f sex s te ro id s . T his 
m ay in c lu d e  h u m a n  c h o rio n ic  g o n a d o tro p in  trea im e n t 
o f th e  in ía n t w ith  c ry p to rc h id ism /h y p o g o n a d ism  an d  
use o f  es tro g en s a n d  a n d ro g e n s  at the  tim e oí ado les- 
cen ce . Early re c o g n itio n  o f sy m p to m s an d  s igns o f di- 
a b e te s  can allow  for aggressive in te rv e n tio n  w ith  w eigh t 
c o n tro l an d  d ie t as p r im a ry  tre a tm e n t. Several con- 
tro lle d  s tu d ies  have n o w  been  p u b lish e d  on  the  beneíì- 
cial effect o f GH in c h ild re n  w ith  PW S an d  as a re su lt GH 
is a F o o d  an d  D rug  A d m in is tra tio n -a p p ro v e d  th e rap y  
ío r  g ro w th  ía ilu re  in  c h ild re n  w ith  PW S. D aily su b cu - 
ta n e o u s  a d m in is tra tio n  o f  GH re p la c e m e n t (a t a w eek ly  
dose  o f  0 .2 4 m g /k g  b o d y  w eig h t)  n o rm alize s  lin ea r 
g ro w ih , p ro m o te s  in c reases  in  le an  bo d y  m ass, de- 
c re ase s  fat m ass, a n d  im p ro v e s  b o n e  m in e ra l d ensity , 
all o f  w h ich  are beneficia l to  w eig h t m an ag em en t. 
T h e re ío re , grovvth ra te s  of c h ild re n  w ith  PW S sh o u ld  
be m o n ito re d  an d  re ĩe rra l for g ro w th  h o rm o n e  evalua- 
tio n  is a p p ro p r ia te  if th e  chilcTs g ro w th  velocity  de- 
c reases  o r  if  h e ig h t is  less th a n  th e  th ird  p e rcen tile . 
F u r th e r  in v es tig a tio n  is n ee d ed  to d e te rm in e  w h e th e r  
a d u ỉt GH th e ra p y  w o u ld  be o f  b en e íìt to the  ad u lt 
PW S p a tien t.

R ecen t s tu d ies  in v o lv in g  c h ild re n  a n d  ad u lts  w ith  
PW S re p o rt íasting  g h re lin  p la sm a  c o n c e n tra tio n s  sig- 
n iíìca n tly  h ig h e r in  PW S su b je c ts  th a n  in obese  an d  lean  
c o n tro l sub jects . G h re lin , a h o rm o n e  p re d o m in a n tly  
se c re te d  by  the s to m ac h , in c re ase s  b efo re  every  m eal 
and  decreases  after n u tr ie n t  in ta k e , su g g estin g  a role 
in  m eal in itia tio n . P lasm a g h re lin  levels are  also 
low er in  obese in d iv id u a ls  th a n  in  lean  ind iv id u als . 
F u tu re  s tu d ie s  are n ee d ed  re g a rd in g  the  ro le  o f g h re lin  
as an  o rex ig e n ic  ía c to r  d riv in g  th e  in sa tia b le  ap p e tite  of

PW S p a tie n ts  an d  w h e th e r  g h re lin  an tag o n is ts  co u ld  
effectively red u c e  food  in take.

As p a tien ts  w ith  PW S b eco m e o ld e r an d  m ore inde- 
p e n d e n t, behav io ral d iso rd e rs , in c lu d in g  obsessive— 
co m p u lsiv e  d iso rd e rs  an d  psychoses, can  becom e 
m ajo r issues. S ero to n in -sp ec iíìc  re u p ta k e  in h ib ito rs  
m ay be a p p ro p r ia tc  to stab ilize  irritab ility  an d  persev- 
e ra tio n  as in itia l therap ies .

W iih  a p p ro p ria te  in te rv e n tio n , th e  very  p o o r 
c lin ica l co u rse  can be ch a n g ed  for th e  in d iv id u a l w ith  
the  PW S co n d iíio n . Incỉividuals w ho  have h ad  the ben- 
eíìt o f  early  d iagnosis  an d  in te rv e n tio n s  vvill have m o re  
n o rm a l a l th o u g h  g en e ra lly  s till excessive w eigh t, less 
severe sh o r tn e s s  of s ta tu re , an d  pcrsis terỉt m usc le  hy- 
p o to n ia  co m p ared  to n o rm a l, b u t sign ifican tly  im p ro v ed  
m ob ility  a n d  ac tiv ity  p a tte rn s  th a n  w o u ld  o th e rw ise  be 
possib le . W ith  p ro p e r  care , the  beh av io ra l p rob lem s, 
th o u g h  sign iB cant, are m anageab le . T he ex p ected  life 
sp an s o f  PW S in d iv id u a ls  w ho  have received  an tic ipa- 
lo ry  care an d  a p p ro p ria te  a t te n tio n  to m ed ica l p ro b lem s 
have yet to  be cleterm ined , b u t can  be beyond  30 to 
40 years a n d  are  associa ted  w iih  the  absence o f the 
m a jo r c o -m o rb iđ itie s  an d  a m a rk e d ly  im p ro v ed  quality  
o f  life.
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Pregnancy and Gastrointestinal Disease
R e n e  D a v il a  a n d  C l a ư d io  R. T o m b a z z i 
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h y p e r e m e s is  gravidarum  P e r n ic io u s  c o n d it io n  in  vvh ich  the  
p r eg n a n t p a tie n t d e v e lo p s  se v e r e  and  in tra cta b le  n a u sea  
a n d  v o m it in g  a sso c ia te d  w ith  n u tr it io n a l a n d  f lu id /  
e le c tr o ly tê  d e íic ie n c ie s .  

trim ester P o rtio n  oí a p r e g n a n c y  in  tim e; íìrst, s e c o n d , and  
th ird  tr im esters  r o u g h ly  c o r r e sp o n d  Lo m o n th s  1 —3,
4 —6 , a n d  6 —9.

The developm ent of com m on gastroen tcro log ical condi- 
tions du ring  p regnancy  may p resen t a challenge to  phy- 
sic ians w ho are no t íam iliar w ith  the a ltered  physio logy  of 
the gravid State. K now tedge o f the  m ost com m on gastro- 
in te stin a l d iseases in  p regnancy  is critica l to  the h ea lth  of 
b o th  m o th e r and child .

INFLAM M ATORY BOW EL D1SEASE

T he ra tes o f íe rtility , co n g en ita l m a lfo rm a tio n , still- 
b ir th s , an d  sp o n ta n e o u s  a b o rtio n s  in  w o m en  w ith  ul- 
ce ra tive  co litis  (U C ) are  co ra p arab le  to  th o se  of 
u n affec ted  w om en . U lce ra tive  colitis m ay have its 
o n se t in  the íìrst tw o tr im e s te rs  o f ges ta tio n . W o m en

w ith  p re e x is tin g  uc an d  w hose ưc is  a sy m p to m atic  in 
the  p re n a ta l p e rio d  u su a lly  do  n o t ex p e rien ce  exacer- 
b a tio n  of d isease  d u r in g  pregnancy . O n  the o th e r  h an d , 
w o m en  w h o  have  ac tive d isease b e ío re  p reg n an cy  m ay 
ex p e rien c e  w o rse n in g  of sy m p to m s d u r in g  the íìrst tri- 
m e s te r  a n d  s ig n iíìcan t im p ro v em en t d u rin g  th e  second  
trim e ste r. M o st p reg n an c ie s  o f w o m en  w ith  u lcerative  
co litis  re su lt in  de livery  of n o rm a l íu ll-te rm  babies.

C ro h n s  d isease  is rare ly  d iag n o sed  in itia lly  d u rin g  
p reg n a n cy . T h e  fertility  rate  in  w o m en  w ith  C ro h n s  
d isease  is affected  by  th e  m u ltip le  clin ical co m p lica tio n s 
o f the  d isease , su c h  as p erineal scarring , d y sp a reu n ia , 
and  d ec reased  lib ido . W om en  vvith active C ro h n ’s d is- 
ease have a n  in c re ase d  risk  for p re raa tu re  b ir th . T here 
a re  no  in c reases , how ever, in  congen ita l m alío rm atio n s, 
s tillb ir th s , o r sp o n ta n eo u s  ab o rtio n s. T re a tm en t of 
C rohn^s d isease  d u r in g  p reg n a n cy  w ith  sư lfasalazine,
5 -am in o sa licy lic  ac id , or co rtico s te ro id s  has been  un- 
d e r ta k e n  w ilh o u t r isk  for fetal abno rm alities.

T he use o f im m u n o su p p re ss iv e  the rapy  vvith azath i- 
o p rin e  o r  6 -m e rca p to p u rin e  has generally  been 
a v o id ed  d u r in g  p reg n an cy , a lth o u g h  p u b lish ed  data 
ha  ve no t suggested  an  inc rcased  risk  of com plications.



lm m u n o su p p re ss iv e  the rapy  d o es  n o t re p re se n t an  ab- 
so lu te  c o n tra in d ic a tio n  for p reg n a n cy  o r  an  ab so lu te  
in d ica tio n  for te rm in a tio n  o f p regnancy .

PANCREATITIS

T he in c id en ce  of p a n c rea titis  d u r in g  p reg n a n cy  is
0.009%  (less th a n  1 in  10 ,000). A p p ro x im a te ly  90%  
o f case-s o f p an c rea titis  d u r in g  p re g n a n c y  are  d u e  to 
g allstones, w ith  c lin ica l m a n iíe s ta tio n s  an d  d iagnosis 
s im ilar to  those  in  n o n p re g n a n t p a tien ts . M an ag em en t 
sh o u ld  be m ed ica l, b u t in a se ttin g  o f h igh -leve l of 
care. T he  ro le o f en d o sco p ic  re tro g rad e  cho lan g io - 
p an c rea to g ra p h y  (ER C P) in  the  m an ag e m en t o f gall- 
s to n e  p an c rea tilis  d u r in g  p reg n a n cv  is u n c le a r  and  is 
p o ten tia llv  d an g e ro u s due  to  ra d ia tio n  ex p o su re  to the 
fetus. Surgery  sh o u ld  be re se rv e d  for p a tien ts  w ith  
life -th rea ten in g  con d itio n s.

GALLSTONE-RELATED DISEASE

T he in c id en ce  of ga llstones in c reases  in  p regnancy . 
T he p reva lence in  asy m p to m atic  p re g n a n t w om en  
is 2 .5 -1 2 % . T he e tio logy  for th is  in c re ase d  in c id en c e  
is re la ied  to  ab n o rm a litie s  in  g a llb la d d e r m otility , 
h o rm o n a l changes, c h o le s te ro l su p e rsa tu ra tio n , and  
changes in b ile  ac id  co m p o sitio n  o í  bile.

T he c lin ica l m a n iíe s ta tio n s  are s im ila r ih a n  th o se  in  
n o n p re g n a n t w om en . D iagnosis is u su a lly  m ade by  the 
use of ab d o m in a l u ltra so u n d . R a d io n u c lid e  h ep a to - 
b iliary  im in o d iace tic  ac id  (H ID A ) scan  s tu d ie s  are  con - 
tra in d ica ted  due  to  rad ia tio n  ex p o su re . In  p a tie n ts  w ith  
cho lecystitis  d u r in g  p reg n an cy , conserva tive  m anage- 
m e n t w ith  an tib io tic s  an d  in tra v e n o u s  ílu id  rep ìa cc m en t 
is th e  tre a tm e n t o f choi.ce. ERC P w ith  s to n e  rem ova l has 
b een  p eríb rm e d  in  a lim ited  n u m b e r  o f cases w ith  ex- 
trem e lead  sh ie ld in g  an d  m in im al u se  o f íluo roscopy . 
C ho lecystec tom y  is in d ica ted  for p a tie n ts  w h o  do  
1101 re sp o n d  to conserva tive  th e rap y . L aparoscop ic  
cho lecystec tom y  is n o t rec o m m en d e d  b ecau se  o f the 
h igh  risk  of dam age to  the  g rav id  u te ru s . O p en  ch o le- 
cystec tom y d u r in g  the  fìrst tr im e s te r  m ay c o n tr ib u te  to  
a r isk  o f  a b o rtio n , a n d  su rg e ry  đ u r in g  the  th ird  tri- 
m este r m ay in d u c e  labor.

HEM ORRHOIDAL DISEASE

P regnan t w o m en  co ram o n ly  e x p e rie n c e  a n o re c ta l d is- 
co m ío rt, b leed in g , o r  ana l p ru r i tu s  d u r in g  th e  th ird  tri- 
m este r o f  gesta tion . F ac to rs  c o m m o n ly  invo lved  are 
m echan ica l co m p ress io n  of ve ỉn s by the  en la rg in g

u te ru s  a n d  w o rsen in g  c o n s tip a tio n  w ith  inc reased  
s tra in in g  d u r in g  d e ỉeca tio n . T re a tm e n t in c lu d es  
conserva tive  m e asu res  su c h  as sitz  b a th s  an d  sup p o si-  
to ries. S u rg ica l h e m o rrh o id e c to m y  sh o u ld  be rese rved  
for in tra c ta b le  cases.

C O N ST IPA T IO N

T he ử e q u e n c y  o f c o n s tip a tio n  d u r in g  p reg n a n cy  is 
1 1 —40% . T he  p a th o g en e sis  is u n c lea r, b u t m ay be re- 
la ted  to  in c re ase d  se ru m  p ro g este ro n e  levels, ex trin sic  
co m p re ss io n  o f the  co lo n  o r  re c tu m  by  the  gravid  
u te ru s , o ra l iro n  su p p le m e n ta tio n , an d  in c reased  ab- 
so rp tio n  o f  w a te r and  e lec tro ly tes . T he m an ag em en t 
sh o u ld  in c lu d e  in c re ase d  in ta k e  o f  ílu id  and  d ie tary  
íiber, as w ell as the  u se  of b u lk -fo rm in g  agen ts. L axatives 
c o n ta in in g  a n th ra q u in o n e  o r  cascara  d eriv a tiv es  s h o u ld  
n o t be u se d  d u r in g  p reg n a n cy  b ecau se  o f the  p o te n tia l to 
cause  co n g e n ita l m a lío rm a tio n s . C a s io r  o il sh o u ld  also 
be av o id ed  b ecau se  it  inc reases  p re m a lu re  u te rin e  con- 
trac tio n s . T he  use o f p h e n o lp h th a le in  laxatives is con- 
tra in d ica ted  d u r in g  b reast-íeed in g .

G ASTRO ESO PH AG EAL  
REFLUX DISEASE

T he in c id en c e  o f h e a r tb u rn  d u r in g  p reg n a n cy  is 
30 — 50% , an d  it o ften  o cc u rs  daily . T he p a th o g en esis  
o f g as tro eso p h ag ea l re ũ u x  in  p reg n a n cy  is re la ted  to 
the  e n la rg in g  g rav id  u te ru s  th a t cau ses in c reased  
in tra a b d o m in a l an d  in tra g as tr ic  p ressu res , a h o r- 
m o n e -m e d ia te d  d ecrease  in  low er e so p h ag e a l sp h in c te r  
p re ssu re , a n d  d ec reased  eso p h ag eal c lea ran ce . T he clin- 
ical m a n iíe s ta tio n s  a re  s im ila r  to  th o se  in  n o n p re g n a n t 
w om en . E so p h ag o g a s tro d u o d en o sco p y  is safe d u rin g  
p reg n an cy , b u t is se ld o m  n ee d ed  to es tab lish  a d iagno- 
sis. T he  ro le  o f 2 4 -h o u r  pH  m o n ito rin g  rem a in s  to  be 
d e te rm in e d . C o m p lic a tio n s  o f  re ílu x  su c h  as severe 
erosive  o r  u lc e ra te d  eso p h ag itis  a re  ra re ly  seen.

M an ag em en t in c lu d es  d ie ta ry  ch an g es su ch  as 
ea tin g  a d ie t lo w  in  ía tty  foods, as w ell as avo idance 
of foods w ith  a h ig h  ac id ic  c o n te n t o r su b stan ce s  tha t 
d ec rease  th e  lo w er eso p h ag ea l sp h in c le r  p re ssu re , su ch  
as caffeine. L ifestyle changes su c h  as e lev a tio n  o f the 
h ead  of the  b e d  a n d  cessa tio n  o f sm o k in g  are also  rec- 
o m m e n d ed . T he u se  o f n o n -ca lc iu m -b a sed  an tac id s  or 
su c ra lía té  ap p e a rs  to  be safe an d  effective.

In tra c tab ỉe  g as tro eso p h ag ea l re ílu x  m ay req u ire  the 
use of d ru g s th a t red u c e  o r  su p p re ss  gas tric  acid  secre- 
tion . C im etid in e  sh o u ld  be av o id ed  b ecau se  oí an ti- 
a n d ro g e n ie  effects th a t m ay  affect n o rm a l m ale fetal



developm ent. R an itid ine  use for sh o r t p e r io d s  ap p e ars  
to be safe d u rin g  p rcgnancy . A lthough  ce rta in  p ro to n  
pu m p  in h ib ito rs  such  as om eprazo le  an d  p a n to p ra zo le  
m ay be toxic to the  íe tus, lan sop razo le  d o es n o t a p p e a r  
to be  toxie, a t least in  anim als.

NAUSEA A N D  HYPEREMESIS 
GRAVIDARUM

The inc idence of nausea  an d  em esis d u r in g  p reg n a n cy  
is 6 0 —70%, an d  is m ore  co ram on  in  th e  íìrst tr im este r. 
H yperem esis graviclarum  occurs in  0 .5  to 10 o f 1000 
pregnancies. It p resen ts  as severe, p e rs is te n t em esis  th a t 
usually  requ ires  h o sp ita liza tio n  for flu id  re p la c e m e n t 
ancl n u tr itio n a l su p p lem en ta tio n . H o sp ita liza tio n  is in- 
d icated  w hen  p reg n an t w om en  p resen t w ith  tach y card ia  
and  h ypo tension , ketosis, o r w eigh t loss. A ssociated  
factors in c lu d e  nu llip arity , m u ltip le  g es ta tio n s, obesity , 
and h y d a tid iío rm  m ole. O th e r  associa ted  íầc to rs  som e- 
tim es in c lu d e  ab no rm al gastric  em p ty in g , a u to n o m ic  
d y síunc tion , h y p erlh y ro id ism , and  p sycho log ica l fac- 
tors. C onservative m anagem en t is d ire c te d  to  fluid 
and  e lec tro ly te rep lacem en t. T he use o f  an tiem e tic s

su c h  as m e to c lo p ra m id e  an d  p ro c h lo rp e ra z in e  is be- 
lieved  to be safe d u r in g  p reg n an cy .
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Probiotics
F e r g u s  S h a n a h a n

Aỉimentarỵ Phannabiotic Centre, ưniversity Colìcge Cork, National ưniversitỵ of Ireland, 
and Cork ưniversity Hospitaì, Cork, Ireland

prebiotic A nonđigestible food ingredient that can beneíì- 
cìallv iníluence thc health of the host by selectively 
altering the enteric ílora. 

probiotic A live microorganism ihai, when consumed in 
adéquate am ounts, can coníer a health effect on the host. 

synbiotic A mixture ot prebiotic and probiotic elements.

P rob io tics are live m icroorgan ism s th a t, w h en  consum ed  
in su ííìc ien t am oun ts, can íavorably in íluencc the  m icro- 
bial ecology of the h o st and th u s con íer a h ea lth  bene íìt on 
the host. P rob io tics m ay exert th e ir  beneíìc ia l effects by 
d iffe ren t m echan ism s, includ ing  the p ro d u c tio n  o f anti- 
m icrobial factors, com petition  for b in d in g  s ite s  o r  nu tri- 
en ts, and m odu la tion  o í thc im m une systcm .

TERM INOLOGY

P ro b io tics  a rc  h io log ica l agen ts, u su a lly  co n su m ed  as 
foọd su p p le m e n ts , th a t can  íav o rab ly  in ílu e n c e  the  m i- 
c ro b iạ l eco logy  o f  th e  host. P rec ise  d e íin itio n  c o n tin u e s  
to evolve an d  they  have rec en tly  b een  d esc rib e d  as i i v e  
m ic ro o rg a n ism s w h ich , w h en  c o n su m e d  in ad e q u a te  
am o u n ts , c o n íc r  a h e a lth  effect o n  th e  h o s t .” T h e  em - 
p h as is  on  live m ic ro b es  is in  c o n tra s t 10  p reb io tic s , 
w h ich  arc n o n d ig e s tib le  food in g re d ie n ts , o íte n  o f an  
o ligo- o r  a p o ly sacch arid e  n a tu re , th a t b en e íìc ia lly  affect 
the  h e a lth  o f  the  h o s t by se lec tive ly  s tim u la tin g  the 
g ro w th  o r ac tiv ity  o f ce ria in  b a c te ria l sp ec ies  a lready  
es tab lish ed  w ith in  th e  co lon  o f  the  h o s t. M ix tu res  of 
p ro b io tic s  a n d  p reb io tic s  are re íe rre d  to  as sy n b io tics . 
E ach  is an  ex am p le  o f  a g row ing  lis t o f íu n c tio n a l foods 
o r n e u tra c e u lic a ls  th a t confer a h e a lth  b en e íìt b ey o n d  
th e ir  n u tr itio n a l co n te n t. A lth o u g h  th e  te rm  p ro b io tic  
(“fo r life’') is rela tively  new , th e  c o n c e p t o f co n su m in g  
se lec ted  b ac te ria  for h e a lth  p ro m o tio n  vvas rec o g n ize d  
a lm o st a c e n tu ry  ago. T he R u ss ian -b o rn  N o b el lau rea te  
Eli M e tch n ik o ff  re g ạ rd e d  en te ric  la c to b a c illi an d  the 
c o n s u m p tio n  o f y o g u rt-lik e  foods as im p o r ta n t for 
h e a lth  an d  longev ity  a n d  the F re n c h  p e d ia tr ic ia n  T issier 
s tu d ie d  en te ric  ub ifid” b ac te ria  in  re ỉa tio n  to  d ia rrh ea l 
illn ess  an d  suggcsted  th a t they  c o u ld  h av e  a th e ra p e u tic  
role. P ro b io tics  are generally  g ram -p o sitiv e  b ac te ria  
an d  m em b ers  o f the  gen e ra  Lactobaciỉỉus  an d

B ifidobacterium , a lth o u g h  o th e r  bac te ria  in c ỉu d in g  
E schench ia  coỉi and  n o n b ac te ria l o rgan ism s su ch  as 
Saccharom yces boulardii havc been  selected  as p o ten tia l 
p ro b io tic s . C rite ria  for se lec tio n  of m ic ro o rg an ism s as 
c a n d id a te  p ro b io tic s  in c lu d e  p ro liíe ra tiv e  capacity  and 
cap ab ility  o f tran sil an d  survival w ith in  the gastro in tes- 
tina l trac t. T h is  requ ires  rela tive resis tance to  acid  ancỉ 
b ile . M ost im p o rta n t a re  sa íety  c rileria . L ac tobacilli and 
b if id o b a c te ria  have a long  h is to ry  of usage w ith o u t haz- 
a rd , w h ic h  is the greatest te s tim ony  to th e ir  safeiy. In 
ra re  o r  ex c ep tio n a l c ircu m stan ces, lactobacilli have 
been  l in k e d  w ith  system ic tran slo ca tio n  b u t tliere ap- 
p ea rs  to be  no  increased  írequency  of b ac te rem ia  w ith  
in c re ase d  u sage of p rob io tics .

M EC H A NISM  OF ACTIO N

P ro b io tics  m ay  ex ert th e ir  beneíic ia l effects in various 
se ttin g s  by  d if ie re n t m echan ism s. T hese in c lu d e  the 
p ro d u c tio n  o f an tim icro b ia l factors su c h  as b ac te rioc in s , 
c o m p e titiv e  exc lu siơn  of p a th o g en  b in d in g  to the m u- 
cosal e p ith e liu m , co m p e titio n  for n u tr ie n ts , cond ition - 
in g  o f  th e  m ucosal ep ith e liu m  an d  subep ithe lia l 
s tru c tu re s , an d  m o d u la tio n  ol the im m u n e  systera. Ev- 
id e n ce  fro m  s tu d ie s  in vitro  su p p o rts  each  of these  m ech- 
an ism s. P ersuasive  ev idence also ind ica tes  m olecu lar 
s ig n a lin g  fro m  com m ensal an d  p ro b io tic  o rgan ism s to 
th e  h o s t m u c o sa l cells. T he m echan ism  by w h ich  the 
h o st im m u n e  system  d is tin g u ish es p a th o g en ic  organ- 
ism s fro m  co m m en sal an d  p ro b io tic  o rgan ism s is 
m e d ia te d  in  p a r t by p a tte rn  reco g n itio n  m olecu les (or 
to ll-lik e  re c e p to rs )  on  the  su ríace  of im m u n e  an d  epi- 
the lia l m u c o sa l cells. L igands for these rec ep to rs  inc lude 
b ac te ria l lip o p o ly sacch a rid e , cell w all co m p o n en ts , and 
b ac te ria l n u c le ic  acid.

TH ERAPEUTIC APPLICATIONS

ln  g en e ra l, the  p ro m ise  and  claim s for p ro b io tic s  have 
o u ts tr ip p e d  th e  level o f su p p o rtin g  ev idence. T his ini- 
tia lly  s h ro u d e d  the field w ith  a m easu re  of skep tic ism  
th a t is b e g in n in g  to  be rep laced  w ith  m o re  rigp rous



sc ien tiíìc  sc ru tin y  of the  ro le  of the en teric  m ic ro ílo ra  in  
gas tro in tes tin a l d ev e lo p m e n t, phvsio logy, and  disease. 
T he p o ten tia l for th e ra p e u tic  or p ro p h y lac tic  m an ipu- 
la tio n  of the gu t flora w ith  p ro b io tic s  seem s m ost obvi- 
o u s in  the co n tex t o f g as tro in tes tin a l in íec tio n s  and 
overg row th  sy n d ro m es in c lu d in g  an tib io tic -assoc ia ted  
overg row th  w ith  C lostrỉd ỉum  difficiỉc. T he likely  partic- 
ip a tio n  of the co m m en sal ílora in  g en e ra tin g  co- 
ca rc inogens from  d ie ta ry  su b stra tes  suggests a role for 
p ro b io tic s  in  p rev e n tio n  o f co lo recta l cancer. T here is 
also persuasive  ev idence fo r a role for p ro b io tics  in  food 
allergy an d  o th e r  a top ic  d ỉso rd ers . Several lines o f ev- 
idence have in d ica ted  th a t a subsel o f the re sid en t com - 
m ensal flora drive the in ílam m ato ry  process in  p a tien ts  
w ith  C ro h n ’s d isease an d  u lcerative  colitis. T his has led  
to the  use of p ro b io tic  p re p a ra tio n s  in  ihese cond itions. 
P ilo t s tud ies  in  an im al m ode ls o f  in ílam m ato ry  bow el 
d isease have b een  very  en c o u rag in g  an d  the best evi- 
d en ce  to  date for eííìcacy in  h u n ian  in ílam m ato ry  bowel 
disease has b een  in  p a ticn ts  vvith p o u ch itis  follow ing 
co lec tom y  for u lcerative  co litis w ith  th e  c rea tio n  of

an  ileo an a l p o u c h  an asto m o sis . F ina lly , the  sc o p e  an d  
p o te n tia l of p ro b io tic s  m ay, in the  íu tu re , be red e íìn ed  
w ith  thc use o f g en e tica lly  m o d iíìed  o rg an ism s tha t 
are en g in ee red  for delivery  o f b io log ica lly  re levan t 
m olecu les su c h  as reg u la to ry  cy to k in es , enzym es, and  
vaccines.

See Also the Following Articles
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Proctitis and Proctopathy
J osh Leviĩsky and E li D. Ehrenpreis 

ưniversity oJ Chicago

diversion proctitis Inflammation and íriabilitv of the colonic 
mucosa after exclusion ol a distal segment of colon frora 
the fecal stream. 

lymphoid íollicular hypcrplasia Lncreased grovvth and 
abundance oflym phoid íolíicles. often seen in pathologic 
specimens oí patients vvith diversion proctitis and colitis. 

mesalamine 5-Aminosalicylic acid. 
proctitis Inílammation of the rcctum. 
proctopathy Any pathologic process involving ihe rectum 

without having a signiíìcant component of rectaì 
inílamniation.

short-chain fatty acids C h e m ic a ls  d er iv cd  írom  bacleria ỉ 
metabolism of notiabsorhcd or poorly digestcd dietary 
carbohydrates; used in enema íorm íbr divcrsion proctitis.

A lthough the term  p ro c titis  has bcen applied  to a num ber 
of d iso rders involving the rcctum , ils strict deíin ition  re- 
fers only to those cond itions characterized by inílam m a-

tion  of the m ucosa an d /o r deeper layers o f the rec ta l wall. 
O ther p rocesses causing  little  to  no rectal inflam m ation, 
such as chronic rad ia tio n  in ju iy , are served b e tte r  by the 
term  proctopathy . Som e p roctopath ies are im p o rtan t clin- 
ical en tities and receive a detailed  d iscussion  in th is arti- 
cle. Rectal involvem ent may also be p resen t in  conditions 
lỉm ited  to  the co lon , as in in íections colitis. F inally, rectal 
involvem ent m ay occu r as a m an iỉesta tion  of a system ic 
d isorder, such as am yloidosis.

sYM PTOM ATOLOGY A N D  
CLINICAL EVALUATIO N

T he sy m p to m s o f p ro c titis  an d  p ro c to p a th y  o c c u r due to 
dam age of rec ta l m u co sa  an d  a lte ra iio n  o f norm al 
rec ta l ĩu n c tio n . M ucosal inR am m ation  an d  d isrup- 
tion  p ro d u c e  classic  sv m p to m s o f rectal b leed ing
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(h em a to ch e z ia ) , sm a ll-v o lu m e d ia rrh e a , passage of 
m u cu s, an d  in te rm itte n t, c ra m p y  pain . D ecreased  
rec ta l co m p lian ce  re su lts  in  th e  ch a ra c te r is tic  syn ip tom s 
o f in c reased  s to o l íreq u e n cy , u rg en c y , p a in fu l anal 
sp asm  w ith  lim ited  e v a cu a tio n  ( te n e sm u s) , an d  at 
tim es, fecal in c o n tin e n ce . S y m p to m s m ay be exacer- 
b a ted  b y  anal in v o lv em en t o f  th e  d isease  p rocess. Be- 
caưse o f  the w ide range of d ia g n o se s  possib le  w ith  the 
d ev e lo p m e n t o f the  sy m p to m s, a th o ro u g h , a lbe it o rgan- 
speciíic , h is to ry  a n d  ph y sica l e x a m in a tio n  is p e ríb rm e d .

P e r tin e n t in fo rm a tio n  in c lu d e s  sex u a l p rac tices, 
íam ilv  h is to ry , p rio r  pelv ic  ir ra d ia tio n  o r  bow el su rger- 
ies, an d  a h is to ry  o f  ch ro n ic  c o n s tip a tio n  o r an o rec ta l 
d isease . T he physical e x a m in a tio n  sh o u ld  in c lu d e  an 
e v a lu a tio n  for ab d o m in a l te n d e rn e ss , fem oral a n d  in- 
g u in a l ly m p h a d en o p a th y , and  p e r ia n a l u lc e ra tio n , fis- 
tu la , o r  ten d ern ess . R ectal e x a m in a tio n  is  u se íu l for 
a sse ssm en t o f  sp h in c te r  íu n c tio n , ío r  the d iag n o sis  o f 
rcc ta l m asses, an d  to test for g ro ss  o r  o c c u lt b lood . Stool 
c u ltu re s  an d  tests for ova, p a ra s ite s , an d  Cỉostridium

dỉỊỊìcile tox in  arc o b ta in ed  w h en  re levan t. F lexible 
p ro c to s ig m o id o sco p y  an d  so m e tim es co lo n o sco p y  are 
u sed  to d e te rm in e  the  ex tern  an d  severity  o f  disease 
in v o lv em en t, to  sam p le  eo lon ic  e rtlu en t ío r cu ltu re , 
an d  to o b ta in  m ucosa l b iopsies. Furt.her m anagem en t 
d ec is io n s are  m ade b ased  on  the íinclings o f the cỉin ical 
eva lua tion . T he etio log ies of p ro c titis  and  p ro c to p a th y  
are sh o w n  in Table I.

ETIOLOGIES OF PROCTITIS  

Inỉectious Proctitis

Sexually  tra n sm itte d  d iseases a c c o u n t for m ost cases 
o f in íe c tio u s  p ro c titis . P a tien ts  at h ig h e s t r isk  in c lu d e  
h o m o sex u a l m en , p articu la rly  th o se  p rac tic in g  anal re- 
cep tive in te rc o u rse  (AR1) and h av in g  m u ltip le  sexual 
p a rtn e rs . P a tien ts  w ith  h u m a n  im m u n ỏ d efic ien cy  virưs 
(H IV )/acqu ired  im m u n o d e íìc ie n cy  sy n d ro m e (AIDS) 
are  also ai h igh  risk .

TABLE I E tio logies o f P ro c titis  and  P roctopathy

P ro c litis P roclopathy

In ícctiou s Radiation
Bactcrial lsch em ia

Nãsscría gonorrhoeae Trau ma
Chlamyclia trachomatis (LGV and non-L G V ) Solitary rectal ulcer syndrorne
Shigellci spp. H em ato log ic  d iseases
Salm ơneỉỉa  spp. L ym phom a
Campỵỉohcicter spp. A cute m yelogen ou s leu k em ia
Streptococcus spp. (G roup A) A granu locytosis
Clostridium difficile M edullary aplasia
Pleisomonas shigeỉỉoides A m yloiclosis
Mycobacterium tuberculosis

Parasitic
Treponema pallidum
Schistosoma mansoni
Entamoeba histolytica

Viral
C ytom egalov irus
H erpes sim p lex  virus

U lcerative co litis
CrohiVs d isease
M ed ication -in d u ced

N SA ID s
G oỉd
E n em a/su p p ository  (b isa co d y l, in d om eth acin , so d iu m  p hosphate,

barium , h o t water, a ce ta m in o p h en , co d ein e , acety lsa iicy lic  acid,
hyd rogen  p eroxid e, v in egar, g lu tara ld eh yd e)

F eca l d iversion
A llergy
C ollagen  -  vascular d iseases

B e h c e ts  syndrom e
System ic ỉu p us ery th em a io su s
R heuniạtoid  arthriiis



Neisseria gonorrhoeae, a g ram -nega tive  in tra ce llu la r  
d ip lococcus, in íec ts  the rec tu m  5 to 7 days afte r it is 
tran sm itte d  by  ARI o r in o c u la tio n  by in íec ted  vag inal 
ílu id . T he p rev a len ce  o f ạn o ro rec ta l g o n o rrh e a  m ay  be 
as h igh  as 50% in  w o m en  w ith  g onococca l pelv ic in ílam - 
m ato ry  disease. H o m o sex u al m en , p a rticu la rly  those  
v isiting  sexually  tra n sm itte d  d isease c lin ics  o r h av in g  
g en ita l g o n o rrh ea , are  also  a t h ig h  risk . M ost p a tie n ts  
have m in im al sv m p to m s, a lth o u g h  som e develop  a r th r i-  
tis, tenosynov itis , an d  sk in  rashes as w ell as sy m p to m s o f 
p ro c titis . M ucosal e ry th em a, íriab ility , an d  ero s io n s  are  
typ ically  seen in  the  a n o re c tu m  o n  s igm oidoscopy . T he 
p resen ce  of a m u c o p u ru le n l d ischarge  in  the anal canal 
in  a h ig h -risk  p a tie n t is very  suggestive o f gonococcal 
p ro c titis . D iagnosis can  be o b la in ed  by p e r ío rm in g  a 
G ram  s sta in  an d  c u ltu re  o f the  low er re c tu m  by e ith e r  
sw ab o r rectal b iopsy ; rep e a t cu ltu re s  are o íte n  neces- 
sary gi ven  the d iffìcu lly  in  c u ltu r in g  gonococcus. T h e  
trea tm e n t o f  g o nococca l p ro c titis  is a sing le dose  o f  
ceftriaxone 125 m g in tra m u scu la rly  in  ad d itio n  to  trea t- 
m e n t ío r p resu m ed  c o n c o m itan t ch lam yd ia l in íe c tio n  
(see below ). A lte rna tive  reg im ens in c lu d e  the use o f 
p ro ca in e  pen ic illin  4 .8  m illio n  u n its  in tra m u sc u la rly  
in  tw o doses w ith  1 g o f p ro b en e c id  g iven  a t th e  tim e 
o f  in ịec tio n , te tracy c lin e  1.5 g o ra lly  followecl by 
500 m g  four tim es a day  for 4  clays, o r sp e c tin o m y cin  
2 g in tram u scu larly .

C hỉam ydia trachom atỉs is ch a rac te r ize d  by ly m p h o - 
g ran u lo m a v en e reu m  (LGV) an d  non-LG V  im m u n o - 
types, b o th  o f w h ich  cause p ro c titis  ap p ro x im ate ly  
10 days after in o cu la tio n . LGV stra in s  typ ically  cause 
m ore severe in ũ á m m a tio n  an d  sy m p to m s th a n  non-LG V  
stra in s. ư n tre a te d  LGV m ay  m im ic  C ro h n ’s d isease by 
causing  u lcera tio n s, S stu las, abscesses, an d  s tr ic tu re s . 
F in d in g s  o n  sigm o id o sco p y  in c lu d e  m ucosal g ran u la r-  
ity , ery them a, an d  u lce ra tio n . B iopsies m ay  sh o w  a 
d iffuse in ílam m ato ry  inB ltrate  w ith  c ryp t abscess, g ran - 
u ỉom as, and  gian t cells, s im ilar to th e  p a th o lo g y  seen  in  
CrohiVs disease. R ectal c u ltu re , e ith e r by sw ab  o r  bv 
b iopsy , m ic ro im m u n o ílu o re sce n ce  a n tib o d y  s ta in in g , 
and  co m p lem en l fixation  te s tin g  m ay be h e lp fu l b u t  
are o íte n  u n su ccessíu l in o b tạ in in g  d iag n o stic  con firm a- 
tion . A single 1 g o ra l close o f az ith ro m y c in , 7 clays o f o ra l 
doxycycline , 100 m g tw ice daily , o r  21 days o f tr im e th -  
o p rim -su lfam e th o x ax o le , d o u b le -s tre n g th  tw ice daily , 
are  all eííec tive tre a tm e n t reg im ens for ch lam y d ia  
p ro c titis . In  p a tien ts  w ith  ch lam yd ia  p ro c titis , th e  
em p iric  trea tm e n t o f gonococcaỉ p ro c titis  even  b e íb re  
a co n íìrm a to ry  d iagnosis is m ade is reco m m en d ed .

H erpes s im p lex  v iru s  2 is the m ost co m m o n  an a l 
h e rp e tic  in íection . A fter an  in c u b a tio n  p e rio d  o f ap p ro x - 
im ate ly  3 w eeks, h e rp es  p ro c titis  typ ica lly  lasts ío r 
7 — 10 days. P eriana l vesicles and  u lc e ra tio n s  o n

ex te rn a l ex a m in a tio n  in  a p a tie n t vvith p ro c ti tis  
sy m p to m s are h igh ly  suggestive of h e rp e s  in fec tio n . Se- 
vere h e rp e s  p ro c titis  o ften  causes in tra c ta b le  p a in  on 
d e íec a tio n  an d  anal m a n íp u la tio n , te n esm u s , p ru r it is ,  
an d  a m u c o p u ru le n t d ischarge . M ucosal friab ility , u lc e r-  
a tions, vesicles, an d  p u s tu le s  are  u su a lly  lim ite d  to  the  
d is ta l 10 cm  of rec tum . S igm oidoscopy , h o w ev e r, can  
ra re ly  be p e río rm e d  w ith o u t s ig n iíican t a n e s th e s ia  be- 
cause  o f severe d isco m ío rt. D iagnosis is m ad e  from  viral 
cu ltu re  o f an o rec ta l u lc e r  sc rap in g s o r  b iopsies. G iem sa 
s ta in in g  o f  m ateria l sc ra p ed  írom  th e  base o i u lc e rs  o r 
vesicles reveals the  ch a rac te r is tic  m u ltin u c le a te d  g ian t 
cells w ith  in tra n u c le a r  in c lu s io n  bodies. T re a tm e n t con - 
sis ts  o f 10 days of o ra l acyclov ir, 400  m g  five tim es daily , 
o r  in  cases o f  resis tance , foscarnet. M a in te n a n c e  the- 
rapy  w ith  o ral acyclov ir m ay su p p re ss  íu r th e r  h e rp e s  
ou tb reak s.

A n o rec ta l syph ilis  in íe c tio n  w ith  Treponem a  
palỉidum  is co m m o n ly  m isd iag n o sed  as id io p a th ic  
anal u lc e rs  o r n o n sp eciíìc  p ro c titis . In íe c tio n  o cc u rs  
2 to 8 w eeks afte r se x u a l tran sm iss io n . A n o rec ta l 
syp h ilis  is ch a rac te rize d  by a varie ty  o f e n d o sc o p ic  ap- 
p ea ran ces  in c lu d in g  anal u lc e ra tio n , rec ta l u lc e ra tio n , 
g ra n u lo m a to u s  p ro c litis , an d  tu m o r- lik e  lesions. A com - 
b in a tio n  o f  sero log ic te sting , d a rk -fie ld  e x a m in a tio n , 
an d  im m u n o flu o rescen ce  s ta in in g  u su a lly  leads to  a di- 
agnosis. B enzath ine  p en ic illin  G, 2 .4  m illio n  u n its  in - 
tram u scu la rly , given in itia lly  an d  7 d ay s la te r, is the 
d ru g  o f cho ice  for a n o re c ta l syph ilis . P en ic illin -a lle rg ic  
p a tien ts  sh o u ld  be g iven  e ith e r  te tracy c iin e , 500  m g 
o rally  fo u r  tim es daily  for 15 days, o r e ry th ro m y c in , 
500  m g orally  four tim es da ily  ío r  15 days. P a tien ts  
w ith  s ig n iíìcan t p en ic illin  a llerg ies ty p ica lly  re q u ire  de- 
se n s itiz a tio n  to  p en ic illin .

A n u m b e r  of o th e r  bac te ria l, p a ra s itic , a n d  viral eti- 
o log ies can cause p ro c titis , a l th o u g h  they  ty p ica lly  cause 
a m o re  p ro x im a l colitis . In h o m o se x u a l m en , 
p a rticu la rly  those  w ith  HIV in íe c tio n , p ro c to c o litis  is 
o ften  cau sed  by Campyỉobacter sp p ., Shigeỉla  spp ., 
n o n -ty p h i Saỉm oneila , Entamoeba h isto ly tica , and  cyto- 
m eg alo v iru s  (CM V). CM V m ay also  cause  p ro c titis  in 
rec ip ien ts  o f bone m a rro w  tra n sp la n ta tio n  o r  chem o- 
the rapy . In  T h ird  W o rld  co u n trie s , tu b e rc u lo s is  is an  
often  u n rec o g n ize d  cause  o f an o re c ta l ab scess  and  
íis iu la  and  m ay o cc u r in  th e  absence  o f p u lm o n a ry  
iníection. Cases of proctitis caused by Pleisomonas 
shigelloides , g ro u p  A Streptococcus, an d  Schísíơsom a 
mansoni have been  reporLeci in the lite ra tu re , m a in ly  in 
h o m o se x u a l m en.

Ulcerative Proctitis

U lcerative  p ro c titis , a ch ro n ic  in íla in m a to ry  p rocess 
lim ite d  to  the rec tu m , affects ap p ro x im a te ly  o n e - th ird  to



o n e -h a lf  o f p a tie n ts  d ia g n o sed  w ith  u lcera tiv e  colitis. 
A ỉth o u g h  p a tie n ts  w ith  u lcerative  p ro c titis  g en e ra lly  
follow  a m o re  b en ig n  cou rse  w ith  few er sy m p to m s 
th an  th o se  vvith u lc e ra tiv e  colitis, 3 0 - 5 0 %  o f th em  
will dev e lo p  m o re  p ro x im a l d isease d ista l to the sp len ic  
ílex u re  w ith in  10 years. T he 10-year su rv ival ra te  for 
u lcera tive  p ro c titis  is h ig h , a lm o st 98%  in one series. 
A n n u a l in c id en c e  ra te s  o f u lcera tive  p ro c d tis  sh o w  th a t 
m ales are  m o re  like ly  to deve lop  the  d isease a n d  the 
discase is m o re  c o m m o n  in  u rb an  th a n  ru ra l areas. 
T he p a th o p h y sio lo g y  is sim ila r to th a t o f  u lce ra tiv e  co- 
litis. P a tien ts  p re se n t w ith  typical p ro c titis  sy m p to m s 
su ch  as rec ta l b le ed in g , p a in , an d  tenesm us. E n d o sco p ic  
íìn d in g s  in  the  re c tu m  in c lu d e  loss o f v ascu la r p a tte rn , 
e ry th em a, g ra n u la rity , an d  íriab ility  o f  the  m ucosa. 
C ry p t abscess ío rm a tio n , cry p t a rc h ite c tu ra l d is to r- 
tio n , an d  a p o ly m o rp h o n u c le a r  cell in íìltra te  in  the 
lam in a  p ro p ria  are  the  m o st co m m o n  h is lo p a th o lo g ic  
íìnd ings.

E x ce llen t tre a tm e n ts  ex ist once the  d ia g n o sỉs  of 
u lce ra tiv e  p ro c ti t is  is m ade. T he in itia l goal of 
th e ra p y  is to in d u c e  rem ission . M esalam ine su p p o sito -  
ries an d  en e m a s ha ve b een  sh o w n  to be su p e rio r  to 
o ra l m esa lam in e  a n d  s te ro id -b ased  top ical trea tm e n ts  
in in d u c in g  re m iss io n  a íte r  2 —4 w eeks o f the rapy . 
O p tim a ỉ doses  for in d u c in g  rem issio n  range from
0.5  to 1.5 g o f  to p ica l m esa lam in e  p e r  day . O nce 
c lin ica l rem issio n  is o b ta in cd , the  tre a tm e n ts  are  fo- 
cused  011 the  m a in te n a n c e  o f  rem ission . M esalam ine 
su p p o s ito rie s  an d  o ral 5 -am inosalicy lic  acid  (5-ASA) 
m a in ta in  1 y ea r rem iss io n  a t s im ila r ra tes, b e tw een  
6 0  a n d  90% .

Crohn’s Proctitis

C ro h n  s p ro e ti t is  w iih o u t co litis  o r  p e ria n a l d isease 
is ex tre m e ly  ra re . 5-ASA su p p o sito rie s  o r  enem as, effec- 
tive in u lce ra tiv e  p ro c titis , have no t b een  w ell s tu d ie d  in  
CrohrVs p ro c ti t is  b u t are o ften  g iven  du e  to lack  o f al- 
te rn a tiv e  th e rap ies .

M edications

M any p h arm a co lo g ica l agen ts can  cause co litis , b u t 
o n ly  a few m ay affect the  rec tu m  w ith o u t o th e r  gastro - 
in te s tin a l in v o lv e m e n t (T able I). N o n ste ro id a l an ti- 
in íla m m a to ry  d ru g s  (NSA IDs) are  like ly  th e  m o st 
c o m m o n  cause  o f  d ru g -in d u c e d  p ro c titis , p a rũ c u la r ly  
if  g iven  in  an  en e m a  form . O th e r en em as an d  su p p o s-  
ito ries  can  cau se  re c ta l in ílam m atio n  fro m  e ith e r  local 
m u co sa l in ju ry  o r  p re ssu re - in d u c e d  in ju ry . T re a tm en ts  
w ith  go ld  for rh e u m a to id  a r th r it is  ra re ly  lead  to en te ro - 
co litis  a n d /o r  u lc e ra tiv e  p ro c tilis . D isc o n tin u a tio n  o f the

o ffen d in g  ag en t is thc  m ost im p o rta n t in te rv e n tio n  íor 
these  co n d itio n s .

Diversion Proctitis

D iversion  co litis  o r  p ro c titis  is ch a rac te r ize d  by in- 
{ lam m ation  an d  friab ility  o f the co lo n ic  m ucosa  after 
ex c lu s ỉo n  o f a d ista l se g m en t o f co lo n  from  the  íeca l 
stream . As early  as 1 m o n th  afte r su rg ery , a lm o st all 
ex c lu d e d  seg m en ts  w ill have som e dcg ree  o f en d o sco p ic  
o r  h is to lo g ic  ab n o rm a lity . H isto p a th o lo g ic  changes, in- 
c lu d in g  m u c o sa l íissu res, g ran u lo m as, cry p t abscesses, 
a rc h ite c tu ra l d is to rtio n , an d  tra n sm u ra l in ílam m atio n , 
can  m im ic  changes seen  in  p a tien ts  w ith  in ílam m ato ry  
bow el d isease . L ym pho id  ío llicu la r  hy p erp lasia , how - 
ever, m ay be a d is tin c tiv e  ĩea tu re  o f  d iv e rs io n  co litis . 
T he d iagnosis  is o ften  co n íìrm ed  w h en  m u co sa l changes 
reso lve after re s io ra tio n  o f the fecal stream , a l th o u g h  
m u co sa l a b n o rm a litie s  p e rs is t in  ap p ro x im a te ly  50%  of 
cases. S h o rt-ch a in  ía tty  ac ids, im p o rta n t n u tr itio n a l sub - 
s tra te s  for the  co lo n ic  ep ith e liu m , are  effective in  the  
tre a tm e n t o f  d iv e rs io n  p ro c titis  w h en  given locally  as 
enem as.

Allergic Proctitis

A llergic p ro c titis  is typ ically  seen  in in ía n ts  w h o  are 
sen sitiv e  to  cow ’s m ilk  p ro te in  o r  soy p ro te in . S igns a n d  
sy m p to m s vary  from  th e  p resen ce  o f  o ccu lt gas tro in tes - 
tina l b lo o d  loss to íra n k  h em ato c h ez ia  an d  d ia rrh ea . 
O th e r  foods, su c h  as egg w h ite , p ea n u ts , n u ts , o r fish, 
have also  b ee n  im p lica te d  in p a tien ts  w ith  a llerg ic  gas- 
tro e n te ro p a th y  a n d  u n c o m m o n ly  in  p a tie n ts  w ith  aller- 
gic p ro c titis . E n d o sco p ic  find ings o f alỉerg ic p ro c tiú s  are 
n o n sp ec iíìc , b u t  rec ta l b io p sy  ch a rac teris tica lly  reveals 
eo s in o p h ilic  in f iltra tio n  w ith in  th e  la m in a  p ro p ria  a n d  
in tra ep ith e lia l e o s in o p h ils  in  su ríace  an d  cryp t ep ith e- 
lium . T re a tm en t p rim a rily  involves e lim in a tio n  o ĩ  the  
p o te n tia l a lle rgen  an d  occasionally  req u ires  the  use of 
co rtico ste ro id s .

Collagen Vascular Disease

A n u m b e r o f  rh eu m a to lo g ic  d iseases can  affect the 
g as tro in te s tin a l trac t by  a u to im m u n e  m ech an ism s, 
system ic in flam m atio n , o r  vascu litis. P ro c titis  from  
these  d iseases is rare . B eh ọ e ts  d isease an d  system ic 
lu p u s  e ry th e m a to su s  have b ee n  re p o r te d  as cau sin g  
p ro c titis . R ectal b io p sies  in  p a tien ts  w ith  rh e u m a to id  
a r th r itis  m ay  reveal ev idence  o f  c h ro n ic  in ílam m atio n  
a n d  vascu litis. It is a generally  accep ted  p rin c ip le  th a t 
an ti- in íla m m a to ry  a n d  im m u n e  th e ra p y  d irec ted  a t the  
system ic d isease w ill im p ro v e  ac co m p an y in g  gas tro in - 
te s tin a l m a n iíe s ta tio n s .



ETIOLOGIES OF PROCTOPATHY  

Radiation Proctopathy

R ad ia tion  p ro c to p a th y  co m m o n ly  occu rs after rad i- 
a tio n  th e rap y  for th e  trea tm e n t of pelv ic m alignancies. 
P rosta te , cerv ical, u te r in e , b la d d e r, te s ticu lar, a n d  rec ta l 
cancers are am ong  th e  m o st co m m o n  m alignancies trea- 
ted w ith  rad ia tio n . A la rge d isc rep an cy  ex ists  in  the 
lite ra tu re  reg a rd in g  the  p rev a lcn cc  o f rad ia tio n  p ro c to - 
p a th y  in  p a tien ts  rece iv ing  pelv ic  rađ ia tio n , w ith  ranges 
be tw een  5 an d  80%. A dose o f 6 5 —70 Gy o f ex terna l 
beam  rad ia tio n  is typ ically  req u ire d  to cause rad ia tio n  
p ro c to p a th y . A cu te rad ia tio n  p ro c to p a th y  o cc u rs  in  ap- 
p ro x im a te ly  o n e - th ird  o f p a tie n ts  an d  is ch a rac te rized  
by d ia rrh ea , u rg en cy , a n d  ten esm u s, u su a lly  w ith o u t 
h em atochez ia . C h ro n ic  rad ia tio n  p ro c to p a th y  occur- 
ring  6 —12 m o n th s  afte r ra d ia tio n  th e rap y  is o ften  char- 
ac te rized  by rec tal b le ed in g  du e  to ru p tu re  of 
te leng iec tasias o r  o o z ing  from  ỉriab le, ischem ic m ưcosa. 
F u n c tio n a l sym p to m s, su c h  as d ifíìcu lty  w ith  evacuat- 
ion, íecal u rg en cy  and  in c o n tin e n ce , sm all-vo lum e 
d ia rrh ea , an d  rec ta l p a in , are  n o t u n co m m o n  an d  can 
lead to  s ig n iíìcan t m o rb id ity .

Because o f the  lack  o f ra n d o m iz e d  co n tro lled  clin ical 
tria ĩs, effective tre a tm e n ts  for ra d ia ũ o n  p ro c io p a th y  are 
often  g iven  em p irica lly  w ith o u t s ign iíican t su p p o rtiv e  
evidence. G enera lly , b le ed in g  is bes t trea ted  end o sco p - 
ically , b u t it m ay re sp o n d  to  v a rio u s  p h arm aco th e rap ie s . 
N o n co n ta c t m e th o d s  o f en d o sco p ic  th e rap y , su c h  as 
laser an d  a rg o n  p la sm a  co ag u la tio n , are typ ically  
m orc effective th a n  c o n tac t m e th o d s , su ch  as h ea te r 
p robe  an d  b ip o la r  e lec tro c au te ry , in  the o b lite ra tio n  
of b leed in g  te leng iec tasias. S ucralíate , in  o ra l and  
enem a form , an d  to p ica l 4% ío rm a lin  ap p lied  en d o sco p - 
ically ap p ear to be m ore effective th an  am inosa licy la te  
or co rtico s te ro id  en em as in  trea tin g  h em o rrh ag ic  rad i- 
a tio n  p ro c titis , a lth o u g h  n o  d ire c t co m p ariso n s  have 
been  p e ríb rm e d  in  c lin ical tria ls. Less w ell-s tud ied  
trea tm e n ts  in c lu d e  sh o r t-c h a in  fatty  acid  enem as, 
m iso p ro s to l enem as, h y p e rb a ric  oxvgen th e rap y , vita- 
m ins c  an d  E, o ra l e s tro g e n /p ro g este ro n e , an d  oral 
so d iu m  p e n to sa n  po lysu lía te . V itam in  A w as recen tly  
found  to be h ig h ly  effective in  on e  p a tien t w h o  devel- 
oped  a sy m p to m atic  ra d ia tio n - in d u c e d  ana l u lcer. 
Ư n ío rtu n a te ly , b ecause  íu n c tio n a l rad ia tio n  p ro c to - 
pa thy  is poo rly  s tu d ie d , it is u n c lea r  vvhether o r no t 
any o f the  tre a tm e n ts  m e n tio n e d  are  effective.

Ischemic Proctopathy

Because o f  the  ex tensive  netvvork o f vascu lar co llat- 
era ls  su p p ly in g  th e  re c tu m , ischem ic p ro c to p a th y  is 
rare. lsch em ic  p ro c to p a th y  u sually  resu lts  from  a

su d d e n , m a jo r in te r ru p tio n  in  b lood  flow , su c h  as 
th a t o cc u rrin g  afte r ao rto iliac  surgery. H ow ever, sev ere  
a th e ro m ato u s  d isease co m b in ed  w ith  system ic h y p o te n - 
s io n  m ay also co m p ro m ise  the  othervvise a b u n d a n t 
b lo o d  supp ly  to the rec tu m . D iarrhea , ab d o m in a l 
pain , and u n e x p la in e d  sepsis  in  the fìrst few days 
after an  ao rtic  o p e ra tio n  a re  w arn in g  s igns o f  in te s tin a l 
ischem ia. A s ig m o id o sco p y  w ith  b iopsy  c o n íìrm s  isch e- 
m ic changes in  th e  rec tu m , su c h  as m ucosa l u lc e ra tio n s  
an d  cap illarỵ  d ila tio n  in  overly ing  g ra n u la tio n  tissue. 
M ild  cases m ay be Lreated conservatively  a n d  are  like ly  
to reso lve w ith  h em o d y n am ic  su p p o rt. T he tre a tm e n t of 
in trac tab le  rec tal b leed in g  d u e  to ischem ic p ro c to p a th y  
usually  req u ire s  su rg ica l d ive rs ion , a lth o u g h  e n d o  
scop ic  co ag u la tio n  an d  local trea tm en is  su c h  as form a- 
lin  in stilla tio n  have b ee n  rep o rted .

Traumatic Proctopathy

P aiien ts p a rtic ip a tin g  in  ARI or, m orc  co m m o n ly , in  
sexual p rac tice s  invo lv ing  ihe in se rtio n  o í íb re ign  
bod ies o r  v a rio u s  b o d y  p arts  (fists, ío rea rm s, e tc .) 
in to  th e  an o re c tu m  m ay dev e lo p  trau m atic  p ro c to p a th y . 
T h is eùo logy  like ly  re p re se n ts  a p a th o p h y sio lo g ic  spec- 
tru m  of rectal in ju ry , from  b cn ign  m ucosal te a rin g  to  
severe ischem ia a n d /o r  p e río ra tio n . If the sexual p rac - 
tice is found  to  be the cause of p ro c to p a th y , the  physi- 
cian  m ust w arn  the p a tie n t a b o u t the  risk  o f ío re ign  body  
im p ac tio n  an d /o r  p e río ra tio n  an d  reco rn m en d  th a t 
the b eh av io r be d isc o n tin ư e d . lf  a n  ob jec t is im p ac ted  
in  th e  rec tu m  a n d  c a n n o t be re trieved  a t the bedside , 
it is rem oved  in  th e  o p e ra tin g  ro o m  u n d e r  genera l 
anesthesia .

Solitary Rectal u lcer Syndrome

T his p o o rly  u n d e rs to o d  c o n d itio n  is  seen  in  p a tien ts  
w ith  c h ro n ic  s tra in in g , rectal p ro lapse , a n d  n o n re lax a- 
tio n  o f  pelv ic m u sc u la tu re  w ith  d e íeca tio n . It is charac- 
te rized  by the  p rese n ce  o f  a large u lcer o r  m u ltip le  u lcers 
4 to 15 cm  from  the anal verge. S olitary  rec ta l u lcer 
sy n d ro m e m ay be m is tak en  for in llam m ato ry  bow el dis- 
ease by in e x p e rien c ed  c lin ic ians. H isto log ic íea tu res  in - 
c lude B brom uscu la r p ro liíe ra tio n  in  the  lam in a  p ro p ria  
an d  g lan d u la r c ry p t d is to rtio n . T re a tm e n t vvith fiber, 
s too l so íten e rs , an d  b io íeed b ack  is g en e ra lly  p re íe rab le  
to su rg ica l m an ag em en t.

Hematologic Diseases

G asiro in tes tin a l in v o lv em en t m ay o c c u r  in a varie ty  
of hem ato lo g ic  d iseases. T he an o re c tu m  alone is rarely 
involved. In a se ries o f 514 p a tien ts  h o sp ita lized  
for n iisce llaneous h em ato lo g ic  d iscases, anal lesions, 
su c h  as in filtra tio n  an d  u lce ra tio n , vvere seen  m ost



co m m o n ly  in  p a tie n ts  w ith  ag ranu locy tosis , m edu lla ry  
aplasia, o r  a c u te  m ye lo id  leukem ia . T re a tm en t in c lu d ed  
ch e m o th e ra p y  o r  su rg ica l d ra in ag e  w h en  an  abscess 
w as p resen t. A n o rec ta l in filtra tio n  w ith  lym p h o m a is 
u n co m m o n  b u t  is an  A ID S-defìn ing illness in  p a tien ts  
w ith  HIV in ỉe c tio n .

Am yloidosis

A m ylo id  p ro te in  o ften  in íìltra te s  the  rec tu m  an d  can  
be  d e tec ted  o n  su b m u c o sa l rec ta l b iopsies p e río rm e d  to 
d iagnose  sy s tem ic  am ylo idosis. A lthough  gas tro in tes ti- 
na l am y lo id o sis  can  cause ch ro n ic  co n s tip a tio n , d iar- 
rhea , a n d  m a la b so rp tio n , rec tal am ylo id  in íìltra lio n  
rare ly  lead s  to  c lin ica l m an iíe s ta tio n s  associa ted  w ith  
p ro c to p a th y .
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Protein-Calorie Deíìciency—“Kwashiorkor”
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cachexia Severe wasting associated with a lovv serum 
aỊbưmin; due to excess cytokine prodnction. 

kwashiorkor Selective protein-calorie mainutrition with 
eđema and a Íatty liver. 

marasiĩius Generalized starvation with loss of body íat and 
protein.

protein-calorie detìciency Occurs either because of deíìcient 
protein intake (undem utrition) or because of a relative 
excess of calorie intake (overnutrition). 

sarcopenia Loss of lean body mass associated with the aging 
process.

undem utrition  Deíìned by one or more of the following 
conditions: (á) unintentional loss of >  10% of usual body 
weight in the preceding 3 m onths, (b) body weight 
<  90% of ideal for heighi, or (c) body mass index <  18.5. 
Body weight <90%  of ideal bocly weighl for height 
represents a risk of malnutrition, <85%  of ideal body 
weight represents malnutrition, <70%  of ideal bocỉy 
weight constituies severe malnutrition, and <60%  of 
ideal bocly weight is not compatible with life.

K w ashiorkor and  m arasm us are usually  regarded  as the 
exlrem es o f a con tinuum  encom passing  pro tein-calorie  
m alnu trition . Severe protein-energy m a ln u tritio n  is a 
lead ing  cause of dea th  in  ch ild ren  younger than 5 years 
of age. Ten to 20%  o f ch ild ren  die w hen  adm itted  to the 
ho sp ita l w ith  the d iagnosis of kw ash io rkor, the h ighest 
m orta lity  o f any ped ia tric  disease. P rotein-calorie m alnu- 
tr itio n  occurs in  in ỉan ts  and  ch ild ren  in  the developing 
nations, bu t it is  also repo rted  in  o ld e r ad u lts  and can 
occur in  any coun try  o f the w orld. The prevalence o f 
m aln u tritio n  varies in o lder people; it occurs in  1 — 15% 
o f am bulato ry  ou tp a tien ts , 2 5 —65%  o f long-term  care res- 
iden ts, and  3 5 —65%  of hosp ita lized  patien ts. M alnutri- 
tiơn  has been associated  w ith  increased  m orta lity , 
m orb id ity , and  pro longation  of hosp italization . It also 
resu lts  in loss o f íunc tion  and adversely affects the quality  
of life.

IN T R O D U C TIO N

D r. C ecily  W illiam  Rrst d escrib ed  k w ash io rk o r in 
1935 in  the na tives o f the K ro b o —G a — 
A dangbe m egatribe  ớf S o u th  E aste rn  G hana. T he 
w o rd  “k w a sh io rk ồ r” (th e  p ro n u n c ia tiơ n  in  K robo is 
kxvạsỉorkor, the re being  no  “sh ” in  th e  a lp h ab e t)

p rim a rily  tran sla te s  to “th e  d isease  su ffe red  b y  ihe 
ch ild  d isp laced  from  th e  b rea s t,” T he w ea n ed  ch ild  
is fed a th in  g ru e l o f p o o r n u tr it io n a l q u a lity  o r 
d ilu te d  baby  ío rm u la  (co m p a re d  w ith  m o th e r s  m ilk )  
an d  fails to  th rive . A ch ild  w ith  k w a sh io rk o r  te n d s  to 
be olcler th an  o n e  w ith  m a ra sm u s  a n d  te n d s  to  de- 
velop  th e  d isease afte r w ean ing . T h e  m arasm ic  ch il- 
d re n  are associa ted  w ith  early  ab an cỉo n m en t o r íầ ilu re  
of b reas t-feed in g  an d  w ith  c o n se q u e n l in íe c tio n s  su c h  
as g as tro e n te ritis . Such in fec tio n s  re su lt from  th e  im - 
p ro p e r  hyg iene an d  in a d eq u a te  k n o w led g e  o í  re a rin g  
th a t are o ften  seen  in  s lu m s in  d e v e lo p in g  n a tio n s.

It is sa id  th a t c h ild h o o d  u n d e rn u tr i t io n  in  th e  de- 
ve lo p in g  w o rld  rep rese n ts  the final c o m m o n  p a th w ay  
for the ex p re ss io n  o f illite racy , in a d e q u a le  sa n ita tio n , 
in su ffic ien t access to  m ed ica l ca re , p o v erty , p o o r p er- 
so n a l hyg iene, o v erc ro w d in g , p o o r  c ro p  m an ag em en t, 
d ro u g h ts , a n d  insu ffic ien t o r in a p p ro p r ia te  use  o f the 
ava ilab le resou rces. T hese  íac to rs ac t at n a tio n a l, re- 
g ional, an d  village levels as w ell as a t in d iv id u a l fam iìy 
levels. K w ash io rk o r has been  se en  even  in  d ev e lo p ed  
n a tio n s  an d  u su a lly  re su lts  from  p o v erty , p o o r  n u tr i-  
tio n a l in ío rm a tio n  ( re s tr ic tin g  m ilk  o r  fo rm u la  s im p lv  
b ecause o f p a re n t o r  ch ild  p re íc re n ce , excessive  d ilu - 
tio n  o f m iỉk , su b s titu tin g  fo rm u la  w ith  n o n d a iry  
c ream er, p ro lo n g in g  a liq u id  d ie t a fte r h o sp ita ỉiz a tio n  
ío r g as tro e n te ritis , o r e lim in a ù n g  m ilk  íro m  th e  c h ild ’s 
d ie t) , p re su m e d  food  a llergy  w ith  av o id an c e  o f ce rta in  
ĩoods, ụ se  o f d ie ts  d e fic ien t in  p ro te in s , p u re  vege ta rian  
d ie ts , a n d , m ost im portan tly*  p o o r  íe cd in g  skills. 
C h ro n ic  m a lab so rp tio n , re su ltin g  from  co n d itio n s  
su c h  as cystic fibrosis, is th e  m a in  cause  o f p ro té in - 
ca lo rie  defic iency  in  c h ild ren  in  th e  U n ite d  S tates. In 
dev e lo p ed  c o u n trie s , m o s t p ro te in -c a lo r ie  m a ln u tr it io n  
is seen  in  o ld e r p e rso n s  w ith  ca n ce r a n d  in  p a tie n ts  w ith  
HIV in ĩec tio n .

CLASSIFICATIO N

C lin ically , p ro te in -c á lo rie  m a ln u tr it io n  has th ree  
form s:

1. M arasm us (clry) is th e  m o st com  m o n  form  of 
p ro te in -e n e rg y  n ia ln u tr itio n  in  m o st đ ev e lo p in g



nations. Ít re su lts  from  n ear s ta rv a tio n  w ith  deíì- 
c iency  o f  p ro te in  a n d  n o n p ro te in  n u tr ie n ts . T he 
m arasm ic  ch ild  c o n su m es  less th a n  ad eq u a te  
a m o u n ts  o f  food , o f ten  b ecau se  the  m o th e r  is u n ab le  
to b reast-feed , re su ltin g  in  loss o f ía t, loss of m usc le  
m ass, a n d  th in  ap p earan ce .

2. K w ash io rk o r (w e t) is less c o m m o n  an d  is u sua lly  
m a n iíe s ted  as m a ra sm ic  k w ash io rk o r. It is associa ted  
w ith  a low  se ru m  a lb u m in  an d  edem a.

3. T he c o m b in e d  fo rm  is m arasm ic  k w ash io rk o r. C hil- 
d ren  vvith th is  fo rm  have som e ed em a an d  m ore fat 
co m p ared  to th o se  v /iih  m arasm us.

PATHOPHYSIOLOGY

W e ig h t loss o c c u rs  w h e n  th e re  is in su ffic ien t in ta k e  o r 
ab so rp tio n  o f  d ie ta ry  ca lo ries  ancl/or in c re ase d  expen - 
d itu re  of en e rg y  co m p a re d  w ith  d a ily  req u irem en is , 
an d /o r  in c reased  ca ta b o lism , lead ing  to loss o f body  
fat an d  p ro te in . T he h e a lth y  h u m a n  body  is co m p o sed  
o f fat-free m ass (F F M ) a n d  bodv  cell m ass (BCM ). The 
FFM  is c o m p o se d  o f e x tra ce lỉu la r  an d  in tra ce llu la r  
w ate r, the  b o n y  sk e le to n , a n d  visceral p ro te in , vvhereas 
th e  BCM is c o m p o se d  o f in tra c e llu la r  w ater, body  fat, 
an d  energy  rese rv es  in  th e  fo rm  o f in tra c e lìu la r  g lycogen  
an d  p ro te in s . T he h u m a n  body  s to res  b e iw e en  15 an d  
25%  o f its en c rg y  as fat, vvhich is g rea te r in  w o m en  than  
in  m en  an d  is ava ilab le  for the p ro d u c tio n  o f endoge- 
n o u s  fatty  ac id s  d u r in g  s ta rv a tio n . T he expe.ndit.ure of 
b o d y  s to re s  o f  en e rg y  is d iffe ren t in  s ta rv a tio n  an d  stress. 
In  s ta rv a tio n , th e re  is a d ecreasc  in  the  size o f  all bocly 
c o m p a rtm e n ts , w h e rea s  stress red u c es  th e  BCM , in- 
creases in tra c e llu la r  w a te r, an d  has v ariab le  effects on  
b o d y  fat. W e ig h t loss is  s lo w ed  hy re d u c in g  th e  m eta- 
b o lic  ra te  o f th e  ac tiv e  tissues , largely the  re su lt of loss o f 
som e o f  th e  b o d y ’s p ro te in . S uch  a p ro te in -d c p le te d  
bo d y  re q u ire s  less d ie ta ry  p ro te in  fo r m a in ie n an c e . 
M uscle p ro tẹ in s  a re  resp ơ n sib le  for m osi o f th e  p ro te in  
losses, c o m p ared  to  C en tra l lean  tissues (liver, g as tro in - 
testinal trac t, k id n e y , b lood  cells, an d  im m u n e  cells), 
w h ic h  are re la tiv e ly  sp a re d . M ost o f the  p hysio log ic  
íu n c tio n s  a n d  h o m e o s ta s is  arc m a in ta in ed , so long  as 
th e  s ta rv a tio n  energy  ra tio n  is n o t too  low , a llo w in g  for 
n o rm a l a d a p ta tio n . T h e  c lin ica l co n se q u e n c e s  o f th is 
a d a p ta tio n  a re  re d u c e d  m u sc le  m ass (ca rd iac , resp ira - 
to ry ), m u sc le  w ea k n ess  an d  fu n c tio n a l d isab ility , 
red u c ed  c a rd iac  a n d  re sp ira to ry  capac ity , m ild  h y p o  
th e rm ia , an e m ia , an d  re d u c e d  p ro te in  reserve.

P a tien ts  w ith  severe  tissue  in ju ry  co m m o n lv  deve lop  
system ic in íla m m a to ry  resp o n se  sy n d ro m e  (SIRS), a hy- 
p e rm e tab o lic  resp o n se . SIRS is d e fin ed  as the  p rese n ce  
o f  tw o o r  m o re  o f  th e  fo llow ing  sym p to m s: íever (o r

p ro ío u n d  h y p o th e rm ia ) , tach y card ia , tachypnea , and 
lerukocytosis. O th e r  íea tu res  in c lu d e  changes in  acu te- 
ph ase  se ru m  p ro te in  co n c e n tra tio n , in c reased  energy  
ex p e n d itu re , in c reased  w h o le-b o d y  p ro te in  tu rn o v e r, 
an o rex ia , an d  p ro te in  \vasting. S im ilarly , cachex ia , or 
c y to k in e -in d u c ed  m a ln u tr itio n , is seen  in p a tien ts  w ith  
in flam m ato ry  d iseases o r  m a lig n an cy  associa ted  w ith  
continuecl w e ig h t loss. C lassic fea tu res in c lu d e  changes 
in  acu te -p h ase  se ru m  p ro te in s , (e.g ., in c reased  C -reac- 
tive p ro te in , íìb rin o g en , an d  ĩe rr itin , an d  decreased  
tran sfe rr in , p re a lb u m in , a n d  a lb u m in ), the  an em ia  of 
ch ro n ic  in ílam m atioR , an o re x ia , an d  the  p artia l nu lliíì-  
c a tio n  o f a p rev io u sly  successíu l a d a p ta tio n  to starva- 
tion . P ro te in -ca lo rie  m a ln u trù io n  is increasing ly  
reco g n ized  as c o n tr ib u tin g  to  the p ro te in  vvasting asso- 
c ia te d  w ith  o rg an  Éailure in  c o n d itio n s  su c h  as ch ro n ic  
ren a l ía ilu re  an d  en d -stag e  h ea rt d isease. P ro te in  ca tab- 
o lism  is resp o n sib le  for SIRS, w h ereas d ecreased  food  is 
th e  m ạ jo r  reaso n  for lean  tissue loss in  the  cachectic  
sy n d ro m es.

ETIOLOGY OF 
PROTEIN-CALORIE DEFICIENCY

In itia lly , it w as th o u g h t th a t k w ash io rk o r w as du e  to 
p ro te in  de íìc iency  in th e  absencé o f ad e q u a te  energy  
in tak e . H ow ever, a n u m b e r o f inv estig a to rs  rep o rted  
110 d iffe rences in  the n u tr itio n a l b a c k g ro u n d s  of peop le  
w ith  k w ash io rk o r an d  those  w ith  m arasm us. T h is 
re su lte d  in  a lte rn a tiv e  th e o ries  ex p la in in g  the  p a th o - 
genesis  o f  k w a sh io rk o r , su c h  as th e  c o n c ep t o f failed 
ad a p ta tio n , w h ich  p o sits  ih a t som e ch ild re n  a d a p t ap- 
p ro p ria te ly  (m arasm u s) lo p ro te in -c a lo rie  defic iency  
w h ereas o th e rs  do  n o t (k w a sh io rk o r) . In  ad d itio n , 
som e to x in s 01' n u tr it io n a l íac to rs  have been  p ro p o sed  
as e tio log ic  íac to rs , in c lu d in g  free rad ica ls , aA atoxins, 
le u k o tr ien e s , e ssen tia l fatty ac ids, a n d  z inc  deficiency. 
M ild  c h ro n ic  in íe c tio n  is com  m on  in  c h ild ren  vvith 
k w a sh io rk o r  a n d  th u s  th e  cy to k in e  excess m ay resu lt 
in  ex trav asa tio n s o f a lb u m in  from  th e  in trav ascu la r 
space, p ro d u c in g  h y p o a lb u m in e m ia  an d  edem a.

D ev e lo p m en t o f m a ln u tr itio n  is a t tr ib u te d  to a n u m - 
b e r  o f r isk  factors, in c lu d in g  social an d  p sycho log ical 
s ta tu s , d iseascs p ro d u c in g  an o rex ia  o r  m a lab so rp tio n , 
a n d  d iseases p ro d u c in g  h y p erm e tab o lism . T hese risk 
fac to rs can  easily  be rem e m b ere d  by u sin g  the 
m n e m o n ic  “M eals o n  w h ee ls” (T able I). P oor, o lder 
ad u lts  are especia lly  at in c reased  risk  o f m a ln u tr itio n  
if they  live in  n e ig h b o rh o o d s  w ith  h ig h  crim e rates. Such 
o ld e r  ad u lts , ĩe arin g  for th e ir  sa íety , rem a in  hom e- 
b o u n d , w h ich  lim its  th e ir  ab ility  to sh o p  and  th u s 
re s tr ic ts  th e ir  ch a n ce s  o f  o p tim al n u tr itio n . O ld er ad u lts



TABLE 1 Meaỉs on  W heels A cronym : C om m on 
Risk Factors for U ndcrnu trition

Medicaúons (polypharmacy, herbal preparations)
Emotional causes (dysphoria, depression, psychosis)
Appetite disorđers (anorexia tardive, abnormal eating 

attitudes, alcholism, abuse)
Late-life paranoia 
Swallowing disorders (dysphagia)

O ral íactors (tooth loss, periodontal iníection, gingivitis, 
poorly íìtted dentures)

N o money (poverty), nosocomial iníection (tuberculosis, 
chronic intestinal parasites, Cỉostridium  d ijfic ile)

W andering (dementia)
Hyperactivily/hypermetabolism (trcmors, movemetu disorders, 

thyrotox icosis, A dd ison ’s  clisease, p h cochroraocytom a) 
Enteral disorders (chronie diarrhca, malabsorpúon syndromes) 
Eating problems (aỉiered food preícrences, decreased laste 

and ílavor perception)
L ow -n u ir ien t d iets (lo w  salt, low  ch o lcstero l, antidiabetic, 

fad d iets, d ilu tion  o f  baby ĩorm ula)
Shopping and íood preparation problems (impaired 

mobility, unsaíe environment, inadcquaie 
transportation), stoncs (cholelithiasis)

are íu r th e r  at risk  if they  have ch ro n ic  m edical cond i- 
tions (e.g ., P a rk in s o n s  d isease , ch ro n ic  o b stru c tiv e  
p u lm o n a ry  d isease , h ea rl ía ilu re , d ep ressio n , gallstones, 
h y p erth y ro id ism , hyperca lcem ia , p h eo ch ro m o cv to m a, 
cancer, and  h y p o ad ren a lism ). T hese conclitions are 
com plica ted  by the an o rex ia  o f aging, w h ich  is oflen 
m u ltifac to ria l, en co m p assin g  age-re la ted  changes in ap- 
p e tite  reg u la tio n , system ic d iseases, ia trogenesis , and  
psycho log ical íactors. In y o u n g  ch ild ren , poverly  and  
ig n o ran ce  are the m a jo r  causes oí p ro te in -c a lo rie  defi- 
ciency , and  in  y o u n g  adu lts , AIDS has becom e the 
m a jo r cause o f u n d e rn u tr itio n , b u t in  o ld e r adu lts , 
dep ressio n  ap p ears  to be the m aịo r cause. In  o lder 
m en , te s to sie ro n e  defic iency  an d  lack o f physical activ- 
ity  a re  im p o rta n t causes o f loss o f lean b ody  m ass 
(sarcopen ia).

CLINICAL EVALUATION OF PATIENTS  

History

In  eva lua ting  p a tien ts , a h ỉs to rv  sh o u id  be o b ta in ed  
from  the p a ren ts , so c ia l w o rk e rs , and  careg ivers and 
m edical rec o rd s  sh o u ld  be revievveđ. Iden tiR cation  of 
r isk  íac to rs w iìl help  d irec t íu rth c r  q u es tio n in g  
co n c e rn in g  íunc tiona l an d  so c io eco n o m ic  cond itions. 
A rcview  sh o u ld  in c lu d e  q u es tio n s  abou t d ie t hab its 
an d  d ie ta ry  re s tr ic tio n s  ( in c lu d in g  those im posed  by

th e  p a tien t o r p a re n ts ) , re lig ious an d  c u l tu ra l beliefs, 
an d  use  o f specia l d ie ts  (h ea rt-h ea lth y , lo w -c h o le s te ro l, 
ren a l, d iabetic  o r low -salt d ie ts). A lco h o lism  is  n o t 
a ra re  c o n d itio n  in  o ld e r a d u lts  a n d  sh o u ld  be 
sc reen ed  for u s in g  the CAGE o r M ich igan  A lco h o lism  
S creen ing  Test (M AST) tools. A h is to ry  o f  m o u th  
p ro b lem s in  the o ld e r p o p u la tio n  sh o u ld  be  o b ta in e d , 
a n d  re íe rra l m ade to  a d en tis t, if req u ired . A rev iew  o f 
m ed ica tio n s  th a t can  cause an o re x ia  a n d  w eig h t lo ss  is 
m an d ato ry . T hese w ill in c lu d e  ca rd io v a sc u la r  d ru g s  
(e.g ., d igox in , am io d aro n e , p ro ca in am id e , q u in id in e , 
sp iro n o la c to n e ), p sy ch ia tric  d ru g s  (e .g ., p h e n o th ia -  
zines, lith iu m , se lective se ro io n in  re u p ta k e  in h ib ito rs , 
tr icyclic  an tid ep ressan ts ), an tiin fec tiv e  d ru g s , a n tin e o -  
p lastic s, an tirh eu m a tic s , clrugs ca u s in g  m a la b so rp tio n  
(e.g ., laxatives, ch o lesty ram in e , m e th o tre x a te ) , an d  
agen ts inc reasing  m etabo lism  (e.g ., th e ò p h y llin e , ihy- 
ro id  ex trac t, L -thyroxine).

A du lts  sh o u ld  be sc reen ed  for d e p re ss io n  by  h is to ry . 
T he degree  o f sym p to m ato lo g y  can  b e  fo llow ed  u s in g  
e ith e r  th e  Beck D epression  In v e n to ry  o r  th e  G eria tric  
D epression  Scale. S creen ing  loo ls for d e m e n tia  are avail- 
ab le (c.g., M ini M ental S tatus E x am  o r S ain t L ouis 
U n iversity  M ental S tatus E xam ) a n d  can  bc u se d  if in- 
d icated . T he M ini N u trilio n a l A ssessm en t (M N A ) is 
a v a lida ted  to o l w ith  a positive  p red ic tiv e  value  for 
d e tec tin g  u n d e rn u tr it io n  o f 97%  in  ơ ld e r  c o m m u n ity -  
d w ellin g  adu lts . T he sensitiv ity  an d  sp ecific ity  o f th is  
tool are 96  a n d  98% , respectively . SCALES (an  ac ro n y m  
for sad n ess , ch o ỉeste ro l, a lb u m in , lo ss  o f w eig h t, ea tin g  
p rob lem s, an d  sh o p p in g  and  co o k in g  p ro b le m s), a w ell- 
validated , h igh ly  sensitive too l th a t is s im p le  10 ad m in - 
is te r  by n o n m e d ica l p ro íess io n a ls , ca n  be  u sed  in 
v a rio u s c lin ica l se ttings an d  do es n o t  re q u ire  so p h is ti-  
cated  physical exam ina tion . T he S u b jec tiv e  G lobal 
A ssessm en t (SGA) in c o rp o ra te s  fu n c tio n a l cap ac ity  as 
an  in d ic a to r  o f m a ln u tr itio n  and  re lie s  m a in ly  o n  phys- 
ical signs o f m a ln u tr itio n  and  m a ln u tr it io n - in d u c in g  
co n d itio n s . SGA is a v a lida ted  to o l fo r p ro g n o sis  
(b u t n o t n u tr itio n a l s ta tu s) in  h o sp ita liz e d  p a tien ts , 
w ith  a sensitỉv ity  o f 82%  a n d  speci& city  o f 72% .

Physical Examination

A care ĩu l physical ex a m in a tio n  ca n  c h a ra c te r iz e  and  
defm e the ex ten t o f m a ln u tr itio n . M e a su rem en ts  o f un- 
c lo th ed  w eigh t and  he igh t are essen tia l for es tab lish in g  
the severity  o f m a ln u tr itio n  in all. p a tien ts , b u t m ay be 
c o n ĩo u n d ed  by the e ííec t o f edem a a n d  ascites. Differ- 
en i classiR cations, usecỉ to d e le rm in e  c h ild h o o d  nu tri-  
tional s ia tu s , inc lude  those o f G o m ez , W e llc o m e , and  
W aterlow .



Anthropometry

M e asu rem en ts  o f  s u b c u ta n e o u s  fat an d  ske le ta l m us- 
cle can  h e lp  to d e te rm ỉn e  th e  severity  o í  p ro te in -c a lo rie  
defic iency . S pecia lized  ca lip e rs  an d  a tape m easu re  are  
ưsed to  es tim ate  b o d y  fat fro m  the  th ic k n ess  o f the  sk in  
fold o f  the p o s te rio r  m id -u p p e r  arm . T h is m e asu rem en t 
is n o t ro u tin e ly  ava ilab le , an d  req u ires  som e o p e ra to r  
ex p e rien c e  for accu racy . T abìe II in d ica tes  the  severity  
o f  m a ln u tr it io n  in c h i ld re n  vvith v ario u s u p p e r  arm  cir- 
cum ferences. M ore so p h is tic a te d  too ls are  availab le , 
su c h  as B -m ode u ltra s o u n d , b io e lec trica l im p ed an ce , 
u n d e rw a te r  w eig h in g , c o m p u te d  to m o g rap h y , m agnetic  
re so n a n ce  im ag ing , a n d  d u a l-p h o to n  ab so rp tio m etry . 
T h ese  tests re q u ire  sp ec ia lized  e q u ip m e n t an d  are 
v ery  costly .

Physical Findings

A ch ild  w ith  kvvash io rkor is ch a rac te rize d  by 
m a rk e d  m u sc le  a tro p h y  w ith  n o rm a l o r  inc reased  
b o d y  fat, and a n o re x ia  is  a lm o st u n iv ersa l. O n  the 
o th e r  h an d , c h ild re n  w ith  m a ra sm u s are  ch a rac te rized  
by  w astin g  oí m u sc le  m ass an d  d ep le tio n  o f fat sto res. 
C lassically , c h ild re n  h av e  severe co n s tip a tio n  an d  are 
v o rac io u sly  h u n g ry . W e ig h t loss can be reco g n ized  by 
decreased  te m p o ra l a n d  p ro x im a l e x tre m ity  m uscle  
m ass, by  clecreasecl sk in  fo ld  th ick n ess , o r  by  a “p in c h  
te s t,” especially  in  y o u n g e r  ad u lts . T ab les III an d  IV 
sh o w  the  c lin ical íin d in g s  seen  in  p a tien ts  w ith  pro- 
te in -ca lo rie  deíìc iency .

Laboratory A ssessm ent

S elected  la b o ra to ry  tests , m ost o f w h ic h  are w ỉdely  
ava ilab le , are u se d  to  ch a ra c te r iz e  a n d  q u an tiíy  m aln u - 
tr itio n . H ow ever, r e c e n t clata sh o w in g  th a t m ost of 
th ese  te sts  are  a l te red  by  cy to k in e  re lease  b rin g  
in to  d o u b t th e ir  speciR city  an d  value in q u an tiíy in g  
u n d e rn u tr itio n .

Serum Proteỉns

S erum  a lb u m in , w ith  a half-life o í  2 —3 w eeks, is  a 
sen sitiv e  bu t n o n sp e c iíìc  m easu re  o f p ro te in -c a lo rie  
defic iency . T h e  se ru m  a lb u m in  level sh o u ld  be

TABLE II M id-U pper -Arm C ircum íerence in C h ild ren
A ged 1—5 Years

Circumfcrence Level of nutrition

>14 C1T1 Normal
1 2 .5 -1 4  cni M i ld/mode ra le malnutriiion
<12.5 cin Severe malnmrition

TABLE III Physical Exam ination  P indings

Kvvashiorkor M arasm us

N orm al or nearlv D im in ish ed  w eight and
norm al w eigh t and height for age
h eight íor age E m aciated  and w eak

Anasarca appearance
M oon face (rounded Bradycardia, hypo tensi o n ,

p rom incnce o f  the and hypotherm ia
ch eek s) T hin , dry sk in

Pursed appearance R edundant sk in  ío lds
o f  m outh cau sed  by lo ss  o f

Pitiin^ edem ạ in  the su b cu tan eou s fat
lovver extrem ities and T hin , sparse hair that is
periorbiially easily  p lucked

Dry, atrophic, p eelin g  sk in
vvith con ílu en t areas o f
hỵperkera iosis and
lì y pe rp i gm e n  1 a 1 i 0 n

Dry, clưll, hyp op igm en ied
hair thai falls ou t or
is easily  p lucked

H ep aiom egalv  (íatiy  liver
in íiltrates)

D istcndcd abdom cn  w ith
dila ied  in icstin a l loops

in tc rp rc ied  in  ih e  clin ical se ttin g , b ecause  ii can  de- 
crca.se w ith  rap id  Huid sh iíts  (as seen  in  acu ie  traum a, 
sepsis, o r  acu le  in flam m atio n ), c irrh o sis  o f liver, AiDS, 
cancer, in ílam m ato ry  bovvel d isease , a n d  n e p h ro tic  
sy n d ro m e. T u m o r n ec ro s is  fac to r a ,  in te r le u k in -2  
(ĨL -2), and  IL-6 inh ib it the  sy n th es is  o f a lb u m in  and  
p ro d u ce  ex trav asa tio n  o f a lb u m in  in to  the ex trav ascu la r 
spacc. Several se ru m  p ro te in s  w ith  sh o r t halí-lives are 
also u sed  to m easu re  p ro te in -c a lo rie  deS ciency; these 
inclucle tra n s íe rrin  (half-life 9 days), p re a lb u m in  (halí- 
life 2 days), re tỉn o l b in d in g  p ro te in  (half-life 12 h o u rs ), 
in su lin  g ro w th  fac to r (half-life 2 —4 h o u rs ) , B bronectin  
(half-ỉife 4 h o u rs), and  C -reactive  p ro te in  (half-life
4 —6 h o u rs ). H ow ever, levels o f these  p ro te in s  sh o u ld  
be in te rp rc te d  w ith  cau tio n , because  they  are  affected  by 
sh iíts  in  ex tra ce ỉlu la r  v o lu m e tha t o ccu r in  acu te  an d  
ch ro n ic  illnesses.

Serum Cholesterol

Serum  ch o leste ro l levels low er th a n  1 6 0 m g /d l 
liave b ee n  co n s id ered  a reA ection  o f  Iow  lip o p ro te in  
an d  th u s  of acco m p an y in g  p ro te in  levels. H ypo- 
ch o leste ro lem ia  seem s to o cc u r in  the  late stages of 
m a ln u tr itio n , lim itin g  its ab ility  as a sc reen in g  too l, 
bu t it is a u se íu l p ro g n o stic  in d ic a to r. Like se ru m  pro - 
te ins, its p la sm a  c o n c e n tra tio n  is a lte red  by  excess 
cy10 k in  e p ro d u c  tio n .



TABLE IV Physical F indings of V itam in and 
M ineral DeHciencies A ssociated w ith Protein-C alorie 
M alnutrition

D eíìc ien cy  F indings

Vitam in A Dry conjunctiva, corneal
u lceration, "goose b u m p s’'

T hiam ine (B]) O pthalm oplegia, con gen ita l
hepatic íìbrosĩs. hyoreQ exia,
con íabu laiion , cerebellar gait,
pasi pointing

RiboQavin (B2) A ngular siom aiitis , c h e ilo sis
P yridoxine (Bố) Peripheral neuropathV
C obalam in (B|>) O ptic neuritis, loss o f  vibratory

and position  sense
V itam in c G ingival hypertrophy, easy bru ising.

periíollicular heraorrhage
V itam in D O steom aiacia, m uscular h y p o io n ia
V itam in K H ẽm orrhages
N iacin D erm atitis (hyperpỉgm entation  o ĩ

su n -cxp osed  areas), diarrhea,
dem en iia , and so m eù m es death

Zinc D im inished  laste, “ílaky rash”
on low er extrem ities

ĩmmune Function

T here  is m o u n tin g  ev idence that ihe T ly m p h o cy te  
c o u n t is a useful in d ic a to r  of nu tritiona l s ta tu s  an d  o u t- 
com e. A decrease  in  to ta l lym phocytes (TL C s) to  less 
th an  8 0 0 /|il re ílec ts severc u n d c rn u tr itio n . U nclcrnu tri- 
tion  can  also lead  to su p p ress io n  of ce llu la r im m u n ity , 
m an iíested  by ihe delayed  hypersensitiv ity  reac tio n . 
U n d e rn u tr itio n  in  b o th  young  ch ild ren  an d  o ld e r  
ad u lts  resu lts  in  a m arked  decrease in  C D 4 +  T cells.

TREATMENT

T he gu ide line  for the  m anagem ent of severely  
m a ln o u rish ed  ch ild ren  developed  by the W o rld  h ea lth  
O rgan iza tion  (W H O ) consists  of th ree phases: in ilia l 
trca tm en t, reh a b ilita tio n , and  follow up. T he in itia l 
phase  is critica l, w ith  specia ì em phasis on  trea tin g  hv- 
poglycem ia, h y p o th e rm ia , in íection , an d  d e h v d ra tio n . 
E lectro ly te an d  v ita m in  deíìciencies are tre a te d  in  the 
in itia l phase, an d  trea tm e n t is ex tended  to  the  reh ab il-  
ita tio n  phase, w ith  the ex cep tio n  that iro n  is g iven  on.lv

in the  la te r  phase. F eed in g  is s ta rted  ìn  the in itia l p h ase  
b u t is ad vanced  afte r th e  seconcl w eek  in  the reh ab ili-  
ta tion  phase . T he re h a b ilita tio n  p h ase  lasts a p p ro x i-  
m ately  2 —6 w eeks. D u rin g  th is  phase , the m o th e r  is 
tra in ed  to co n tin u e  care a t h om e a n d  so c io eco n o m ic  
p ro b lem s are ad d ressed . In  the fo llow up  phase , p hysi- 
cal, e m o tio n a l, a n d  m e n ta l h e a lth  issues are m o n ito re d  
ancl ad d re ssed  an d  a p p ro p r ia te ly  trea ted . It n eed s to  be 
rec o g n ize d  th a t p re v e n tio n  by p ro v id in g  ad e q u a te  
food re so u rce s , n u tr it io n a l ed u c a tio n , an d  vacc in a tio n s 
lo p rev e n t co m m o n  d iseases  are far m ore  cost-effective 
co m p ared  to trea tin g  m a ln u tr it io n  in ch ild ren  afte r it 
occurs.

In  ad u lts , the in itia l step  in  tre a tm e n t of u n d e r-  
n u tr itio n  is the se a rch  for trea tab le  causes. C alo ric  sup - 
p lem en ts , w h en  used , sh o u ld  be  given b e tw een  m eals 
and  n o t w ith  them . In  so m e cases, the  use of o rex igen ic  
d ru g s su c h  as m eg estro l o r  m e d ro x y p ro g es te ro n e  a n d / 
o r d ro n a b in o ì ( te tra h y d ro c a n n ib in o l)  m ay be usefu l.
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oligopeptide An oligomer of amino acid units joined by 
peptide linkages. The term “oligopeptide” is com mon ly 
used to refer to structures containing 4 to 25 amino acid 
resỉclues.

peptide bond The covalent chemical bond between two 
amino acid residues. It is íormecl by ihe subtraction of a 
water moleculc froin the amino groiip attached to thc 
a-carbon of one amino acid and the carboxy group 
attached to the oc-carbon of a second am ino acid residue. 

protein A macromolecular complex containing a large 
number oí' am ino acid residues jo ined to one anoiher 
via peptide bonds. Proteins may, in ađdition to the 20 
diíĩerent amino acids that they generally are made up of, 
contain various amino acid residues that have been 
modifieđ posttranslationallv by phosphorylation, hydro- 
xylation, glycosylaiion, or attachm ent of fatty acicl 
residues.

The d ie tary  in take o f p ro te in s  varies co n sid erab ly  w ilh  the 
n a tu re  of the d ie t and th e  m ain  p ro te in  so u rces in the d ie t 
(p lan t versus an im al origin). H ow ever, in a lm ost a!l de- 
veloped coun tries, the average p ro te in  in tak e  is  approx- 
im ately  100 g/day. In  add ition , a lm ost 60 g o f endogenous 
p ro te in s  from g as tro ỉn tes tỉn a l sec re tio n s and  saliva 
en te rs  the sm all in te s tin e  so  th a t a to ta l o f ap p ro x im ate ly  
160 g of p ro te in  p e r day undergoes hyd ro lysis  by gastric , 
pancreatic, and b ru sh  b o rd er  m em brane-bound  p ro teases  
and  pep tidases. The end  p ro d u c ts  are ab so rb ed  by rnul- 
tip le tran sp o rt systcm s in the ap ical m em brane o f the 
ep ithelial cells.

HYDROLYSIS OF PROTEINS  
A N D  DETERM INA NTS OF  
THEIR DIGESTABILITY

T he lum enal a n d  b ru sh  b o rd e r-b o u n d  d ig estiv e  en- 
zym es in itia lly  release a vast sp e c tru m  of m e d iu m - 
s ized  and  sh o r t-c h a in  p ep tid es  a n d  ev e n tu a lly  free 
a m in o  acỉds. A lth o u g h  m o st p ro te in s  a n d  
o ỉig o p ep tid es  a re  rap id ly  d eg ra d ed , so m e s tru c tu re s  
are íairly re s is ta n t to  h v d ro ly sis . In  p a r tic u la r .

g lycosy la ted  p ep tid es  a n d  those co n ta in in g  m u ltip le  
p ro ly l re s id u e s  are m o re  stable aga in st a ttack  by 
p ro te a se s  a n d  pep tidases. T h is in tr in s ic  p ro teo ly tic  
s tab ility  is o í p a rtic u la r  im p o rtan ee  for u n d e rs ta n d in g  
th e  “s u r v iv a r  o f th e  im m u n o d o m in a n t ep ito p es from  
a -g lia d in  th a t acco u n t for the s tim u la to ry  ac ti vi ty of 
d ie ta ry  g lu te n  o n  in te s tin a ì an d  p erip h e ra l T lym pho- 
cy tes in  p a tie n ts  w ith  celiac disease. T he oc-gỉiadin 
p e p lid e s  are rich  in p ro lin e  an d  g lu tam in e  residues, 
w h ich  are  ex c ep tio n a lly  resis tan t to enzym atic  P roces
sing . T he  very  low  ac tiv ity  of d ip e p tid y l pep tid ase  IV 
an d  d ip e p tid y l carboxypeptic lase I in the gas tro in tes- 
lin a l tra c t d e te rm in e  as ra te -lim itin g  enzym es ihe di- 
gestive  b re a k d o w n  o f these pep tides . V arious o th e r  
b io lo g ica lly  ac tive  p ep tid es  c o n ta in in g  m u liip le  p ro ly l 
g ro u p s  have a lso  been  iden tified  in d igests, for exam - 
p lc , o f d ie ta ry  p ro te in s  (m ain ly  m ilk  p ro te in s ), w h ich  
le d  to  th e  suggesticm  th a t these p ep tid es  that are re- 
leased  d u r in g  d ig estio n  o f d ie ta ry  p ro te in s  in  th e  gu t 
m ay affect b o d y  ỉu n c tio n s  by the ir o p io id , im m u n o - 
m o d u la to ry , o r an g io ten s in -c o n v ertin g  enzym e inh ib - 
ito ry  ac tiv ity . T he  ex tern  to w h ich  and  the speed  w ith  
w h ic h  a d ie ta ry  p ro te in  is b ro k en  dow n  to  its constit- 
u e n t p a r ts  a re  th e re ío re  d ep e n d e n t o n  its co m p o sitio n  
(am in o  ac id  seq u en ce) an d  on  m od ifications tha t ren- 
d e r  it m o re  re s is ta n t to hydro lysis. T h is also in c lu d es 
th e r m a l e f fe c ts  o f  fo o d  P r o c e s s in g  th at m a y  c a u se  the  
ío rm a tio n  o f M ailla rd  p ro d u c ts  o r th a t in d u ce  the 
c o n v e rs io n  o f  free L-amino ac ids in to  Lheir D -enantio- 
m ers. S tu d ies  w ith  15N -labe led  d ie ta ry  p ro te in s  in  hu - 
m a n s  have d e m o n s tra te d  a qu ite  variab le ex ten t of 
d ig es tio n  a n d  ab so rp tio n  as in d ic a ted  by d iffe ren t 
ileal lo sses o f  am in o  ac id s d e p e n d in g  on  the n a tu re  
o f  th e  p ro te in  ad m ìn is te red .

E ven  in ta c t p ro te in s  o r  large o lig o p ep tid es  can be 
ab so rb e d  in  sm all q u an titie s  in  in ta c t fo rm  e ith e r via the 
p a ra c e llu la r  ro u te  o r by m ic ro íò ld  cells, b u t the b u lk  of 
p ro te ỉn  is ta k en  u p  in  the form  of d i- and  tr ip e p tid es  and  
as free a m in o  ac ids. F o r these end  p ro d u c ts  o f d igestion , 
sp ec ia lized  c a rr ie rs  are  ío u n d  in  the ap ical m em b ran e  of 
en te ro cy te s .



EPITHELIAL UPTAKE OF 
DI- A N D  TRIPEPTIDES

T he m u ltitu d e  o f in tra ce llu la r  p ep tid ases  w ith  a s tr ic t 
specifìc ity  for the hyd ro lysis  o f d i- an d  tr ip e p tid es  
suggested  th a t su ch  p ep tid es  m ay be ab so rb ed  in  in tac t 
form  fo llow ed by the  in tra ce llu la r  re lease  o f free am ino  
acids. T he p ep tid e  tra n sp o rte r  p ro te in  th a t carries 
d i- an d  tr ip e p tid es  in to  the  cell w as id en tif ìed  as a 
p ro to n —p ep tid e  sy m p o rte r  th a t c o u p les  p e p tid e  u p tak e  
to the m o v em en t o f p ro to n s  d o w n  an  e lec tro ch em ica l 
p ro to n  g rad ien t. T he PEPT1 p ro te in  c o n ta in s  708 am ino  
acids res id u es  and  12 tran sm em b ran e  d o m a in s  w ith  
N- and  C -te rm in a l en d s  facing the  cy toso l. By c o u p lin g  
to p ro to n  flux? p cp tid e  tra n sp o rt o ccu rs  e lec tro g en ica lly  
regard less o f the n e t charge of the  su b s tra te  an d  causes 
in tra ce llu la r ac id iíìca tion . T he req u ired  p ro to n  g rad ien t 
for p ep tid e  u p ta k e  is m ain ly , b u t n o t exc lusively , p ro - 
v ided  by e lec tro n e u tra l p ro to n /c a tio n  ex ch an g e rs , su c h  
as the  N a+/ H + an tip o r te rs  th a t re tu rn  p ro to n s  to the 
ỉum en  in  exchange for N a+ ions en te r in g  the  cells. 
H ow ever, the  m ain  d riv in g  force for p e p ũ d e  tra n sp o r t 
is the  negátive m em b ran e  p o te n tia l in sid e  the  cell. 
N orm al d ip e p tid e s  taken  u p  in to  the cells are  rap id ly  
hyd ro ly zed  by cy toso lic  pep tid ases  an d  íree am ino  
acids a re  th en  clelivered in to  the  c irc u la tio n . A lth o u g h  
there  is  ev idence for a baso la te ra l efflux  system  for 
d i- an d  trip ep tid es , the n a tu re  o f th is  p ro te in  is n o t 
yet know n.

T ra n sp o rt by PEPT1 show s a p ro n o u n c e d  ste- 
reose lec tiv ity , w ith  p ep tid es  c o n ta in in g  L -enan tiom ers 
o f am in o  ac id  resid u es possessing  h ig h e r  affinity  for 
tra n sp o rt th an  p e p tid es  co n ta in in g  D -enantiom ers. 
P ep tid es  co n sis lin g  so le ly  o f D -am ino ac ids do  n o t 
show  an y  re lev an t affinity  for tra n sp o rt. O ne o f the 
m ost s tr ik in g  íea tu res  o f  PEPT1 is its  cap ab ility  o f se- 
q u e n c e - in d e p e n d e n t  t r a n s p o r t  o f  a ll p o s s ib le  d i-  an d  
tr ip ep tid es . T his m eans th a t the  20 p ro te in o g en ic  
L -a-am inó acids a lo n e  p ro v id e  400  d iffe ren t d ip e p tid e s  
and  8 0 0 0  d iffe ren t tr ip e p tid e s  th a t can  be tra n sp o rte d  
by PEPT1. T he ab ility  o f  PEPT1 to also accep t a 
v arie ty  o f p ep tid o m im etics , su ch  as a n tib io tic s  o f the 
am in o ce p h a lo sp o rin  an d  am in o p en ic illin  classes, o r 
se lec ted  a n g io ten s in -c o n v e rtin g  enzym e in h ib ito rs , 
such  as ca p to p ril, cxp la in s the  excellen t o ral availab ility  
o f these  d rugs. T he c lin ical im p o rta n ce  of PEPT1 has 
been  d e m o n s tra te d  in  a varie ty  o f s tu d ie s  in d iffe ren t 
o rg an ism s in c lu d in g  h ụ m a n s. H ere, d ip e p tid e  m ix tu re s  
have b ee n  show n  to  b e  su p e rio r  to free am in o  ac ids for 
fast in te s tin a l ab so rp tio n  an d  they  are also  m ore  
usetu l for en tera l n ư tr itio n  as they  p ro v id e  a lovver os- 
m o la rity  o f the  n u tr itio n  so lu ù o n . M oreover, in  a variety  
of g as tro in tes tin a l d iseases, the  p ep tid e  tra n sp o rte r  has

b ee n  fo u n d  to  be less affected  by the  p a th o p h y s io lo g y  
th a n  th e  am in o  ac id  tran sp o rte rs . F ig u re  1 d isp lay s the  
p e p tid e  tr a n sp o r te r  in  the  ap ica l m e m b ran e  of ep ith e lia l 
ce lls in  th e  c o n te x t of the  v a rio u s am in o  ac id  ca rrie rs  
th a t in  c o n c e r t a llow  efficient tran sc e llu la r  a m in o  ac id  
ab so rp tiọ n ,

TR ANSPO RT OF FREE AM INO  AC IDS  
AC RO SS THE EPITHELIUM

W h e n  p ro te in s  an d  p ep tid es  u n d e rg o  co m p le te  lu m e n a l 
hy d ro ly sis , free am ino  ac ids arc re leased . T he 20 
p ro te in o g e n ic  am in o  ac ids and  th e ir  deriv a tiv es  resem - 
b le  a h e te ro g e n e o u s  g ro u p  o f c o m p o u n d s  th a t d iffe r in 
p o la rity , n e t charge, an d  m o le cu la r  m ass. lt is th e re ío re  
n o t su rp ris in g  th a t m em b ran e  tra n sp o rte rs  w ith  d iffer- 
en t su b s tra te  specific ities a re  found . W h ereas  the  ca rri-  
ers  for n e u tra l am in o  acids in  m o si cases d isp lay  a ra th e r  
b ro ad  su b s tra te  speciíìc ity , o th e r  c a rrie r  tỵpes show  
m uch  m ore  speciR c in te rac tio n s  w ith  a p re íe re n c e  for 
e i lh e r  ac id ic  o r  basic  side  ch a in s  o f am ino  ac id s  o r  
for th o se  w ith  an  aro m atic  s tru c tu re . In  a d d itio n , 
d iffe rences in  th e  th e rm o d y n am ic  p ro p e r tie s  o f  the 
tra n sp o r t s te p s  are  observed  w ith  eq u ilib ra tiv e  system s 
an d  system s th a t are  io n -d e p e n d e n t an d  sh o w  u p h ill 
t r a n sp o r t capab ility . A lm ost all ca rrie rs  d isp lay  a p ro - 
n o u n c e d  s te reo se lec tiv ity  íbr tra n sp o rt o f the p h y sio - 
logically  im p o r ta n t L -enan tiom ers o f am in o  acids. 
T ab le I su m m arize s  the m ain  tra n sp o r t p a th w a y s  for 
am in o  ac id s  in  m am m alian  cells su b d iv id ed  in to  N a +- 
d e p e n d e n t an d  N a +- in d e p e n d e n t p ro cesses  an d  the 
z re p re sen ta tiv e  cDNAs th a t have b een  c lo n ed  and  
th a t ex p ress  th e  co rre sp o n d in g  tra n sp o rt ac tiv ity  in  a 
ta rg e t cell. N o t su rp ris in g ly , th e re  are  n u m e ro u s  g en e tic  
an d  sp lice  v a ria n ts  w ith in  th e  d iffe ren t tra n sp o r te r  
classes. H ow ever, a t the s tru c tu ra l level, m o st a in in o  
ac id  ca rrie rs  sh o w  som e co m m o n  fea tu res w ith  a p ep tid e  
b ac k b o n e  o f 350  to  700  am in o  ac id  re s id u e s  th a t c ro sses 
th e  p la sm a  m e m b ra n e  10 to 12 tim es.

E n te ro cy tes  c o n ta in  n u m e ro u s  am in o  acid  tra n sp o r-  
ters, som e o f w h ich  are found  th ro u g h o u t th e  o rg an ism  
an d  o th e rs  o f  w h ich  are  specific for the ap ica l or 
baso la te ra l m e m b ra n e s  o f p o la rized  cells. T he tra n sp o r-  
te rs  in th e  b ru sh  b o rd e r  m em b ran e  are  p rim arily  resp o n - 
sib le for th e  a b so rp tio n  o í am in o  acids from  the  
in te stin a l lu m e n  an d  th o se  lo ca ted  o n  the  baso la te ra l 
su ríac e  o f th e  en te ro cy te  ĩac ilita te  th e  tra n s íe r  o f am in o  
acicls b e tw een  th e  en tero cy te  an d  the c ircu la tio n . ln flu x  
across the  b aso la te ra l m e m b ran e  p ro v id es a m in o  acids 
for th e  n u tr it io n a l n eed s o f the en te ro cy te  in  th e  absence  
o f p ro te in  in ta k e , vvhereas w hen  p ro te in s  are  d ig ested  
an d  am .ino ac id s  are  ab so rbed , b aso la te ra l tr a n sp o r te rs
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sp on sib le  for transep ithelia l am in o  acid translocation . D ashed  lin es ind icate the intracellu lar hydrolysis oỉ d i- and  tripeptides  
by cy to so lic  peptidases. N A A , neutral arnino acids; CAA, ca tion ic  am ino acids; AAA, acid ic am in o  acids; IAA, im in o  acids; 
PAA: P-am ino acids; G ly , g lyc in e .

m ed ia te  n e t am in o  ac id  efflux  from  the  cell in to  the 
p o rta l c irc u la tio n . F igu re  1 d isp lay s the  v ario u s ca rrie rs  
in  ap ica l a n d  baso la te ra l m e m b ra n e s  th a t are in vo lved  in 
tra n sc e llu la r  am in o  ac iđ  tra n sp o r t.

T he am in o  acid  tra n sp o r te r  class th a t is d e p e n d e n t 
on  b o th  N a + an d  c r  g ra d ie n ts  in c lu d e s  system  IM IN O , 
w h ich  tra n sp o r ts  im in o  ac id s  su c h  as p ro ỉin e , system  
BETA, a tra n sp o r te r  of p -am in o  ac id s  su c h  as p -a lan in e , 
an d  system  B '+ (ATBư’+ ), w h ic h  tra n sp o rts  n eu tra l, 
basic , a n d  som e Đ -en an tio m eric  am in o  acids. T he sec- 
o n d  class co n ta in s  th e  c lassica l N a + -d e p e n d e n t “secơ nd- 
a rily  ac tiv e” tra n sp o rte rs , in c lu d in g  sy stem  B°’+ an d  
ATB°, w h ic h  tra n sp o r t a v a rie ty  o f n e u tra l am ino  
ac ids. A n ion ic  am in o  ac id s  a re  tra n sp o r te d  bv system  
X~a g - System  ASC h as  a p re fe re n c e  for sm alỉ n e u tra l 
am in o  ac id s  in c lu d in g  a la n in e , se rin e , an d  cysteine. 
System  A (m ain ly  in  b aso la te ra l m e m b ran es)  tra n sp o rts  
n e u tra l a n d  m e th y la ted  am in o  ac id s. T he N a ^ -in d e p e n - 
d e n t tra n sp o rte rs  th a t o p e ra te  in  an  “eq u ilib ra tiv e” mocle

in c lu d e  sy stem  y + (th e  CAT p ro te in s ) , w h ich  ca rries 
ca tio n ic  am in o  acids, system  b ° ’+ (A T b°’+), w h ich  
tra n sp o rts  cys te ine  as w ell as n e u tra l an d  ca tion ic  
am i.no ac id s, a n d  system  L (th e  LAT p ro te in s ) , w h ich  
reco g n izes  m a in ly  n eu tra l am in o  acids. M em bers o f the 
last g ro u p  are  p a rticu la rly  in te re s tin g  in  view  o f th e ir  
m o le cu la r  a rc h ite c tu re . T he novel s tru c tu ra l ch a rac ter-  
istic  o f the  LAT p ro te in s  is th a t they  o lig o m erize  via an 
e x tra ce llu la r  d isu lía te  b ridge  w ith  a la rge seco n d  sub- 
u n ỉt  to  fo rm  a com plex . In  ap icaỉ m em b ran es , the  gly- 
c o p ro te in  heavy  ch a in , des ig n ated  BAT, associa tes w ith  
a LAT p ro te in  a n d  th e  re su ltin g  co m p lex  possesses so- 
d iu m -in d e p e n d e n t am in o  acid  ex ch an g e  capability . T he 
o th e r  h eavy  ch a in , 4 F 2 h c , can  associa te  w ith  v a rio u s  
lig h t ch a in s  (LAT p ro te in s ), w ith  th e  co m p lex es th e n  
m e d ia tin g  am in o  ac id  exchange  ac ro ss  th e  baso la te ra l 
m e m b ran e  o f ep ith e lia l ce lls as w ell as in  n o n p o la riz e d  
cells. T he heavy  ch a in s have a g lycosidase-like  ex trace l- 
lu la r d o m a in  a ttac h ed  to a single tran sm em b ran e



TABLE 1 Amino Acid T ransport System s in the 
P lasm a M em brane of M am m alian Cells

T ransport system
Isolated  cD N A (s)  

en co d in g  th is  activ ity

N a 4 dcpendent
A ATA 1-3
N SIM 1-3
GLY G ly T l-2
ASC A SC 1-2
BETA G A T 1-3, BGT-1
IM1NO N ot identified  yet
B ATB°
B°' ‘ ATB°-+

X AG EAAT1-5
N a 1 in d cp cn d en l

L 4F2hc/L A T (X )

y ' CAT1-3
1,0.4 BAT/b0,+AT

H ' dep en d en t
PAT PAT1 (LYAAT-1), PAT2

d o m a in , w hereas the  lig h t ch a in s  vary in  size b u t all 
possess 12 m e m b ran e -sp a n n in g  d o m ain s, w h ich  are 
typ ical for po ly top ic  m em brane  p ro te in s  w ith  the 
am ino - an d  ca rb o x y -te rm in i íacing  the cytosol. The car- 
r ie r  com plexes can tran sp o rt a w ide range o f neu tra ì 
am in o  acids in  an  ob liga to ry  exchange m ode, w hich  
m eans tha t they m ed iate  the iní.lux o f ce rta in  am ino  
acids in  exchange for in trace llu la r an iino  acids. The 
b ° ’+ activ ity  of the B A T-associated com plex  can in  ad- 
d itio n  tran sp o rt ca tio n ic  am ino  ac ids in  exchange for 
n eu tra l am ino  acids, re su ĩtin g  in tra n sp o rt cu rren ts , 
w h ereas the y +L A T l/4 F 2 h c  com plex  exchanges n eu tra l 
am ino  acids in  co tra n sp o rt vvith so d iu m  for in lrace llu la r 
ca tion ic  am ino  acids.

A new  class o f e lec trogen ic  p ro to n -d e p e n d e n t am ino  
acid  sy m p o rte rs  (PAT p ro te in s)  has been  id en tiíìed  and 
c loned . F rom  th is  class, the PAT1 ca rrie r is expressed  in 
the apical m em b ran e  of in te stin a l ep ithe lia l cells and 
m ed iates the c o tra n sp o rt o f am ino  acids an d  derivatives 
th a t have a sh o r t side ch a in  (g lycine, alan ine , serine ,

p ro lin e , Ỵ -am inobu ty ric  ac id ) by the co u p lin g  of 
su b s tra tc  m o v em en t to  p ro to n  m o v em en t d o w n  an  elec- 
tro ch e m ic a l p ro to n  g rad ie n t. T h is  tra n sp o rt ac tiv ity  
co n seq u e n tly  causes  a n  in tra c e llu la r  ac id iíìca tio n  th a t 
req u ire s  ap ica l s o d iu m —p ro to n  ex ch an g ers  for the  con - 
troi o f in tra c e llu la r  pH , w ith  p ro to n  ex p o rt e n h a n c in g  
so d iu m  u p ta k e  in to  e p ith e lia l cells.

T h e  ex p re ss io n  level o f in te s tin a l am in o  ac id  an d  
p ep tid e  tra n sp o r te rs  can  be ađ ap ted  to d ie ta ry  needs 
and a v a rie ty  o f h o rm o n e s  are invo lved  in  reg u la tin g  
p ro te in  ex p re ss io n  an d  co n seq u e n tly  the tra n sp o r t ac- 
tivity  o f  th e  ca rrie rs  th a i a re  resp o n sib le  for the  ab so rp - 
tion  o f a m in o  ac id s  from  clietary p ro te in s .

See Also the Follow ing Articles

D ig estion , Overvievv •  N u tr ien t T ransport, R egulation  o f
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Protein-Losing Disorders
s. SMALE, 1 . FORGACS, a n d  I. BjARNASON

Guv’s, King’s, and St. Thomas' Schooỉ ọ f Medicine, London

enteropathy Small intèsiinal disease.
h y p o a lb u m in e m ia  Abnorraallỵ low concentration oí album in 

in thc blood.
hypoproteinem ia Abnormally small am ounts of total protein 

in the blood.
intestinal absorption Capacity oi Lhe in testin a l mucosa to 

actively absorb digested food. 
intestinal perm eability Property of the intestinal mucosa lo 

permit the passage (diffusion) of substances across the 
mucosa.

m alabsorption Disorder of the process w hereby  d igesied  
food is actively incorporated or received by ihe 
gasirointestinal mucosa. 

m a ld ig estio n  Disorder of the process whereby ingested food 
is converted into material suitable for assimilation by the 
gástroỉnlestinal mucosa.

Extragastrointestinal causes o f  increased protein loss  
that need to be considered in the investigation of 
hypoproteinem ia include trauma and sep sis . The proces- 
ses leading to intestinal protein Loss may be the result o f  
deíects in diet, m etabolism , catabolism , absorption, or 
synthesis or may be related to speciíìc gastrointestinal 
diseases. The goal o f investigation and assessm ent o f gas- 
trointestinal protein loss, w hether in the clinical or re- 
search setting, is to restore norm al protein Levels and to 
treat the underlying cause.

O VERVIEW  OF ETIOLOGY

A n u m b e r  o f ỉa c to rs  can  lead  to  h y p o p ro te in e m ia  
an d  h y p o a lb u m in e m ia , in c lu d in g  d ie ta ry  ía c lo rs , 
m a ld ig estio n , m a la b so rp tio n , re d u c e d  p ro te in  syn- 
thesis , in c re ase d  ca tab o lism , a n d  p ro te in  loss v ia th e  
g a s tro in te s tin a l a n d  renal sy s tem s o r  v ía o th e r  tis su es 
in s ta te s  o f irỳ u ry  o r  in fla m m atio n .

Normal Albumin M etabolism

A lb u m in  is q u a n tita tiv e ly  th c  m o s t im p o r ta n t o f  th e  
p lasm a p ro te in s  an d  is w idely  re c o g n iz e d  as an  in d ic a to r  
o f g en era l h ea lth  s ta tu s . T h e  n o rm a l s e ru m  a lb u m in  
c o n c e n tra tio n  is usưally  b e tw e e n  35 a n d  5 0 g /li te r ,  
th e  m ean  be ing  sligh tly  h ig h e r  in  m en  th a n  in

w om en . A lbum in  is syn th esized  from  p re a lb u m in  in  
the  liver; in  n o rm a l sub jects , h ep a tic  syn thesis  is 
equal to d eg rad a tio n , at ap p ro x im ate ly  1 .5g /day . T he 
half-life o f a lb u m in  is ap p ro x im ate ly  15 to 20 days. 
In creased  c o n c e n tra tio n  o f  a lb u m in  (> 5 0  g /liter) is pa- 
th o g n o m o n ic  o f  d eh y d ra tio n . H y p o alb u m ỉn em ỉa , how - 
ever, m ay o cc u r co n seq u e n t w ith  a n u m b e r  o f íactors.

Malnutrition

O n  a g lobal scale , m a ln u tr iiio n  is th e  m ost com m on 
cause o f h y p o a lb u m in em ia . Serum  levels o f p rea lb u m in  
are  exqư isite ly  sensitive  to changes in  p ro te in  in take , 
re ílec tin g  its sh o rt half-life o f ap p ro x im ate ly  2 days; 
how ever, as w ith  a lb u m in , p rea lb u m in  levels m ay 
change rap id ly  in th e  face o f trau m a o r  o v en v h e lm in g  
sepsis even  in  th e  íace o í  ad eq u ate  n u tr itio n a l in take. 
A lbum in  is n o t w ell su iied  ío r the  p u rp o se  o f assessing  
n u tr itio n a l s ta tu s  because  it m ay take w eeks for levels to 
d ec lin e  in  resp o n se  to  m a ln u tr itio n , re ílec tin g  its lo n g e r 
half-life in  n o rm al co n d itio n s ; a lb u m in  levels m ay also  
d ro p  d ram atica lly  in  th e  face of acu te  illness due  to 
in c reased  losses and  sh iíts  in  a lb u m in  d is trib u tio n . F u r- 
th e rm o re , low  se ru m  levels of a lb u m in  m ay  take 3 o r 4 
w eeks to  re tu rn  to n o rm al, even  in  the  se ttin g  o f ade- 
q uate  n u tr itio n  in a recovering  pa tien t.

Protein M aldigestion and Malabsorption

M ald igestion  o f  p ro te in s  an d  m alabs.orption  o í 
am ino  ac ids are  ra re  causes o f hyỊ^oalbum inem ia be- 
cause  o f the rese rve  capac ity  o f the íu n c tio n s  invo lved  
in  these processes. P ro te in  d igestion  beg in s in  th e  stom - 
ach w ith  th e  ac tio n  o f gastric p ro teases , w h ich  are  re- 
leased as p ro en z y m es th a t are ac tiva ted  by the  low  pH  
w ith in  th e  gastric  lu m en . N evertheless, lo n g -s tan d in g  
ac h lo rh y d ria  d o es n o t  lead  to h y p o a lb u m in em ia . Pan- 
c reatic  enzym es, w h ich  likew ise are sec re ted  as inactive 
p ro erư y m e s, are  ac tiv a ted  by en te ro k in ase  w ith in  the 
m icrov illi o f the  b ru sh  b o rd er in  the d u o d en u m . H aving 
been  b ro k e n  d o w n  in to  am ino  acids, d ip e p tid es , and  
tr ip ep tid es , these  a re  th e n  abso rbed  by d iffe ren t classes 
oí am in o  ac id  tra n sp o rte rs  o n  the b ru sh  border. 
H y p o a lb u m in em ia  is no t, how ever, a p ree m in en t



íea tu re  of severe pancrea tic  insufficiency a n d  is only  
occasionally  seen  in  celiac disease, in  w h ich  there 
m ay also be su b stan tia l loss o í a lb u m in  to  the  in testine .

Reduced Synthesis

A lbum in syn thesis  by  the liver is d e p e n d e n t on 
changes in  n u tr itio n a l sta tu s, plasm a o n co tic  p ressu re , 
cy tokines, and h o rm ones. In norm al sub jec ts , syn thesis  
m ay be doub led  in response to increased  d eg ra d a tio n  or 
loss, b u t the syn thesis o f a lbum in  m ay be considerab ly  
red u ced  in  p a tien ts  w ith  severe ch ro n ic  liver disease. 
T he presence of ascites m ay signiR cantly increase  the 
total p lasm a vo lum e and  u nder these c ircu m stan ces 
the total body  a lb u m in  m av be n o rm al desp ite  
hypoalbum inem ia .

Increased Degradation

H ypoalbum inem ia is com m on in se rio u sly  ill, in- 
ju red , an d  sep tic patien ts . This appears n o t to be re la ted  
d irec tly  to syn thesis , w h ich  rem ains e i th e r  u n ch an g ed  
o r increasecl, b u t ra th e r to sh iíts in the d is tr ib u tio n  in to  
the ex travascu lar space due 10 increased  v ascu lar per- 
m eability  and  changes in  the ca tabo lism  o f a lb u m in  in  
response  to p ro in ílam m ato ry  cy tok ines, gen e ra ted  in 
response  to  card iac  ía ilu re, in íection , and  o th e r  in íìam - 
m ato ry  stim uli.

PROTEIN LOSS

Loss o f p ro te in  via the  k idney, gut, o r  o th e r  o rg an s in  
com b in atio n  w ith  red is trib u tio n  w ith in  ex trav ascu la r 
tissưes is the m ajo r cause of h y p o p ro te in em ia  in  the 
industria lized  vvorld. Such loss may o c c u r  in  a n u m b e r 
o f settings.

Renal

N ephro tic  sy n d ro m e is characterized  by p ro te in u ria  
(g reater th a n  3 g in  24 h o u rs), p e riphera l ed em a , and  
h ypoalbum inem ia  and  is the m ost ílo rid  m an iíe s ta tio n  
o f rena l p ro te in  loss. H eavy p ro te in u ria  w ith  o r  w ith o u t 
the o th e r features of n ep h ro tic  svnd rom e m ay o ccu r in  a 
w ide varie ty  of rena l an d  system ic d isease . A pprox i- 
m ately  30% of p a tien ts  w ith  h y p o alb u m in em ia  associ- 
ated  w ith  rena l d isease have an u n d erlv in g  sysiem ic 
disease such  as d iabetes, am yloidosis, o r system ic 
lu p u s ery th rom atosis , a lth o u g h  increased  g as tro in tes ti-  
nal loss is also o ften  ev id en t in ihese cases. T he rest is 
due  to p rim ary  renal disease in  the form  o f m in im al 
change n ep h ro p a th y , focal g lom eru losc lero sis , and 
m em branous n ep h ro p a th y .

Burns

H y p o alb u m in em ia  is co m m o n  in  the in ten siv e  care 
u n it  se ttin g , d esp ite  a d m in is tra tio n  o f a lb u m in  and  
aggressive n u tr itio n a l su p p o rt. In  p a rt, th is  re la tes  to 
th e  ex trem ely  ca tabo lic  State  of c ritica lly  ill p a tien ts , 
b u t the re  is also a s ig n iíìcan t inc rease  in  leakage o f al- 
b u m in  in to  the  in te rs titia l space c o n seq u e n t to  en d o - 
to x em ia  an d  cy to k in e -in d u c eđ  changes in v ascu la r 
p erm eab ility .

In the case of b u rn s , th e rm a l in ju ry  inc reases  m ic ro - 
v ascu la r p erm eab ility , le ad in g  to in c reased  loss o f a lbu- 
m in  in to  th e  ex trav ascu la r space , in to  b lis ters, an d  as an  
ex u d a te  o n  th e  su ríace  o f b u rn e đ  sk in ; severe b u rn s  are 
a lm o st invariab ly  assoc ia ted  w ith  in fec lio n  lead ing  to 
a lb u m in  d isp lac em e n t in to  the  in te rs titia l space, o íte n  
re s u lt in g in  th e ra p id d e v e lo p m e n to fh y p o a lb u m in e m ia .

Gastrointestinal

G astro in te s tin a l p ro te in  loss sh o u ld  be co n sid ered  
in p a tie n ts  w h en  no  o th e r  cause for h y p o p ro te in em ia  
can  b e  id en tif ied . w h e re a s  ren a l causcs o f p ro te in  loss 
are asso c ia ted  w ith  p re d o m in a n t loss o f a lb u m in , gas- 
tro in te s tin a l loss o íten  ỉeads to low  levels o í im m u n o - 
g lo b u lin s  (IgG , lgA, an d  lgM ), c lo ttin g  íacto rs 
( íib r in o g en ), tran sfe rr in , an d  ce ru lo p lasm in . U nlike 
liver d isease , in  w h ich  co ag u lo p a th y  is co m m o n , the 
loss o f c lo ttin g  íac to rs  is rare ly  s ign ifican t en o u g h  to 
be clin ically  ev iden t. Hovvever, assoc ia ted  fat an d  car- 
b o h y d ra te  m a lab so rp tio n  m ay le ad  to  deíìc iency  of fat- 
so lu b le  v itam ins . N u m e ro u s  c o n d itio n s  affecting  any 
p a r t o f  th e  g a s tro in te s tin a l trac t can  cause p ro te in  
loss. T he  m ech an ism s by  w h ich  p ro te in  loss occu rs 
are as follow s:

1. M ucosal in ju ry , w ith  o r vvithout in ílam m ation , 
e ro s io n s , o r  u lce rs , le ad in g  to  a p ro te in aceo u s 
exuda te .

2. In creased  ly m p h a tic  p ressu re  lcad ing  to loss o f p ro- 
te in ac eo u s  ly m p h a tic  ílu id  across the  su ríace  ep ithe- 
liu m  in to  the  lu m en .

3. In c reased  v en o u s p re ssu re  (co n stric tiv e  pericard itis , 
severe righ t h e a r t ía ilu re , o r  p o rta l h y p erten s io n ) 
assoc ia ted  w ith  tra n su d a lio n  of p ro te in .

O ften  a sing le d isease  m ay lead  to  h y p o alb u m in en iia  
v ia a n u m b e ro fd iffe re n tm e c h a n ism s . H ypoalbum inem ia 
o cc u rs  w h en  the  n e t p ro te in  lo ss  from  the  gu t cxceeds 
the  ab ility  ơf the liver to sy n th esize  such  p ro te ins.

M ucosal Damage Associated  w ừh 
Inỳĩammation, Erosions, or ưlcers

In tes tin a l in ílam m atio n  is a u b iq u ito u s  íea tu re  of 
m o st in te s tin a l d iseases. The reason  for th is  is th a t w hat-



ever cau ses  th e  in itia l dam age, it re su lts  in  im p a ired  
m u co sa l b a r r ie r  ĩu n c tio n , i.e., in c reased  in te s tin a l per- 
m eab ility . T h e  in te stin a l lu m in a l c o n te n ts , w h e th e r  in  
the  sm all o r la rge bow el, are e x c ep tio n a lly  tox ic  and  
p ro in íla m m a to ry . A ny b reach  in  the  in te s tin a l in te g rity  
is th e re ío re  asso c ia ted  w ith  in te s tin a l in ílam m atio n . If 
the in íla m m a to ry  resp o n se  is su ffic ien tỉy  ro b u s t, it w ill 
invởlve (as a p assive  b y sta n d er) th e  m ic ro c irc ụ la tio n  
w ith  c o n s e q u e n t leakage o f  a lb u m in . In th e  vast 
m a jo rity  o f cases th is  in c reased  lo ss o f a lb u m in  is n o t 
c lin ically  e v id en t an d  can  on ly  be  d e te c te d  by d ire c t 
m e asu rem en t. E ven  w h en  ih e re  is ev id en ce  of 
h y p o a lb u m in e m ia , th is  is o ften  n o t a sso c ia ted  w ith  
any  clin ical sig n s o r sy m p to m s (se ru m  a lb u m in  of
2 5 —34 g /lite r) . H ow ever, w h en  sev ere , the  p e r ip h e ra l 
edem a is u n c o m íb rta b le  an d  p ro b le m a tic  if ca rd iac  
íu n c tio n  is co m p ro m ised . C o m m o n  in te s tin a l b ac te ria  
(Salm oneỉỉa , Shigelỉa , Yersinia , an d  C am pylobacter) o r 
v iru ses  (m easle s  a n d  o th e r  e n te ro v iru se s  an d  ro tav iru s )  
are all a sso c ia ted  w ith  s ig n iíìcan t in te s tin a l in ilam m a- 
tio n , b u t c lin ica lly  s ig n iíìcan t p ro te in  d e íìc ien c y  is ra re  
u n ìe ss  food  in tá k e  is severely  co m p ro m ise d , su c h  as is 
íreq u e n tly  the  case  in  d ev e lo p in g  co u n trie s . C lassical 
in ílam m ato ry  b o w el d isease is  th e  p ro to ty p e  of an  
in ílam m ato ry  c o n d itio n  asso c ia ted  w ith  e ro s io n s  an d  
u lcers. D esp ite  th e  g rea ter in íla m m a to ry  in te n s ity  in 
u lcera tive  co litis , it is CrohĩVs d isease  th a t is m o re  
o íte n  asso c ia ted  w ith  h y p o a lb u m in e m ia , d u e  lo  associ- 
a ted  su rg ica lly  in d u c e d  m a la b so rp tio n  an d  d ec reased  
food in tak e . In te s tin a l p ro te in  loss in  CrohiV s d isease 
co rre la te s  w ith  c lin ical d isease ac tiv ity , su g g estin g  in- 
H am m ation  is the  d riv in g  ío rce  ío r ihe  p ro te in  loss. 
H y p o g am m ag lo b u lin em ia  an d  ce llu la r  im m u n e  defi- 
c iency  m ay  also  cause  p ro te in  lo ss a n d  o ften  have  a 
p re se n ta tio n  s im ila r  to th a t o f C ro h n ’s d isease .

G a s tro in te s tin a l m alignancy , c a rc in o m a , lym - 
p h o m a , K ap o si’s sa rcom a, and  th e  system ic  v ascu litid es  
can  cause s ig n iíìc an t u lc e ra tio n  le ad ìn g  to  m a rk e d  
p ro te in  loss. N o n ste ro id a l a n tiin íla m m a to ry  d ru g  
(NSA ID ) e n te ro p a th y  m ay lead  to  p ro te in  loss a n d  
h y p o a lb u m in e m ia , e ith e r  w ith  o r  w ith o u t th e  p res- 
ence of u lc e ra tio n . T his is n o t an  u n c o m m o n  cause  o f 
h y p o a lb u m in e m ia ; a b o u t 10% of h o sp ita liz e d  p a tie n ts  
w ith  rh e u m a to id  a r th r itis  have  p ro b le m a tic  
h y p o a lb u m in e m ia  d u e  to N S A ID -induced  p ro te in  
loss. It is  o f n o te  th a t N S A ID -induced  e n te ro p a th y  is 
c lin ically  s ilen t. C ỵ to tox ic  ch e m o th e ra p y , v ia  its  effects 
o n  cell tu rn o v e r , m ay  cause lo ss  o f  in te s tin a l ep ith e lia l 
in teg rity , le ad in g  to  in c reased  e x p o su re  o f  th e  m u c o sa l 
im m u n e  sy stem  to lum inal a n tig en s  a n d  th e n ce  to  m u - 
cosal in íla m m a tio n  and  p ro te in  loss.

A n u m b e r  o f d iseases affect the in te g rity  o f the  
m ucosal ce lls a n d  the in te rm e d ia te  cell ju n c tio n s ,

w ith o u t c a u sin g  íran k  ư lceration . T hese in c lu d e  celiac 
d isease  a n d  tro p ica l sp rue . H ere th e  p ro te in  loss follow s 
d is ru p tio n  o f  the  v illous s tru c tu re  and  the su ríace  epi- 
th e liu m . H y p o a lb u m in em ia  is p articu la rly  com m on  and  
severe  in  ư lcerative  je ju n itis . A n u m b e r of o th e r cond i- 
tio n s  also  re su lt in  p ro te in  loss across u n u lc e ra te d  m u- 
cosal su rfaces , in c lu d in g  allerg ic g as tro en te ritis  and  
m ic ro sco p ic  colitis.

In íiltra tio n  o f the m u co sa  by am ylo id  p ro te in  in 
p a tie n ts  w ith  am y lo idosis can  lead  to sign ifican t p ro te in  
loss via th e  g as tro in tes tin a l tract. T hese p a tien ts  often 
have  c o n c u rre n t n ep h ro tic  synd rom e d u e  to  renal dis- 
ease , to  w h ic h  h y p o a lb u m in e m ia  is o ften  a ttr ib u ted .

Gastropathies

T he d ev e lo p m e n t o f g ian t gastric  ío lds is associa ted  
w ith  p ro te in  lo ss in the se ttin g  of a several gastric  dis- 
eases. M e n e tr ie rs  d isease is w idely  recogn ized  as being  
m o st co m m o n ly  associa ted  w ith  s ign ifican t p ro te in  
loss. H y p erp la sia  of gastric  c ryp ts and  superíìc ia l epi- 
th e liu m  o c c u rs  in  asso cia tio n  w ith  rep la ce m en t o f pa- 
r ie ta l ce lls w ith  secre to ry  g la n d u la r  e p ith e liu m , lead ing  
to  h y p o c h lo rh y d ria  and  increased  gastric  m ucosal 
p e rm eab ility .

G a s tro in te s tin a l in fec tion  has b een  re p o rted  to 
cau se  g ia n t g as tric  íolds. In  ch ild ren , c 'y tom egalovirus 
in íe c tio n  h as  b ee n  associa ted  w ith  s ign ifìcan t p ro te in  
loss, b u t  sm all in te s tin a l in v o lv em en t c a n n o t always 
be ru le d  ou t. In íec tio n  w ith  tìeỉicobacíer pỵỉori has 
also  b ee n  assoc ia ted  w ith  the d ev e lo p m en t o f g ian t 
gastric  ío ld s  an d  h y p o alb u m in em ia , b u t th is  is an  ex- 
ce ed in g ly  ra re  co m p lica tio n . E rad ica tio n  o f H. pỵỉori 
le ad s to  co m p le te  reso lu tio n . L ym phocytic  gastritis, 
also  asso c ia ted  w ith  H. p ỵ ỉo ri, m ay also p resen t w ith  
a p ic tu re  o f g ian t m ucosa l folds, p ro te in  loss, and  
h y p o a lb u m in e m ia .

Lỵmphatỉc Obstruction

O b s tru c tio n  o f sm all bow el ly m phatics, te rm ed  
in te s tin a l ly m p h an g iec ta s ia , leads to d ila ta tio n  o f the 
ly m p h a tic  c h a n n e ls  an d  leakage of p ro te in aceo u s 
ly inph  ílu id  in to  the bow el lu m en , resu ltin g  in 
h y p o a lb u m in e m ia . In testin a l lym phang iectasia  can  be 
d u e  to e ith e r  a p rim a ry  or a secondary  d iso rd er o f the 
ly m p h  vessels. R egard less o f the cause , im pa ired  d rain - 
age o f ly m p h  m ay  resu lt in  red u c ed  ab so rp tio n  o f fat- 
so lu b le  v ita m in s  an d  chy lom icrons.

Prim ary Lymphangiectasia

P rim ary  in te s tin a l lym phang iectasia , a congen ita l 
m a ld ev e lo p m e n t o f lym pha tics , resu lts  in  ectatic 
ly m p h  v essels  e i th e r  íocally  o r diffusely in  the gut.



T his  c o n d itio n  is  o ftcn  associaiciỉ NVitli ỉy m p h o re ticu la r 
ab n o rm a litie s  in  o ih e r sysiems, m cỉud ing  the  skỉn. 
W ith in  the  g u t, ecuu ic  ìvnipliaúcs m ay be found  in  
anv  o f the  lay ers  oỉ the bovvcl \vall c o n ta in in g  such  
vessels (m u co sa , su b n u x o sa . and M ibserosa).

T he c o n d itio n  mav ho din ically  s ilen t or p rese n t 
w ith  a c o m b in a tio n  of nausea. bio.uing, an d  ep isodic 
d ia rrh ea . T he d iag n o sịs  is bascd on I he clin ical, ìabora- 
to ry , an d  p ạ th o lo g icđ l ỉindings. in sovere cases, labora- 
to ry  íìnd ings typ icaììv  ^:iow rcdui >ỉ ỉevels of a lbum in , 
im m u n o g lo b u lin s , d r ĩ : in g  íano rs (a lth o u g h  ih is is 
u sua lly  n o t clin icalK  signiíkanO . an d  o th e r  p lasm a 
p ro te in s . B arium  folỉovv-ihrough niav show  th ick en ed  
n o d u la r  m u co sa l fo ìd - . end‘>sívp\ ch aracteristica lly  
show s a ttsnow flake ' pancrn overlying the sm all 
b ow el m ucosa, an d  h h ỉo io g ic a l«\\am in a tio n  show s di- 
la te d ly m p h a tic s , m osi pronuncm i\ ai the tip  of the villi. 
D ila ted  ly m p h  vesscls can also bo d em o n stra ted  on a 
ly m p h an g io g ram , ưsing  m agiuỉic resonance im aging  
(M RI) o r  ra d io n u c liđ e  imaginj». Not unco m m o n ly , 
the  íìrs i su sp ic io n  ol ĩ he cliseasi’ com es írom  sm all 
bow el b iopsy  d o n e  beeause oí m alabsorption .

Secondary Lymphangicclíisui

S econdary  lym phangircta^ ia  m<iy be associa ied  w ith  
a  w ide varie ty  o f causes, rí’iurimj> c ith e r  system ic o r  
local d isease, inc lu d in g  tardiac íailurc, Ịĩortal hyper ten-
s i o n ,  in R ltr a t io n  o f  lo c a l  un d  r c ỹ o n a l  ly m p h  n o d e s  b y  

p rim a ry  o r se co n d a rv  mdlignanc\ Lìtid reactivc in ílam - 
m a to ry  changes associa ied  vviib r  .ỉrc tion  o r in ílam m a- 
to ry  bow el disease.

D IA G N O SIS OF  
PROTEIN-LOSING ENTEROPATHY

D iagnosis is u su a lly  hasecl on Ihe íind ing  o f hypo- 
a lb u m in e m ia  w h en  there is no 01 hi 1' cause for decreased  
p ro te in  p ro d u c tio n  01 incrtascd K»>s from obv ious sites. 
G astro in te s tin a l p ro te in  ỉoss ran  bc m easured  u sing  ra- 
d io iso to p es  ( 31 C r-labeỉcd  a lh u m in ' or p lasm a c lea rance  
o f  O íl-an titrypsin . In  clinical pra^iivC. these tests are n o t 
o ften  p e r ío rm e d  because the dia^nosis is ev iden t from  
th e  se ttin g  o f hypoalburn incn ii ì in í he co n tex t o f a pa- 
t ie n t w ith  gastro in te> iinal sMnpi*>ms an d  c o n c u rre n t 
h is to log ica l an d  r a d i o K ỉ h k i : :i>;s co n sis ten t w ith  
the  d iagnosis . T he ie>i< ■.!■■• Ihe 11 C r-labeled  al-
b u m in  te ch n iq u e , are . ỉ ì o \ \ í r v q u e n t l y  used  for re- 
sea rch  p u rp o se s  to d en ii'11-.uan i:uT;ipeiUic efficacv o r  
to  m o n ito r  d iseasc .

TREATM ENT

T w o p rin c ip les , cỉiagnostic in te rv e n tio n  a n d  n u tr itiv e  
th e rap y , u n d e r lie  the  tre a tm e n t. D iag n o stica lly , it is 
first a p p ro p ria te  to u n d e r ta k e  co rre c tio n  o f  the  u n d e r-  
lỵ ing  cause u sin g  any  ava ilab le  th e rap y . I t is im p o r ta n t  
to asce rta in  w h e th e r  the “in te s tin a l in íla m m a tio r r  th a t 
leads to p ro te in  loss is in  p a r t  d r iv e n  by lu m in a l b a c te ria  
a n d  th e ir  d eg ra d a tio n  p ro d u c ts . In  th e  sm all bow el, 
w h ich  is p red o m in a n tly  p o p u la te d  by  a n a e ro b ic  b ac te - 
ria, m e tro n id az o le  is a log ical tr e a tm e n t, in  p a r tic u la r  
in those  p a tie n ts  w ith  NSAID e n te ro p a th y - in d u c e d  
hy p o a lb u m in em ia . ỉf  th e  p ro te in  loss is  m a in ly  from  
th e  co lo n , a ce p h a lo sp o rin  m ay  b e  b en e íic ia l. S econd , 
it is im p o rta n t to m a in ta in  a p p ro p r ia te  n u tr i t io n  in 
o rd e r  to enab le  p a tien ts  to  th rive .

Nutrition

F o r p a tien ts  w ith  p re d o m in a n t ly m p h  o b s tru c tio n  
(ly m p h an g iec tas ia ), a d ie t th a t is low  in  s a tu ra te d  ía t an d  
h igh  in p ro te in  sh o u ld  b e  en c o u rag ed . M e d iu m -c h a in  
trig lycerides  can  be used  to s u p p le m e n t lip id  in tak e . 
T hese ía tty  acids bypass  ih e  e n te r ic  ly m p h a tic s  an d  
en te r  the  p o rta l system  d irec tly . M e d iu m -c h a in  trig lyc- 
e rid es  havc b een  sh o w n  to  im p ro v e  g ro w th  a n d  re d u c e  
g a s tro in te s tin a l sy m p to m s in  s u c h  p a tien ts . If th e  u n - 
d e rly in g  cause  fo r h y p o p ro te in e m ia  c a n n o t be co r- 
rectecl, a lb u m in  in íu s io n  can  be u se d  fo r sy m p to m atic  
an d  su p p o riiv e  ire a im e n t o f  h y p o a lb u m in e m ia ; how - 
ever, a lb u m in  in íu s io n  s h o u ld  n o t b e  u se d  as a m ean s 
of n u tr itio n a l su p p le m e n ta tio n .

E n te ric  p ro te in  s u p p le m e n ta tio n  u s in g  co m m er- 
cially  availab le su p p le m e n ts  can  be u se d  as re q u ire d , 
b u t m ay n o t be n ecessary  g iven  su ffic ie n t in ta k e  of d i- 
e ta ry  p ro te in  in  th e  íb rm  o f m e a t a n d  o r  o th e r  foodstuffs. 
when oral ca lo ric  an d  n u tr ie n t  in ta k e  is in su ffic ien t to 
m ee t the needs o f th e  p a tie n t ,  su p p le m e n ta ry  p a re n te ra l 
n u tr it io n  m ay be ad m in is te red .
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a s c ite s  E x c e ss iv e  a c c u m u la tio n  o f  ílu id  in  th e  p er ito n ea l 
ca vi ty.

e n te r o p a th y  D ise a se  o f  the sm a ll in te stin e . 
h y p o a lb u m in e m ia  A n  a b n o rm a lly  lo w  c o n c e n tr a t io n  o f  

a lb u m in  in  th e  b lo o d .

P rotein-losing  e n te ro p a th y  in  ped ia tric  p a tien ts  is a path- 
ophysiologie p rocess and no t a speciíìc d isease. Treat- 
m en t req u ires  d iagnosis o f the underly ing  cond ition . In 
m any ỉn stan ces, m aking  the speciíìc d iagnosis and  treat- 
ing  the cond ition  to ta lly  resolve the p rocess of p ro tein- 
losing en tero p ath y ; in  o th e r instances, they do not. The 
sym ptom s o f  p ro te in -losing  en teropathy  m ay include 
vom iting , d ia rrh ea , abdom inal pain , and allergic 
sym ptom s and  the signs include positiona! edem a, íacial 
and  orb ita l sw elling , ankle or leg edem a, abdom inal 
d istension , and  ascites. In  pa tien ts  w ith  congenital or 
p rim ary  in te s tin a l lyinphangiectasia , asym m etric  lym ph- 
edem a m ay be a clue to an underly ing  d iso rd er o f the 
ly inphatic channels. Patients w ith  pro tein-losing  entero- 
pathy  are typ ically  hypoalbum incm ic. T herefore, the ini- 
tial s tep s in eva lua tỉon  are to  determ ine w h e th e r o r no t 
the  in ían t o r ch ild  is su fíering  from  m alnourishm en t, 
w h ich  could cause  thc  hypoalbum incm ia. R outine urinal- 
ysis shou ld  ru le  o u t pro teinem ia as a source o f the 
hypoaibum inem ia , and norm al transam inases, b ilirub in , 
and p ro th ro m b in  tim e sh o u ld  exclude liver d isease as 
the cause.

D EM O N STR A TIO N  OF 
PRO TEIN-LO SING  ENTEROPATHY

R ad io labeled  m acro m o lecu le s , su ch  as l31l-labe led  
p o lỵ v in y lp y rro lid o n e  an d  ^ C r- la b e le d  a lb u m in , w ere 
th e  too ls o rig in a lly  used  to d e tec t p ro te in -lo s in g  en tero - 
p a th y  (PLE) in  a d u lts  and  ch ild ren . H ow ever, because  of 
th e ir  h azard s  a n d  in co n v en ien ce , m ain ly  in  th e  fo rm  of 
io n iz in g  ra d ia tio n , they  are p ro h ib ite d  from  b e in g  used  
in  ch ild ren . " mT c-labeled  h u m a n  se ru m  a lb u m in  for 
sc in tig rap h y  has d e m o n s tra te d  th a t 0.5%  o f an  in trave- 
n o u s  dose n o rm a lly  ap p ears  in stoo l o r u r in e  w ith in  
24 h. S c in tig rap h ic  im ag ing  has b een  u sed  to dem o n - 
s tra te  g a s tro in te s tin a l p ro te in  loss.

M e asu rem en t o f  fecal a l - a n t i t r y p s in  (FoclAT) in  
ra n d o m  s to o l sp ec im en s  h as  b een  sh o w n  to be an  easily 
p e rfo rm e d  test ío r p ro te in -lo s in g  en te ro p a th y  an d  is 
the  te s t m o st vvidely u sed  fo r in ỉa n ts , ch ild ren , and  
a d u lts . F a lA T  is m d e p e n d e n t o f se ru m  levels of 
o c l-an titry p sin  an d  fecal w a te r  c o n ten t. It fulfills the 
c r ite r io n  as a m a rk e r  fo r p ro te in -lo s in g  en te ro p a th y  
a n d  h as  several o th e r  advan tages. It is a se ru m  p ro te in  
a n d  is  n o t fo u n d  in  th e  d ie t. F ecal levels d em o n stra te  
o n ly  protei-n levels e n te r in g  th e  in te stin e  from  the 
in tra v a sc u la r  space. B ecause its m o le cu la r  w eigh t of 
5 0 ,0 0 0  D a is s im ila r to th a t o f  a ỉb u m in , FodA T sh o u ld  
m im ic  th e  b eh a v io r  o f  a lb u m in . B ecause it is a p ro tease  
in h ib ito r ,  i t  is e x c re te d  w ith o u t d eg ra d a iio n  in to  the 
s to o l, an d  u r in e  c o n ta m in a tio n  o f  the  stoo l w ill no t 
in v a lid a te  the  resu lt. T h e  g rea iesi value of the s tudy  
is th a t ù  can  be p e r ío rm e d  o n  ra n d o m  .specim ens and  
is n o t a ííec te d  by u r in e  co n ta m in a tio n .

A n titry p s in  is  e x c re te d  in  tw o form s: alone and  
c o m p le x e d  w ith  th e  enzym e. Levels o f F a lA T  in  stoo l 
a re  s tab le . N in e ty -th re e  p e rc e n t o f th e  F a lA T  rem a in ed  
a fte r 72  h  o f in c u b a tio n  a t 37°c, a llow ing  tra n sp o rt 
p r io r  to  assay. F a lA T  is n o t fo u n d  in gastric  ju ic e  
a n d  is  d es tro y e d  in  vitro  a fte r  1 h  o f in c u b a tio n  at 
3 7 °c  in  gas tric  ju ic e , b u t  n o t in  d u o d e n a l ju ice .

B ecause m e co n iu m  c o n ta in s  h ig h e r  levels o f a lA T  
th a n  d o es  s to o l, th is  te c h n iq u e  is n o t rec o m m en d e d  in  
in ĩa n ts  y o u n g e r  th a n  1 w eek  o f  age.

T h is  s im p le  ac cu ra te  te s t h a s  b ro a d e n e d  the  n u m b e r  
o f d iso rd e rs  in  w h ich  p ro te in -lo s in g  e n te ro p a th y  is 
foư nd . F u rth e rm o re , its d e te rm in a tio n  h as  m ade clin i- 
c ian s aw are  th a t a n o rm a l s e ru m  a lb u m in  does n o t p re- 
c lu d e  th e  p resen ce  o f p ro te in -lo s in g  en te ro p a th y , since 
in  o n e  se ries  24%  of p a tie n ts  w ith  PLE had  n o rm al se ru m  
a lb u m in  levels.

T h o se  p a tie n ts  w ith  h y p o a lb u m in e m ia  an d /o r  
e d em a g en e ra lly  have 5 to 10 tim es th e  ra te  o f p ro te in  
e x c re tio n  fo u n d  in  th o se  w ith  n o rm a l se ru m  a lb u m in  
levels a n d  PLE.

P ro te in -lo s in g  e n te ro p a th y  in  in fan ts  and  ch ild ren  
can  be d iv id e d  in to  tw o b ro a d  categories: those cond i- 
tio n s  asso c ia te d  w ith  m u c o sa l e ro s io n  o r  u lce ra tio n  and  
th o se  c o n d itio n s  as so c ia te d  w ith  ly m p h a tic  o b stru c tio n .



D iso rders  associa ted  w ith  m ucosa l e ro sio n  o r u lc e ra tio n  
m ay be fu rth e r d iv ided  in to  those  cau sed  by in íec tio n s  
an d  those a ris in g  from  n o n in fec tio u s  causes.

INFEC TIO U S CA USES OF 
PROTEIN LO SING  ENTEROPATHY

G astro in tes tin a l in íe c tio n s  th a t typ ically  are associa ted  
w ith  m ucosa l e ro s io n s  o r u lc e ra tio n  o r w ith  dam age 
to en tero cy te s  o r co lo n o cy te s  d isp lay  p ro te in -lo s in g  
en te ro p a th y  (see T ab le I).

F a  1AT is tran s ien tly  increasecl in ro tav iru s  d ia rrh ea  
and  its inc rease  is re la ted  to  the  severity  of d ia rrh ea  and

TABLE I Pathologic M echanism s and  Their 
M aniíestations for P rotein-Losing E nteropalhy  in  
In ỉan ts and C h ild ren

M ucosal ero sio n  or u lceration
In íectiou s

C ìostriả ium  difficiìe  
cIosthảium pcrfìringcns 
C ytom egalovirus 
Rotavirus 
M easles 
Giardia ìambìia 
strongyỉoỉdes stercoralis 
S alm on ellosis  
S h igellosis  
C am pyỉobacteria  
Escherichia coìi 

N on  Ín íectious
A llergic gastroenteropathy  
E osin op h ilic  gastroenteritis 
A n astom otic u lcera tion s/isch em ia  
A topic derm atitis 
Burns
G astroesophageal reflux  
G lu ten -sensitive en teropathy  
G rafi-versus-host d isease  
H en ocb -Schoen le in  purpura  
Inílam m atorv bow el d ỉsease  
M ultip le p o ly p o sis  
N ecrotiz in g  en teroco litis  
Sysiem ic lu p us erythem atosus

L ym phatic  ob stru ction  
Intestinal ỉvm phangiectasia  
A rsenic p o ison in g  
Fam ilial 
Heart d isease  
N ep h rotic  syndrom e  
N o o n a n s  syndrom e  
Primary
C irrhosis w ith  porial hvpertension  
IVC throm b osis post-OLT

its d u ra tio n . O th e r  v ira l in íe c tio n s , su c h  as cy to m eg a- 
lov iru s, can cause p ro ĩo u n d  h ỵ p o a lb u m in e m ia  an d  
edem a by in ju ry  to  b o th  sm all in te s tin a l e p ith e liu m  
and  co lo n ic  ep ith e liu m .

P arasites su ch  as G iardia lam blỉa  an d  Strongyloides  
stercoralis can  also  cause  severe PLE. T hese  in íe c tio n s  
can  p ers is t u n le ss  th e  d iag n o sis  is m ad e  by  e x a m in in g  
sloo ls for the p a ra site  o r its an tig en  an d  a p p ro p r ia te  
tre a tm e n t is given to e rad ica te  them .

C lostridium  dỉfficiỉe  an d  C lostridium  per/ringens  can  
also cause PLE. E ith e r id en tiíy in g  th e ir  to x in s  o r g row - 
ing  the  o rg an ism s w ill h e lp  to id e n tiíy  th e m  as th e  cause .

Shigellosis, S alm onellosis , an d  C am pỵlobacter  in íec- 
tions all can  cause PLE because ihey  p ro d u c e  to x in s  
th a t dam age sm all in te stin a l a n d /o r  co lo n ic  m ucosa . 
A lth o u g h  these  in fec tio n s  m ay be se lf-lim ited , th o se  
p a tie n ts  w ith  m ore  severe in íe c tio n s  are lik e ly  to d isp lay  
p e rs is te n t signs an d  sym ptom s.

N O N IN FE C T IO U S INFLAM M ATORY  
DISO RDERS TH AT CAUSE  
PROTEIN-LO SING  ENTEROPATHY

A llergic g as tro e n te ro p a th y  o r eo s in o p h ilic  g as tro e n te r-  
itis ís an  en tity  th a t typ ically  p re se n ts  afte r th e  first 
6 m o n th s  of life. A lthough  m ost cases m a n iíe s t d u r in g  
in íancy , it can  d ev e lo p  a t a lm osi any  age. T hese  p a tie n ts  
are typ ically  ch a rac te rize d  as h av in g  h y p o a lb u m in e m ia , 
p e rip h e ra l e o s in o p h ilia , the  p resen ce  o f C h a rc o t-  
Leyden crysta ls  in  stoo l, iro n  defic iency  an em ia , an d  
e leva ted  im m u n o g lo b u lin  E levels. T hey  m ay  have 
associa ted  a s th m a , eczem a, an d  a llerg ic rh in itis . G astro - 
in te s tin a l sy m p to m s m ay  in c lu d e  v o m iting , d ia rrh e a , 
a n d  ab d o m in a l pain .

In  in ían ts , m ilk  p ro te in  m ay be the  p re d o m in a n t 
p ro te in  tha t cau ses the  in ịu ry . H ow ever, in  so m e ind i- 
v idua ls, m u ttip le  p ro te in s  m ay be resp o n sib le  for the 
c o n d itio n  and  d ie ta ry  re s tr ic tio n  m ay be very  d ifficu lt to 
accom plish . ư su a lly , if the  p ro te in  resp o n sib ỉc  for the 
a llergy  is rem oved  from  the  d ie t, the in ju ry  is rev ersed  
and  the  m a rk e rs  o f in ju ry  r e tu rn  to  n o rm a l values. 
C o rtic o s tc ro id s  can be used  to b lo ck  th e  irỳ u ry  an d  
reverse the  p ro te in -lo s in g  e n te ro p a th y  b u t co rtico - 
ste ro id  use is n o t a good  lo n g - te n n  so lu tio n .

A n asto m o tic  u lc e rs  fo llow ing  d ista l sm a ll bow el re- 
se c tio n  cause  re c u rre n t iro n  de íìc iencv  an d  PLE w ith  o r 
w ith o u t h y p o a lb u m in em ia .

T w enty-five p e rcen t of p a tie n ts  u n d e rg o in g  bone 
m arro w  tra n sp la n ta tio n  d ev e lo p  g ra ft-v e rsu s-h o st 
d isease  inv o lv in g  th e  in te stìn e . It is typ ically  associatecỉ 
w ith  a severe vvaterv d ia rrh ea . O ne m u st m ak e  ce rta in  
th a t th e re  are  no  assoc ia ted  in íec tio n s , su ch  as



c y to m eg a lo v iru s  e n te ro c o litis , in th is  type oí p a tien t; 
th is  in íe c tio n  is c u ra b le  w ith  gancic lov ir.

In ílam m ato ry  bow el d isease  is an  im p o r ta n t cause of 
p ro te in -lo s in g  e n te ro p a th y . T he severity  of 
h y p o a lb u m in e m ia  a n d  th e  degree  o f  p ro te in  loss are 
g rea te r in  p a tie n ts  w ith  C ro h n ’s d isease  th a n  in those 
vvith u lce ra tiv e  co litis  a n d  g rea ter in  those  w ith  diffuse 
sm all bow el d isease  th a n  in  those  w ith  lim ited  sm all 
bow el o r  co lo n ic  d isease .

At least h a lf  o f  all p a tie n ts  w ith  C ro h n s  d isease 
have h y p o a lb u m in e m ia . M any m ore p a tien ts  w ith  no r- 
m al se ru m  a lb u m in  levels also have p ro te in -lo s in g  
en te ro p a th y .

C eliac d isease  o r  g lu te n -sen sitiv e  en te ro p a lh y  is also 
associa ted  vvith p ro te in -lo s in g  en te ro p a th y  b ecau se  o f 
the  dam age to the  v illo u s  s lru c tu re  of the  sm all in testine . 
I t m ay be m ild  o r  sev ere  d e p e n d in g  o n  the  ex tern  o f the  
d am age to th e  sm a ll in te s tin e  an d  the  leng th  o f tim e 
the  dam age has p ers is ted . ĩt  is reversib le  w ith  
aclherence to a s tr ic t g !u ten -free  d ie t. W ith in  14 clays 
o f  the  p a tien t in it ia t in g  the  d ie t, the  p ro te in -lo s in g  
e n te ro p a th y  m ay  b e  reversed .

N ec ro tiz in g  e n te ro c o li tis  m ay be associa ted  w ith  
PLE b ecau se  o f  th e  d am ag e  to the sm all in te slin e  and  
co lon  ca u se d  by  th e  d ise ase  p rocess.

M u ltip le  ịu v e n ile  p o ly p o s is  sy n d ro m e  w ith  ch ro n ic  
b lo o d  loss an d  p ro te in -lo s in g  en te ro p a th y  has been  de- 
sc rib ed . T hesc c h i ld re n  typ ically  p rese n t in in íancy . 
T h ey  h av e  a p o o r  p ro g n o s is  because o f the h u n d re d s  
o f  p o ly p s  o c c u rr in g  th ro u g h o u t the  co lo n , sm all in tes- 
tine , an d  sto m ach .

It is u n c le a r  w h y  b u rn  v ic tim s have in c reased  F a l  AT 
levels. T h e  level o f  e lev a tio n  even  in  sevcrely  b u rn e d  
c h ild ren  is n o t g rea t. T h e  c lin ica l im p o rta n ce  is unclear.

T h ere  are a v a rie ty  o f  o th e r  co n d itio n s  rare ly  asso- 
c ia ted  w ith  PLE b ư t in  all o f  these c o n d itio n s  the char- 
a c te ris tic  ĩea tu ré  is th e  p resc n ce  o f an  in ílam m ato ry  
process.

LYMPHATIC O BST R U C TIO N

In te s tin a l ly m p h a n g ie c ta s ia  describes  a g ro u p  o f cond i- 
tio n s  in  w h ich  d ila tio n  o f the  lacteals, the  íine , th in - 
w alled  ly m p h a tic  c h a n n e ls  e x ten d in g  u p  in to  the 
sm a ll bow el villi, re su lts  fro m  o b s tru c tio n  o f  the  flow 
o íly m p h  th ro u g h  th e  th o ra c ic  d u c t an d  in to  the su p e rio r  
vena cava. Fat in ta k e  lead s to íu r th e r  d is ten s io n  an d  
ru p tu re  o f  the  lac tea ls , re su lt in g  in  s te a to rrh e a  and  
d ra in a g e  o f ly m p h  in to  th e  in te s tin e . T he resu ltin g  
loss o f p ro te in , Iv m p h o cy tes , an d  im m u n o g lo b u liĩis  ul- 
tim ate ly  leads to h y p o a lb u m in e m ia , ly m p h o p e n ia , an d  
h y p o g am m ag lo b u lin e m ia .

In te s tin a l lym p h an g iec tasia  m ay be p rim a ry  o r  sec- 
o n d ary  to  o th e r  causes o f  ly in p h a tic  o b s tru c tio n  (see 
Tablc II). A varie ty  o f  íam ilia l fo rm s w ith  in te s tin a l 
ly m p h an g iec ta sia  have been  described . Som e have 
b ee n  d esc rib ed  w ith  asym m etrica l ly m p h ed em a in  ad- 
d itio n  to in te s tin a l lym phang iectasia .

T he h y p o a lb u m in e m ia  an d  ly m p h o p e n ia  m ay be re- 
versed  if the  p a tien t re sp o n d s  to d ie ta ry  therapy . Pa- 
tie n ts  w ith  lvm p h an g iec tasia  m ay have an  increased  
r isk  o f in fec tio n  w hen  u n tre a te d  se co n d a ry  to the  loss 
of g am m ag lo b u lin  an d  im m u n o cy tes . O th e r  p a tien ls  
w ith  N o o n an 's  sy n d ro m e have b een  d escrib ed  w ith  m ul- 
tiíoca l ly m p h a tic  dysp lasia . Som e b u t n o t all o f these 
p a tien ts  re sp o n d  to a d ie t low  in  lo n g -ch a in  trig lycerides 
(LC T) th a t p ro v id es less th a n  10% o f thc  lip id  as LCT 
an d  receives it as m ed iu m -ch a in  trig lycerides. H ow ever, 
in  rare  cases, d ie ta ry  re s tr ic tio n s  o f  fat even belơNv that 
level d id  n o t h e lp  reverse  the  h y p o a lb u m in e m ia  an d  
lym p h o p en ia . A rare  case of a rsen ic  p o iso n in g  has 
also b ee n  associa ted  w ith  PLE.

TABLE II In testinal L ym phangieetasia— D isorders 
A ssociated  w ith  E nleric Protein  Loss, Lym phopenia, 
and H ypoalbum inem ia

Primary intcstinal lymphangieGtasia 
Isola ied
A ssociated  w ith  lym phatic abnorm alities  

elsevvhere in the body  
Secondary in testinal lym phangiectasia  

C ardĩovascular anom alies  
C on gcstive  heart failurc 
C onstrictive pericardỉcis 
B u d d —Chiari syndrom e  
G lenn shunt  
F onian  procedure  
Superiơr vena cava throm bosis  
Inĩerior vena ca va throm bosis  

M ésenteric lym p h alic  in vo lvem en t  
Lym phom as 
T u b ercu losís  
Sarcoidosis  
R adiation therapy  
V olvu lu s  

Intestinal inA am m atory d iseases  
System ic lu p u s erythem atosus  
T u b ercu losis  
B ehẹet’s svndrom e  
Crohn's d isease  

Drugs 
A rsenic
C hem oLherapeuãc agents  

T horacic d u ct ob literation  
Iatrogenic  
M ediastinal tum or



C ardiac d iso rd ers  o r su rg ica l p ro ced u res  resu ltin g  
in  tran sm issio n  of elevated  p ressu re  from  the righ t 
a triu m  in to  the su p e rio r  vena cava an d  thorac ic  duct, 
in c lu d in g  clin ically  s ilen t constric tive  pericard itis , have 
been  associa ted  w ith  the  d ev e lo p m en t o f in testinal 
lym phangiectasia .

E arly survival after the  F o n ta n  o p era tio n  for a single 
ven tric le  has im proved  su b stan tia lly  since its incep tion ; 
how ever, la te-te rm  co m p lica tio n s co n tin u e  to  be prob- 
lem atic. O ne such  co m p lica tio n  of PLE is seen in  3 to 
15% of p a tien ts  w ith  F o n tan  p ro ced u res . R ecently  so me 
investiga to rs have sh o w n  th a t increased  m esen teric  vas- 
cu lar resis tance  is cha rac te ris tic  o f those w ith  F o n ta n ’s 
and PLE.

R ecent s tu d ies  have show n th a t po rta l hy p erten sio n  
in  som e p a tien ts  w ith  c h ro n ic  liver d isease m ay resu lt in 
PLE. T he elevated  p o rta l p ressu re  m ay lead to secondary  
in te stin a l lym phang iectasia . Reversal of th is phenom e- 
n o n  has been  observed  after liver tran sp lan taú o n .

O b stru c tio n  to  h ep a tic  v en o u s  ou lflow  as occu rs in  
B udd-C hiari syn d ro m e can also cause PLE as can infe- 
r io r vena cava occ lu sio n  fo llow ing o rth o lo p ic  liver 
tran sp lan la tio n .

C h ild ren  w ith  the  rare  co n d itio n  of h y p ertro p h ic  
gas tropa thy  or M en e trie r’s d isease (also k n o w n  as tran- 
s ien t h y p ertro p h ic  g as tropa thy ) p rese n t w ith  abdom inal 
p a in  an d  vom iting . T hey  g radualiy  develop  edem a and 
ascites. The cause of som e of these cases has been  
suggested  to be allergy and  o th e r cases ap p ear to be 
caused  by  cy tom egalov irus in íection . C ases o f tran s ien t 
h y p ertro p h ic  g as tro p a th y  have been  described  in  chil- 
d ren  w ith  Helicobacter pỵlori in íections.
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Proton Pump Inhibitors
J ai M o o  S h in  a n d  G eo r g e  Sa c h s
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gastric H f ,K+-ATPase A P2-type ion-motive ATPase enzyme 
that carries ou t an electroneutral exeh an ge  o f cytoplas- 
m ic protons for extracytoplasm ie potassium . 

om eprazole The prototypical, clinically used prototi pump 
inhibitor.

proton pump inhibitor An inhibitor of gastric H 1 ,K 1- 
ATPase activity.

Proton pump inhibitors make up a class o f com pounds  
that inhibit gastric H+ ,K+-ATPase activity and thereby  
inhibit gastric acid secretion. C ontrolling acid secretion  
is important in healing gastric ulcer, peptic ulcer, and 
related diseases. Gastric acid is secreted from the parietal 
cell on  stim ulation by histam ine, acetylcholine, and gas- 
trin. These stim ulants change the m orphology o f the pa- 
r ie ta l cell from  th e  resting State to  the stim u la ted  State 
with relocation o f the gastric H 1 ,K f -ATPase from the tu- 
bular vesicles to the apical canalicular m em branes. The 
gastric H+ ,K 1 -ATPase transports H 1 (H 30 +) ion from the 
cytoplasm ic region to the lum en with the exchange o f K+ 
from the lumen to the cytoplasm ic side. The gastric 
H f ,K7-ATPase con sists o f two subunits: one is  the a-sub- 
unit, com posed o f approxim ately 1034 am ino acids, and 
the other is the P-subunit, w hich  has approxim ately 290  
am ino acids and s ix  or seven N -linked glycosylation sites  
depending on species. The H+ ,K+-ATPase a-subunit has 
10 transmembrane segm ents and the (3-subunit has 1 
transmembrane segm ent. lnhibition  o f th is acid pump  
enzym e is known to be the m ost effective therapy for 
controlling gastric acid secretion.

IN T R O D U C T IO N

T he p ro to n  p u m p  in h ib ito rs  (P P ls) can  be classified  
in to  tw o g roups: irre v ers ib le  a n d  rev e rs ib le  in h ib ito rs . 
Irrev e rs ib le  c o v a le n t in h ib ito rs  a re  e ith e r  su b s titu te d  
2 -(p y rid in e ra e th y lsu lfm y l)b e n z im id a z o le s  o r  a s im ila r  
s tru c tu re , p y rid y lm e th y lsu líin y l p y rid o -in iid a zo le , 
w h ic h  in h ib it th e  p u m p  en zy m e by  co v a le n tly  b in d in g  
to th e o c-su b u n ito f th e H + ,K+ -A T Pase. R e v e rs ib le p ro to n  
p u m p  in h ib ito rs  a re  m ostly  K ^ -c o m p e titiv e  in h ib ito rs , 
w h ic h  in h ib it th e  g as tric  H ^^K ^-A T P ase ac tiv ity  b y  com - 
p e tin g  w ith  p o ta ss iu m  ions.

S ince a su b s titu te d  b en z im id az o le  w as íirs t re p o r te d  
to in h ib it the H ^^K ^-A T P ase, m a n y  P P ls have b e e n
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F1GURE 1 Chemical structure of irreversible proton pump 
inhibitors in clinical use.

sy n th esized  an d  are  now  in  clin ical use. T ypical p ro to n  
p u m p  in h ib ito rs  in  c lin ical u se  are lis ted  in  Fig. 1.

IRREVERSIBLE COVALENT  
BIN D IN G  INHIBITORS

T im o p razo le  w as th e  first co m p o u n d  th a t w as íò u n d  to 
in h ib it th e  gastric  H + ,K+-ATPase by cova len t b ind ing . 
T his co m p o u n d  is 2 -(p y rid y lrn e th y l)su lfin y lb en z im id a- 
zole. T he íìrs t p u m p  in h ib ito r  u sed  clin ically  was 
om eprazo le  (2 -[[3 ,5 -d im eth y l-4 -m e th o x y p y rid in -2 - 
y l] m ethylsulfinyl] -5 -m ethoxy-1 H -benzim idazole). Com - 
p o u n d s  in  th is  class are ac id -ac tiv a ted  p ro d ru g s. 
F o r exam ple , o m ep razo le , due to b e in g  a w eak  base, 
accu m u la tes  in  the ac id ic  space o f th e  p arie ta l cell 
and , by  ac id -ca ta lyzed  rea rran g e m en t, becom es a 
th io l-reactive  ca tio n ic  su lfenic ac id  a n d /o r  su lỉen am id e  
th a t b in d s to cysteinyl-SH  g ro u p s  to  form  d isu líid es  as 
show n  in  Fig. 2. T he ac tiv a tio n  is in itia ted  by th e  p ro - 
to n a tio n  o f the p y rid in e  n itro g en , w h ic h  is follow ed by 
tran síe r o f th is  p ro to n  to the b en z im id azo le  n itrogen , 
vvhich th e n  inc reases  th e  e lec tro p h ilic  reactiv ity  of 
the C-2 o f th e  b enzim idazo le . N ow  py rid in e  is ready 
to a ttac k  th is  2 -p o sitio n  ca rb o n  o f b enz im idazo le  to 
form  su lfen ic  acid , w h ich  th en  rea rran g e s  to form



E n z -S

Ri r 2 r 3 R4
Omeprazole -O CH 3 —c h 3 -O C H 3 - c h 3
Pantoprazole -O C H F? -0C H 3 -O C H 3 - H
Lansoprazole -H - c h 3 - o c h 2 c f 3 -H
Rabeprazole -H - c h 3 -O CH rCH 2CH2OCH 3 -H

F IG U R E  2  M echanism  o f  action  of irrcversible proton  pum p  
inhibitors. Proton purap inh ib iior, a subsíitutecl b en zim id azole  
com pound , accum ulates in the aciclic lu iĩien  and is converted  10 
active su ỉíen ic  acid and (or) su lĩenam ide. w h ich  bincl(s) extra- 
cvtoplasm ic cysteines o f  the gastric H +,K * -ATPase.

sư líenam ide. The th ree  o th e r p ro to n  p u m p  in h ib ito rs , 
ìansoprazo le, p an to p razo le , and  rabep razo le , also un- 
dergo sim ilar ac id -ca ta lyzed  rea rran g em en t to íb rm  ac- 
tive su lfenic acids a n d /o r  su líenam ides. A lth o u g h  all of 
the  p ro to n  purnp  in h ib ito rs  accum ulate  in the secreto ry  
canalicu lus oí the s tim u la ted  parie tal celỉ by v irtu e  of 
being  p ro to n atab le  w eak bases, they shovv v a ria tio n  in 
the ratc  of acid  ac tiva tion . T he rate of acid  ac tiv a tio n  is 
fastest for rabep razo le , equaì for o m ep razo le  an d  
lansoprazo le, and  slow est for pan top razo le . A lso, sub- 
s titu ted  benzim idazo le  in h ib ito rs  show ed  sligh tly  dif- 
ferent effects d ep e n d in g  on  the in h ib ito r s tru c tu re . F or 
in stance, o m ep razo le -b o u n d  enzym e is lavored  in the 
E2 form . A no ther in h ib ito r , rabeprazo le  (E 3 8 1 0 ), 2-Ị Ị4- 
(3 -m e th o x y p ro p o x y )-3 -m eth y lp v rid in -2 -\ 1] m ethvlsu l- 
f in y lỊ-lH -benz im idazo le , stabilizecl the  Ei form  o f the

enzym e after b in d in g . It is claim ed th a t the K ^ -depen - 
den i d e p h o sp h o ry la tio n  from  the  p h o sp h o en zỵ m e 
w as in h ib ite d  in  th e  ra b e p ra zo le -b o u n d  enzym e bu t 
no t in  th e  o m e p ra zo le -b o u n đ  enzym e, w hcreas 
p h o sp h o e n zy m e fo rm a tio n  in  the absence of K + w as 
in h ib ited  in  b o th  the E 3810- and  the  om eprazo le - 
b o u n d  enzym es.

O m ep razo le  b in d s  to cysteines in  the  ex tra- 
cy top lasm ic reg ions o f M 5/M 6 (C ys-813) an d  M7/M.8 
(C ys-892). P an to p razo le  b in d s  on ly  to  the  cysteines in  
M 5/M 6, C ys-813  a n d  C ys-822, a n d  lansop razo le  
b in d s  to Cys-321 in  M 3/M 4, to C ys-813  in  M 5/M 6, 
an d  to C ys-892  in  M 7/M 8. T hese d a ta  suggest tha t, of 
the 28 cys te ines in  the  a  su b u n it, on ly  the cysteines 
p re se n t in the M 5/M 6 d o m a in  are im p o rta n t for inh ib i- 
tion  o f ac id  se c re tio n  by the  PPIs.

In teres ting ly , th e  h a lf-tim e  o f recovery  o f ac id  secre- 
tio n  in  ra ts  fo llow ing  o m ep razo le  tre a tm e n t w as m ea- 
su red  to be ~ 1 5 h ,  w h ereas p u m p  p ro te in  half-life is 
54 h. If o m ep razo le  b in d in g  to th e  gastric  H+ ,K +- 
ATPase is irrev ersib le , recovery  of acicỉ sec re tio n  after 
om eprazo Ie  in h ib itio n  sh o u ld  be s im ila r to de novo 
sy n th esis  o f p u m p  p ro te in , i.e., ap p rơ x im a te ìy  54 h. 
T he sh o r te r  half-life o f ac id  sec re tio n  recovery  com - 
pared  to the half-life of p u in p  enzym e suggests tha t 
th e re  m ust be d isu líìd e  cleavage b e tw een  the p u m p  en- 
zym e an d  the  b o u n d  o m ep razo le  m o ie ty  an d  reactiva- 
tio n  ol in h ib ited  p u m p . In  h u m a n s, the halí-liíe  of 
the  in h ib ito ry  effect o n  ac id  secre tio n  is ~ 2 8 h  íor 
om ep razo le  an d  ~  46  h  for p an to p razo le . O nly  
p an to p ra zo le  shovved a half-life o f  a d u ra tỉo n  sim ilar 
to  th a t oí a p ro te in  half-life. It w as sh o w n  tha t recovery  
of acicl se c re tio n  fo llow ing  in h ib itio n  by all PPIs o th e r  
th a n  p an lo p ra zo le  m ay d e p e n d  on b o th  p ro te in  tu rn - 
over a n d  reversaì o f th e  in h ib ito ry  d isu lfide  b o n d . In 
co n tra s t, recovery  o f  ac id  sec re tio n  afte r pan to p razo le  
m ay d e p e n d  en tire ly  o n  n ew  p ro te in  syn thesis.

A n o th er tvpe o f irrev ersib le  p ro to n  p u m p  in h ib ito r  
is the  p y rid in y lm eth y lsu ìfin y l im id azo p y rid in es, such  
as T ư - 199 an d  an ilin o m e th y lsu líìn y l benzim idazo le. 
N e ith e r ìs yet availab le for c lin ical usc.

K+-COM PETITIVE INHIBITORS

K ~ -cọm petitive  in h ib ito rs  can  be th o u g h t of as acid 
p u in p  an tag o n is ts . T hese  an tag o n is ts  co n ta in  p ro to n at-  
able n itro g e n s  b u t have a varie tv  o f co re  s tru c tu re s . O ne 
ty p e  is re p re s e n te đ  by  th e  iiT iid azo p y rid in e  d e riv a tiv e s  
such  as S C H 28080; o th e rs  are p ip erid in o p y rid in es , 
su b s titu te d  4 -p h en y la m in o q u in o lin es , p y rro lo  [ 3,2- 
c lq u ín o lin e s , g u an id in o -th iazo le s , 2 ,4 -d iam inopyrim i- 
d in e  deriva tives, a n d  scopadu lc ic  acid.



S C H 28080 , a s u b s t i tu te d  im id a z o [ l ,2 a ]  p y r id in e , is 
the  b es t d e íìn ed  c o m p o u n d  a m o n g  o th e r  rev e rsib le  
p ro to n  p u m p  in h ib ito rs . SCH 2 8 080 , 3 -cy a n o m eth y l-  
2 -m ec .h y l-8 -(p h en y lm e th o x y ) im id a z o [l,2 c z ]p y r id in e , 
in h ib ú e d  th e  H " ,K f -A TPase c o m p e titiv e lv  w ith  
K" . I t  b in d s  to frce enzym e e x tra cy to p la sm ica llv  in 
th e  ab sen ce  o f su b s tra te  to  fo rm  E 2(SCH  28 0 8 0 ) 
com plexes. SCH 2 8 0 8 0  o cc u p ie s  th e  sam e space in 
the  lu  m en  w h ere  o m e p ra zo le  b in d s . S C H 28080  in h ib its  
A TPase ac tiv ity  w ith  h ig h  affin ity  in  th e  ab sen ce  o f 
K+ . SCH 2 8080  h as  n o  effect o n  sp o n ta n e o u s  clephos- 
p h o ry la tio n  b u t in h ib its  K ^ -s tim u la te d  d e p h o sp h o ry -  
la tio n , p re su m a b ly  bv ío rm in g  a E 2-P • [1] co m p lex . 
H en ce , SCH 2 8080  in h ib iis  K +-s tim u la te d  A TPase ac- 
tivity  by c o m p e tỉn g  w ith  K + for b in d in g  E 2P. S teady  
State p h o sp h o ry la t io n  is also  re d u c e d  b y  SCH 2 8 080 , 
shovving th a t th is  c o m p o u n d  also  b in d s  to  the free 
enzym e. At p re se n t, n o  ac id  p u m p  an ta g o n is l is avail- 
able for c lin ical usc b u t som e are in đ ev e lo p m e n t.

CLINICAL USE

P ro to n  p u m p  in h ib ito rs  a re  o ra lly  ac tive  a n d  u sed  for 
the  th e rap y  o f gas tric  u ỉcer, d u o d e n a l u lcer, gast.ro- 
esophageal re ílu x  d isease , Z o llin g er-E lliso n  sy n d ro m e , 
an d , co m b in ed  w ith  a n tib io ũ c s , fo r c ra d ic a tio n  o f 
Heìicobacíer pyỉori. T he p r im a ry  effect o f these  p ro to n  
p u m p  in h ib ito rs  is gas tric  acid  su p p ress io n . T he đeg ree  
o f ac id  s u p p re s s io n  c o rre la te s  w ith  h ea lin g  ra te s  for 
re íỉu x  eso p h ag itis  a n d  p e p tic  u lcer. R ab ep razơ le  is 
fast-acting  w ith  p a in  re lie í. P a n to p ra z o le  sh o w s a lo n g e r  
half-tim e o f re s to ra tio n  o f  acid  se c re tio n . O m ep ra zo le  
an d  p an to p ra z o le  sh o w  an  in c rease  in  ac id  in h ib ito ry  
effect over severa l days o f re p e a te d  ad ra in is tra tio n . 
L an so p razo le  sh o w s m ax im al in h ib itio n  afte r the  fìrst 
day. T hcrc is  p o o r  c o rre la tio n  b e tw c c n  m ax im a l p la sm a  
d ru g  c o n c e n tra tio n  (C max) a n d  th e  deg ree  o f acid  
su p p ress io n . ĩn s te a d , th e  area  u n d e r  th e  p la sm a co n cen - 
t r a t io n —tim e  cu rv e  (AƯ C) c o rre la te s  w ith  acid  su p p res-  
sion . A m ong p ro to n  p u m p  in h ib ito rs , o m e p ra zo le  20 m g 
an d  rab e p ra zo le  20 m g  sh o w ed  a s ig n iíìc an tly  lo w er 
Aưc than  p a n to p ra z o le  20 an d  40  n ìg  a n d  la n so p ra zo le  
30 m g. Hcnvever, all p ro to n  p u m p  in h ib ito rs  u se đ  c lin - 
ically , o m e p ra zo le , la n so p ra z o le , p a n to p ra z o le , an d  
rab ep razo le , sh o w  a p p ro x im a te ìy  eq u iv a le n t p o te n cy  
for gastric  a c id  su p p re ss io n . P a n to p ra z o le  is ava ilab le  
for in tra v e n o u s  u se  an d  is u se d  to  su p p re ss  ac id  secre- 
tio n  in  in ten siv e  care s itu a tio n s .

All p ro to n  p u m p  in h ib ito rs  a rc  ex tcn siv e ly  m etab - 
o lized  in liv e r by P 450  c y to ch ro m es . P eo p le  w ith  he- 
p a tic  im p a irm e n t have sh o w n  a 7- to  9-1'old in c rease  in  
the  AUC w ith  a p ro lo n g a tio n  o f the p la sm a  half-Iife to

4 —8 h. A p p ro x im ate ly  3% o f the p o p u la tio n  w ith  a gc- 
ne tic  p o ly m o rp h ism  a re  p o o r m etabo lizers an d  show  a
5- to  10-fo ld  in c rease  o f Aưc. E lderly  people show ed  a 
5 0 —100%  increase  in  the  A ư c  since hepa tic  m etabolism  
w as poo r. All ío u r p ro to n  p u m p  in h ib ito rs  are m etab- 
o lized  m a in ly  by CYP 2C 19 an d  CYP 3A4. C Y P2C 19 
g en e ra te s  h y d ro x y la tio n  of p ro to n  p u m p  in h ib ito r, 
w h ich  is resp o n sib le  for 80%  of c learance in  the  case 
o f o m e p ra zo le . CYP 3A 4 generates su lĩo n y la lio n  of prơ- 
ton  p u m p  in h ib ito rs .

R e ce n tly , S -om eprazo le  becam e available for clin ical 
use. O m ep razo le  is a racem ate  consisting  of S- and 
R- en a n tio m ers . T he R -form  of om eprazo le  is sensitive 
to  CYP 2C 1 9  and  CYP 3A4 enzym es an d  the  S-form  is 
less se n sitiv e  to  these  CYP enzym es. S -om eprazole has  a 
lo n g e r  p la sm a half-life than  om eprazo le , p ro v id in g  
lo n g e r acid  su p p ress io n .

Acid su p p re ss io n  co rre la tes  w ith  hea ling  ra tes for 
re ílux  eso p h ag itis  an d  pcp tic  ulcer. G ood hea ling  for 
re ílux  eso p h ag itis  w as achievecl w h en  the in tragastric  
pH  w as g rea le r  th an  4  for 16 lì/day and  h ea ling  for pep tic  
u lc e r w as bes t ach iev ed  w hen  the in tragastric  pH  was 
g rea te r  th a n  3. In  p a tie n ts  w ith  reílux  esophagitis, 
lan so p ra zo le  30 m g  p rov ided  íaster sym ptom  relief 
th an  o m e p ra zo le  20 m g; how ever, no  sign iíican t dif- 
ĩe rence  w as o b se rv ed  com pared  to om eprazo le  40  m g 
in te rm s o f h ea lin g  ra te s  an d  sym ptom  relief. R abeprazole 
20 m g a n d  p a n to p ra z o le 4 0  m g p ro v id e d eq u iv a len th ea l-  
ing  ra te s  an d  sy m p to m  relief com pared  to om eprazo le  
20 m g. In  p ep tic  u lc e r  d isease and  d u o d en a l u lcers, all 
fou r p ro to n  p u m p  in h ib ito rs  show ed  very  sim ila r effi- 
cacy, w h erea s  rab e p ra zo le  an d  lansop razo le  claim ed a 
littìe  fast sy m p to m  relieí.

H. pylori h as  b e e n  su ccessíu lly  erad ica ted  by  trip le- 
th e ra p y  reg im ens: c la rith ro ray cin , am oxycillin , and 
p ro to n  p u m p  in h ib ito r . T here  are no  signiG cant 
d iffe ren ces a m o n g  fo u r p ro to n  p u m p  inh ib ito rs, 
o m e p ra zo le , la n so p ra zo le1 p an to p razo le , and 
rab e p ra zo le , w h en  u se d  for th is pu rpose.
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Pruritus of Cholestasis
N o r a  V . B e r g a sa

Colỉege oỊ Physicians and Surgeons, Columbia University

nociceptive Unpleasant or pain lu l scnsation.
Central opioidergic neurotransm ission Signals in the Central 

nervous system carried OUI by opioid pepticỉes and 
receptors.

opioids E ndogenous p eptides with an affinity for opioid  
receptors.

Pruritus is a com plication of liver disease, in particular 
when associated with cholestasis. Its etiology is un- 
known; most treatinents have becn empirical and unsat- 
isíactory. Intractable pruritus is an indication for liver 
transplantation. The pruritus of cholestasis does not cor- 
relate with serum markers of liver disease.

ETIOLOGY OF THE PRURITƯS 
OF CHOLESTASIS

It is in íe rre d  tha t the su b s tan ce ís)  tha t m ed iates p ru ritu s  
in  cho lestasis  is m ade in  the liver and  excreted  in  bile. 
In  su p p o rt o f th is  in íe ren ce  is the Rndi.ng th a t p a tien ts  
w ith  cholestasis re p o r t d isap p earan ce  of p ru ritu s  after 
liver tran sp lan ta tio n  an d  after rem oval of b lockage in  
cases o f ex trah ep a tic  b ilia ry  obstruc tion .

Bile Acids

Bile acids accu m u la te  in  the p lasm a of p a tien ts  w ith 
cholestasis; how ever, th e re  is no scien tiíic  ev idence that 
d em o n stra te s  th e ir  ro le in  the  m ed ia tion  of the p ru ritu s  
o f cholestasis .

In  the  co n tex t o íb i le  acids as p ru rito g en s  in  chole- 
stasis, th ree  ob serv a tio n s m ust be considered : (1 ) the 
accu m u la tio n  o f b ile ac id s  in  ihe sk in  or in te rstitia l fluid

m ay n o t have any relevance to the  p ru r iiu s  (2) th e re  are 
p a tien ts  w ith  cholestasis an d  h igh  se ru m  c o n c en tra tio n s  
of bile ac ids w ho  do no t rep o rt p ru r it is ,  and  (3) sp o n - 
ta n eo u s relief o f p ru ritu s  does n o t co rre la te  w ith  de- 
creases in  se ru m  b ile  acids.

Histamine

H istam ine  is p ru rito g en ic . H is tam in e -m ed ia ted  
lesions, su c h  as sk in  e rv th em a an d  edem a, how ever, 
are n o t sk in  íìnd ings in  p a tien ts  w ho  ex p e rien ce  p ru r itu s  
seco n d ary  to cholestasis . T he lack  o f  speciiìc  an ti- 
p ru ritic  effect o f an tih is tam in e s  in  p a tíe n ts  w ith  the 
p ru r itu s  o f cho lestasis  d o es  n o t su p p o r t a ro le  of h ista- 
m ine in  th is  type of p ru ritu s .

The Endogenous Opioid System

T hree  lines of ev idence suggest th a t p a tien ts  w ith  
cho lestasis  have a lte ra tio n s  in  the  en d o g e n o u s  op io id  
system : (1) an  o p io id  w ith d raw a l-lik e  rea c tio n  can  be 
ex p e rien ced  by  p a tien ts  w ith  ch o lestasis  after the  ad- 
m in is tra tio n  o f op ia te  an tag o n is ts , (2 ) th e  c o n c en tra tio n  
of o p io id  p ep tid es  in  the se ru m  o f p a tie n ts  w ith  cho le- 
stasis is h ig h er than  th a t o f co n tro l sub jec ts , an d  (3) the 
im m u n o reac tiv ity  of M e t-e n k ep h a lin , o n e  of the endo - 
g en o u s o p io id  pep tides , is en h a n c e d  in  the  liver of 
p a tien ts  w ith  p rim ary  b ilia ry  c irrh o sis , a liver d isease 
associa ted  w ith  cho lestasis , in  c o n tra s t to tha t o f the 
d isease co n tro l livers. T he o p ia te  w ith d raw a l-lik e  reac- 
tion  suggests tha t in  cho lestasis  th e re  is in c reased  Cen
tral o p io iderg ic  n eu ro tran sm iss io n .



TABLE l T herapies for the P ru ritu s  of C holestasis

Drug
Rationale for use in the treatment 

pruritus o f cholestasis Dose Potential side effects

C holestyram ine D ecrease in  enterohepaùc  
circu lation  o f bi le acids

4 g  pre- and postbreakíast and aíter  
other m eals, not to exceed  
16 g per day

Bloating, constipation , 
m alabsorption

A ntihistam ines ư n k n o w n Variable Sedation, clry m outh
Phenobarbital E nhancem ent o f  pruritogen  

excretion
Variable Sedation

Rifampicin U n know n 3 0 0  to 4 5 0  m g po per day in 
divided  doses

H epatotoxicity

O piate antagonists A ntagonism  o f  enclogenous N aioxone: 0 .4  m g iv  bolus fo llow ed O piate w ithdraw al-like
(n a loxon e, naltrexone) op io id s by  in íu s io n s  of 0 .2  Ị-ig/kg/min 

N altrexone: 50 m g/day
reaction, hepatotoxicity

Serotonin  type 3 
receptor antagonist 
(onclansetron)

ln teríercnce w ith  m echan ism s of  
n o cicep tion

4  to 8 m g po per day C onstipation , headache

D rugs w ith  agon ist p ro p e rtie s  a t o p io id  recep to rs are 
p ru rito g en ic , in  p a rticu la r, w h en  cen trally  adm inis- 
tered . O p ia te -in d u ced  p ru r itu s  is effectively trea ted  
w ith  op ia te  an tagon ists . T he p ru rito g en ic  p ro p erty  of 
op ia te d ru g s, the suggestion  o f inc reased  op io iderg ic 
lo n e  in  c h o le s ta s is , a n d  th e  a n e c d o te s  r e p o r t in g  th a i 
opiate an tagon is ts  d ecreased  the  p ru ritu s  of cholestasis 
suggest tha t en d o g en o u s  o p io id s  m ed iate  th is type o í 
p ru ritu s , at least in  p a rt. A Central m echan ism  has been  
proposed . V arious c lin ical tria ls o f  o p ia te  an tagon is ts  for 
the trea tm e n t of the p ru r itu s  o f cho lestasis w ere 
co nduc ted . T hese s tu d ie s  in c lu d ed  obịective m ethodo l- 
ogy, w h ich  allow ed fơr th e  rec o rd in g  of sc ra tch in g  ac- 
tivity, the beh av io r th a t specifically  resu lts  from  
p ru ritu s , in d e p e n d e n t o f gross bo d y  m ovem ents. O piate 
an tagon is ts  w ere associa ted  w ith  a decrease  in  the per- 
cep tion  o f p ru ritu s  an d  sc ra tch in g  activity . T hese resu lts 
su p p o rt a ro le  of en d o g en o u s  o p io id s  in  the p ru ritu s  of 
cholestasis.

Serotonin System

The se ro to n in  system  is in v o lv ed  in  the m ed iation  
of nocicep tive stim uli. O n d an se tro n , an  an tag o n is t of 
type 3 se ro to n in  recep to rs , w h ich  are found  b o th  in 
the Central n e rv o u s system  an d  o n  p erip h e ra l nerves, 
w as rep o rted  to decrease  the p ru r itu s  of cholestasis in  
s tu d ies  th a t u sed  sub jective  m eth o d o lo g y .

TREATM ENT OF THE PRURITUS 
OF CHOLESTASIS

Drugs

Table 1 lists som e of the d ru g s  used to trea t the 
p ru ritu s  of cholestasis . Som e d ru g s  appear to have a

ra tionale  for the ir u se  and  som e do  not. The doses lis ted  
are sum m arized  from  publishecỉ s tud ies; they shou ld  be 
ind iv idualized . F or a com plete  review  o í side effects, the 
reader is re íe rred  to o rig ina l sources.

Invasive Procedures to Treat the Pruritus 
of Cholestasis

The neecỉ to  p ro v id e  re lief to p a tien ts  w ith  the p ru- 
ritu s  of cho lestasis is u n d ersco red  by the  use o f invasive 
p rocedu res  th a ta im  to rem ove hypo ihe tical p ru ritogens 
from  the c ircu la tion . T hese p ro ced u res  inc lude  char- 
coal h em o p eríu sio n , p lasm apheresis , p artia l ex ternal 
d iversion  of b ile, an d  ileal d iversion. The n a tu re  of 
any re levan t substance(s) rem oved  by these in terven- 
tions is n o t know n.
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C rohn’s disease Inílammatory boweì disease of part of or the 
entire gastrointestinal tract and that extends all the way 
through ihe intestinal vvall. 

dysmenorrhea Painíul menstruation.
dyspepsia Indigestion, upset stomach, or pain or discomíort 

centered in the upper abdomen. 
dysuria Painíul urination.
íìbromyalgia Disorder oí pain and tenderness of muscỉe and 

adjacent eonnective tissue. Synonyms include fibrositis 
and fibromyositis. 

functional gastrointestinal disease Collection of persistent 
or recurrenl gastrointestinal symptoms not known to be 
caused or produced by any speciíìc morphologic, 
biochemical, or physiologic abnormalities. 

globus Sensation of a lum p or something stuck in the throat, 
tightness of the throat, or inability to swallow. 

inílammatory bowel disease Group of chronic gastroimest- 
inal diseases, including ulcerative colỉiis and Crohn’s 
disease, involving inílammation of the gastrointestinal 
tracl.

irritable bowel syndrom e Group of íunctional gastrointest- 
inal disorders of the bowel in which abdominal 
discomíbrt or pain is associateđ with deíecation, or a 
change in bowel habit and bowel movements, not due to 
known structural gastrointestinal disease. 

nocturia Excessive urination at night. 
psychoíorm  Psychological symptoms suggesting psychiatric 

disorders that thc individual đoes not have. 
psychosomatic Bodily symptoms presumed to arise from 

psychological origins. 
somatization disorder Psychiatric illness thai occurs pre- 

dominanily in women, characterized by multiple physi- 
cal compìaints throụghout the body’s organ system 
without medical explanaiion. 

somatoíorm Physical symptoms suggesting a medical basis 
but w ithout medical explạnation. 

stn ictu ral gastrointestinal disease W ell-documented asso- 
ciations oí disease of the gastroimestinal tract, with 
observable structural or morphologic changes. 

ulcerative colitis Inílammatory bovvel diseasẽ characterized 
by inílammaiion of the more superíicial layers, the 
mucosa and submucosa, of the colon.

T h e sh ee r  p r e v a le n c e  o f  p sy ch ia tr ic  i l ln e s s  is  o f  c o n s id -  
e ra b le  s ig n iíỉc a n c e  to  a ll m ed ica l p ra ctice . In th e  g en era l 
p o p u la tio n , o n e  in  five  p e o p le  su lle r  from  a d ia g n o sa b le

p sy c h ia tr ic  i l ln e s s  in  an y  g iv en  yea r , b u t  m o s t  d o  n o t  fìnd  
th e ir  w a y  to  trea tm en t. In m e d ic a l tr ea tm e n t s e t t in g s ,  a 
c u rren t p sy ch ia tr ic  d ia g n o s is  ca n  b e  m a d e  in  a p p r o x i-  
m a te ly  o n e  o u t o f  ev ery  th ree  p a t ie n ts ,  b u t , in  r e a lity ,  
m o st p sy c h ia tr ic  i l ln e s s  g o e s  u n d e te c te d .

SCOPE A N D  PREVALENCE OF  
PSYCH1ATRIC COM ORBIDITY IN 
GASTRO INTESTINAL DISEA SE

R ecogn iiion  o f psych iatric  illness in  g as tro in te s tin a l d is- 
easc is im p o rta n t n o t on ly  b ecau se  p sy c h ia tric  illn ess  
is a so u rce  o f m u c h  su ffering  in  itse lí, b u t  also b ecau se  it 
is associa ted  w ith  sig n iíìcan t d isa b ility , w orse  m ed ica l 
o u tco m es , and  h ig h e r m ed ica l ca re  costs . R eco g n itio n  
a n d  trea tm e n t of p sy ch ia tric  d isease  can  s ig n iíican tly  
re d u c e  m edica l care costs  an d  c a n  b e  ex p e c ted  to im - 
p ro v e  ih e  m an ag em en t o f c o m o rb id  g a s tro in te s tin a l 
disease.

D ifferen t g as tro in tes tin a l d iseases  vary  in  b o th  the  
p rev a len ce  an d  types o f  a sso c ia ted  p sy c h ia tric  d iso r- 
ders. In  the  fo llow ing  d isc u ssio n s , th e  g a s tro in te s tin a l 
d iseases are ex am in ed  sep ara te ly  fo r th e ir  a s so c ia tio n s  
w ith  p a r tic u la r  p sy ch ia iric  d iso rd e rs , ío c u sin g  o n  how  
the d iííe re n t p sych ia tric  c o m o rb id itie s  p re se n t specia l 
p ro b lem s o f m anagem ent.

PSYCHIATRIC DISORDERS IN  
STRUCTURAL A N D  FU N C T IO N A L  
G ASTRO INTESTINAL D ISEASE

F u n c tio n a l g as tro im es tin a l (G I) d iso rd e rs  a re  clefm ed 
as p e rs is ten t or re c u rre n i g ro u p s  o f g a s tro in te s tin a l 
sy m p to m s n o t lin k ed  to knovvn m o rp h o lo g ic , b io c h e ra -  
ical, o r  o th e r  physio log ic  a b n o rm a litie s . S tru c tu ra l 
g as tro in ies tin a l d isease , in c o n tra s t,  p re se n ts  vvith 
ob jective d iagnostic  íea tu res  o n  p h y s ic a l ex a m in a tio n  o r 
o n  o rgan -spec ìíìc  tests, su ch  as GI im aging . P sy ch ia tric  
co m o rb id ity  in g a s tro in te s tin a l d isease  seem s to  com ply  
w ith  the  fu n c tio n a l/s tru c tu ra l d ic h o to m y , vvith h ig h e r 
ra tes o f  p sych ia tric  d iso rd e rs— in  p a r tic u la r, 
so m a to ío rm  d iso rd ers  and  sy n d ro m e s— co -o c c u rrin g



w ith  the  íu n c tio n a ỉ di.so.rders. S tud ies o f p sy c h ia tric  ỉll- 
ness in  g a s tro in te s tin a l d isease have found  s tro n g  asso- 
c ia iio n s w ith  íu n c tio n a l g a s tro in te s tin a l d iso rd ers , 
espec ia lly  irri tab le  b o w el sy n d ro m e an d  ch esl p a in  of 
p re su m e d  eso p h ag ea l o rig in , b u t w eak  a sso c ia tio n s w ith  
s tru c tu ra l g a s tro in te s tin a l disease. S tru c tu ra l a n d  func- 
tiona l g as tro in tc s tin a l d iseases ap p e a r  to  have d iffe ren t 
p sy ch ia tric  co m o rb id ỉty  p a tte rn s .

Psychiatric Illness in Structural 
Gastrointestinal Diseases

H isto rically , m a n y  o f the s tru c tu ra l g as tro in te s tin a l 
cliseases have b ee n  co n s id e re d  to have p sy ch o so m atic  
o rig in s , d esp ite  c lea r ev idence o f  m o rp h o lo g ic  ab- 
n o rm a litie s  in th e  g as tro in te s tin a l o rg an s  affected . Al- 
ih o u g h  th e  te rm  “p sy ch o so m aú c" has fallen  from  
accep ted  usagc, p rev io u sly  e n tre n c h e d  ideas p ers is t 
even vvith em p irica l d a ta  c o n tra d ic tin g  them . In  p a rt, 
re lu c tan c e  to raove aw ay from  p rev iouslv  es tab lish eđ  
ideas m ay be becau se  h y p o th e ses  o f  p sy ch o so cia l o rig in s  
in  m ed ica l d isease c a n n o t be defin itively  te sted  to  con- 
firm  o r d isp ro v c  them .

In  p a r tic u la r, p e p tic  u lc e r  d iscase  an d  in d a m m a to ry  
bow el d isease have a lo n g  tra d itio n  o f  p re su m e d  psy- 
ch o so m aiic  o rig in s , a n d  havc accu m u la tcd  the  la rgest 
l ite ra tu re  su p p o r tin g  th ese  ideas. A large p sy ch o an a ly t-  
ically  based  lite ra tu re  h as  ac cu m u la ted  th a t d escrib es  
the  p sych o lo g ica l m e ch a n ism s  th o u g h t to p ro d u c e  these 
d iseases, a long  w ith  o th e r  w o rk  th a t d esc rib es  how  
th ese  p sy ch o lo g ica l Eactors m ig h t in te ra c t physio log i- 
ca lly  to y ie ld  s tru c tu ra l changes in  the  bow el. T he re- 
se a rch  lite ra tu re  s u p p o r tin g  the  co n c ep tu a liz a tio n  of 
th ese  s tru c tu ra l g a s tro in te s tin a l d iseases as p sy ch o so - 
m atic , how ever, is se rio u s ly  ílaw ed. T he w o rk  m ost 
s tro n g ly  s u p p o r tin g  th is  view  is the m ost m e th o d o lo g - 
ica lly  flawed.

P ossib ly  íeed in g  th e  a s su m p tio n  o f p sy ch o so m atic  
o rig in s  to  in ílam m ato ry  bow el d isease an d  p e p tic  u lcer 
d isease  is th e ir  p o te n iia l to  be m is tak e n  for, o r  c o n íu sed  
w ith , íu n c tio n a l g a s tro in te s tin a l d iseases w ith  c lea r psy- 
c h ia tr ic  a sso c ia tio n s , p a rticu la rly  irritab le  bow el d isease 
a n d  fu n c tio n a l đ y sp e p sia . A lth o u g h  the  sy m p to m  pre- 
se n ta tio n s  o f p e p tic  u lc e r  d isease an d  fu n c tio n a ỉ dys- 
p e p s ia  are id en tica l, so m ew h ere  betvveen 50 an d  90%  of 
p a tie n ts  p re se n tin g  vvith su sp e c te d  p ep tic  u lc e r  d isease 
d o  n o t sh o w  ev id en ce  o f  an  u lc e r  o n  ph y sica l exam ina- 
tion . B ecause th ese  d iso rd e rs  have su c h  d iffe ren t psy- 
ch ia tr ic  co m o rb id ity  p a tte rn s , o b se rv a tio n s  m ad e  in 
íu n c tio n a l d iso rd e rs  c a n n o t be c o n s id e red  ap p licab le  
to  s tru c tu ra l d iso rd e rs  o f  the  sam e organs.

M eth o d o lo g ica l p ro b lem s w ith  th is  l i te ra tu re  s ia rt 
w ith  sam p lin g  p ro b le m s , su c h  as sam p lin g  bias, lack  of

co n íìrm a tio n  o f the  d iagnosis, an d  n o n se p ạ ra tio n  o f dis- 
eases (especia lly  C ro h n s  d isease an d  u lcerative  co litis , 
vvhich are  ac tua lly  q u ite  d iffe ren t in  th e ir  assoc ia tions 
w ith  p sy ch o p a th o lo g y ). O th e r  se rio u s  m e th o d o lo g ica l 
p ro b lem s in  th is  lite ra tu re  are  lack  o f a c o m p ariso n  
g ro u p  o r u se  of an  in a p p ro p ria te  c o m p ariso n  g ro u p , 
su c h  as h e a lth y  in d iv id u a ls  in  the  co m m u n ity , a n d  fail- 
u re  to m a tch  o r  c o n tro l for im p o rta n t cọ n ío u n d e rs , es- 
pecia lly  g en d e r (b ecau se  o f h ig h e r ra tes  o f m any  
p sy ch ia tric  d iso rd e rs  am o n g  w o m en ). T h is la tte r 
issue is illu s tra tc d  by the  d e m o n s tra te d  p rev a len ce  of 
p sy ch ia tric  illncss in  c lin ica l p o p u la tio n s  w ith  m ed ica l 
d isease in  g eneral, w h ich  ru n s  a ro u n d  o n e -th ird . T here- 
fore, to c o n s id e r  a d iseasc to have speciíìc  p sy ch ia tric  
assoc ia lions , on e  tn u s t d e m o n s tra te  th a t the  asso cia ted  
p sy ch o p a th o lo g v  o cc u rs  in ra tes sign ifican tly  g rea ter 
th an  o n e - th ird  in  W e ste rn  cu ltu res . M easu rem en t p ro b - 
lem s in  these  s iu d ie s  in c lu d e  use o f assessm en t In s tru 
m en ts  w ith o u t es tab lish ed  valid ity  o r reliab ility , ía ilu re  
to ap p ly  d iag n o stic  s ta n d a rd s , an d  lack  o f  co m p arab ility  
o f  m ethocls across s tu d ies . S tud ies u s in g  sub jec tivc  self- 
rep o rt o f sy m p to m s o r w ell b e in g  by  p a tien ts  c o n ío u n d  
m ed ica lly  based  sy m p to m s o f the  d isease w ith  
sy m p to m s o rig in a tin g  in ĩu n c tio n a l overlay  th a t su b - 
g ro u p s  o f p a tien ts  in  all p o p u la tio n s  d em o n stra te . 
T h erc ío re , s tu d ie s  d o c u m c n tin g  a re d u c tio n  of 
sy m p to m s w ith  b eh av io ra l tre a tm e n ts  d o  n o l p rove  psy- 
cho log ica l o rig in s  o f  the  d isease , b ecau se  the  resu lts  m ay  
m erely  re ílec t tre a tm e n t o f the  íu n c tio n a l overlay  an d  
n o t o f th e  d isease. F inally , p u b lish ed  s tu d ie s  have o ften  
d ra w n  co n c lu s io n s  n o t w a rra n te d  by th e  da ta , an d  the  
classic e r ro r  is a s su m p tio n  o f causa lity  from  m ere asso- 
cia tion . W h e n  tw o en titie s  s ta tis tica lly  o cc u r to g e th er, 
causa l re la tio n sh ip  m ay  go e ith e r  d irec tio n , o r  the  ap- 
p a re n t asso c ia tio n  m ay be on ly  in d ire c t th ro u g h  asso- 
c ia tion  of b o th  en titie s  w ith  a th ird  variab le.

T he idea th a t u lce ra tiv e  co litis  m ay be a p sychoso- 
m atic  d isease first ap p e a red  in  the  scientiR c lite ra tu re  in  
1930, an d  o ver several d ecades a v o lu m in o u s  lite ra tu re  
in  su p p o r t o f  th is  n o tio n  has ac cu m u la ted . An ex h au s- 
tive rev iew  o f the  su b je e t fou n d  th a t s tu d ie s  lack in g  a 
co m p ariso n  g ro u p  w ere sign iR cantly  m ore likely  th a n  
co n tro lled  s tu d ie s  to co n c lu d e  th a i u lce ra tiv e  co litis  is 
p sy ch ia trica lly  based . L ook ing  pas t the  m orass o f flaw ed 
s tu d ies , th is  rev iew  p ro ce ed ed  to exam ine  the  seven  
s tư d ies  w ith  the  bes t m e th o d o lo g y . T hese  seven s tu d ie s  
all c o n c lu d e d  th a t u lce ra tiv e  co litis  w as n o t d is tin g u ish - 
ab le from  o th e r  se rio u s  m ed ica l illnesses  in  its  associ- 
a tio n  w ith  p sy ch o p a th o lo g y .

C ro h n ’s d isease  is a n o th e r  s tru c tu ra l g as tro in tes tin a l 
d isease w ith  an  es tab lish ed  fo llow ing  th a t h o ld s  it 
to  be a d iso rd e r  ro o te d  in  p sycho log ical orig ins. Review  
o f  the  re se a rch  lite ra tu re  o n  th is  d isease reveals the  sam e



k in d s  of m a jo r  m e th o d o lo g ic a l flaw s re su ltin g  in  u n w ar- 
ra n te d  co n c lu s io n s  b ased  o n  little  ev id en ce . O f 50 orig- 
ina l s tu d ie s  ex a m in e d , on ly  12 w ere  b ased  on  sa m p les  o f 
10 o r m o re  sub jec ts. U n lik e  the  b es t l i te ra tu re  on  u lcer- 
ative co litis , h o w ev er, th e  b es t l ite ra tu re  on  C ro h n ’s 
d isease  o v erw h e lm in g ly  c o n c lu d e d  th a t C ro h n ’s d isease 
w as s ig n iíìcan tly  asso c ia ted  w ith  p sy c h ia tric  illness, on  
the o rd e r  o f 50%  liíe tim e  p reva lence . T h e  p sy ch ia tric  
illn ess  co n s is ted  largely  of m a jo r d ep ressiv e  an d  an x ie ty  
d iso rd ers . T he p sy c h ia tric  d iso rd e rs  w ere  no  m o re  likely  
to  p reced e  th a n  to  fo llow  the  o n se t o f the  C ro h n ’s dis- 
ease, th u s  su p p o rtin g  no  causa l p a th w a y  for p sy ch ia tric  
d isease in  the  g en e ra tio n  o f the  g as tro in te s tin a l 
d iso rd e r . A s tu d y  d ire c tly  co m p a rin g  C r o h n s  d isease  
a n d  u lce ra tiv e  co litis  fo u n d  th a t the p a tie n ts  w ith  
C ro h n ’s d isease d e sc rib ed  p o o re r  p sy ch o so c ia l ad ju s t-  
m en t, gen era lly  re d u c e d  w ell be ing , an d  m ore GI 
sym p to m s. T h u s, s tu d ie s  suggest th a t CrohĩV s disease 
m ay be th e  on ly  s tru c tu ra l bow el d isease to  b e  associa ted  
w ith  p sy c h ia tric  d iso rd ers .

P ep tic  u lc e r  d isease , p ro b ab ly  m o re  th a n  an y  o th e r  
s tru c tu ra l g a s tro in te s tin a l d iso rd e r , has lo n g  b een  as- 
su m e d  to  be a p sy ch o so m atic  o r  s ire s s-re la te đ  co nd i- 
tion . D esp ite  th is  vvidely held  co n v ic tio n , research  
sh o w s im p o r ta n t d is tin c tio n s  in  p a tte rn s  of p sy c h ia tric  
co m o rb id ity  b e tw e e n  p e p tic  u lc e r  d isease and  o th e r  
íu n c tio n a l g as tro d u o d e n a l d isease . D irec t co m p ariso n  
o f  íu n c tio n a l d y sp e p sia  vvith d u o d en a l u lc c r  p a ticn ts  
fo u n d  íu n c tio n a l d y sp ep sia  to  be  asso c ia ted  w ith  sign ií- 
ican tly  g rea te r p sy c h o p a th o lo g y  (espec ia lly  an x ie ty  and  
d e p re ss io n ) , m u ltip le  so m atic  c o m p la in ts  (especia lly  
in c lu d in g  dy sp ep sia  sy m p to m s an d  m u sc u lo sk e le ta l 
sy m p lo m s), w o rse  g en e ra l h e a lth , re d u c e d  íu n c tio n in g , 
lo w er q u a lity  o f life, a n d  less p a tie n t sa tisfac tio n  w ith  
h ea lth  care received . T he p a tien ts  w ith  d u o d e n a l u lce r 
w ere  o ld e r  a n d  sm o k e d  m o re  o ften , an d  a lm o st all w ere 
in íe c te d  w ith  Heỉicobacíer pylori. A m ong  d u o d e n a l u lcer 
p a tie n ts , those  w ith  th e  few est classic h is to ric a l risk  
ía c to rs  (sex, age, seaso n a lity , fam ily  h is to ry , sm ok ing , 
a lc o h o l use , coffee c o n s u m p tio n , n o n s te ro id a l an tiin -  
ílam m ato ry  d ru g  u se , b lo o d  type, se ru m  p e p s in o g e n  1, 
an d  H. pyỉori an tib o d y  tite rs) h a d  th e  g rea te s t p sycho - 
path o lo g y . T h u s , it is su g g ested  th a t c lin ic ian s  eva lua t- 
in g  p a tien ts  n o t m a tch in g  the  u su a l p a tie n t p ro íìle  for 
d u o d e n a l u lc e r  s h o u ld  be  a le r t fo r psycho log ic  íac to rs  
an d  fea tu res  suggestive  o f íu n c tio n a l d isease in s tea d  of, 
o r co m o rb id  w ith , the  p ep tic  u lc e r  d isease . It is im p o r- 
ta n t fo r re se a rch e rs  an d  c lin ic ian s  to  a p p re c ia te  th a t the  
in ev itab le  o ccas io n a l p sy c h ia tric  co m o rb id ity  w ith  pep- 
tic u lc e r  d isease is n o t p ro o í o f causa lity  from  on e  con- 
d itio n  to  the  o ther.

A n o th e r  g a s tro in te s tin a l d isease sa id  to  be  associ- 
a ted  w ith  p sy ch ia tric  illn ess  is p an c rea tic  cancer. C om -

p a re d  to p a tie n ts  w ith  advanced  gastric  ca rc in o m a , 
p an c re a tic  c a rc in o m a  p a tie n ts  w ere fo u n d  to have 
h ig h e r  ra te s  o f se lf-re p o rte d  d epression . T he p sy ch ia tric  
find ings m ay be  a p re se n tin g  íeatu re , p rec ed in g  the di- 
agn o sis  o f cancer. S ystem atic  s tu d ie s  have n o t b ee n  car- 
r ied  o u t to  d e te rm in e  w h e th e r  it is sim p le  d y sp h o ria  o r 
th e  fully  d iag n o sab le  sy n d ro m e of m ajo r d ep ress io n  th a t 
p rec ed es  the  d ia g n o sis  o f  p an c rea tic  cancer. S pecu la tion  
h o ld s  sy stem ic  effects o f n eu ro tra n sm itte rs  o f the p an - 
creas to  be th e  veh ic le  for the gen era tio n  o f depressive  
sy m p to m ato lo g y  in  p an c rea tic  cancer.

Psychiatric Illness in Functional 
Gastrointestinal Diseases

F u n c tio n a l g as tro in te s tin a l d iso rd ers  a re  the m ost 
p rev a len t c o n d itio n s  in  gastro en te ro lo g y  p rac tice , con- 
s ú tu t in g  u p  to 50%  o f p rese n tin g  p rob lem s. F u n c tio n a l 
g a s tro in te s tin a l d iso rd e rs  are associa ted  w ith  s ign iíìcan t 
d isab ility , re d u c e d  q u a lity  of life, an d  in c reased  m edical 
care costs. F u n c tio n a l g as tro in tes tin a l d isease is also 
a p p a re n tly  q u ite  p re v a le n t in  the general p o p u la tio n , 
id e n tỉf ied  in  n ea rly  tw o -th ird s  (62% ) o f p eo p le  assessed 
by a ra n d o m  te le p h o n e  survey . In th is s tudy , the m ost 
p rev a len t class o f íu n c tio n a l g as tro in tes tin a l d isease 
ob se rv ed  w as íu n c tio n a l bow el d isease (42% ), w ith  
íu n c tio n a l esophageal d isease (29% ) ra n k in g  second  
an d  ĩu n c tio n a l a n o re c ta l synd rom es (23% ) ran k in g  
th ird . T h e  m o st p re v a le n t ind iv idual d iso rd e rs  w ere 
íu n c tio n a l h e a r tb u rn  (22% ), functional an o rec ta l p a in  
(17% ), íu n c tio n a l c o n s tip a tio n  (15% ), ab d o m in a l 
b lo a tin g  (13% ), an d  irritab le  bow el sy n d ro m e (12% ). 
E ven  th o u g h  it ran k e d  o n ly  fìfth in  p reva lence  am ong 
ỉu n c tio n a l g a s tro in te s tin a l d iseases, irritab le  bow el 
sy n d ro m e  is th e  ỉu n c tio n a l d iso rd e r  th a t seem s to get 
th e  m o st press.

F u n c tio n a l bow el d iseases m ay ov erlap  w ith  one 
a n o th e r  d iag n o stica llv . T h is  is d e m o n s tra te d  by the doc- 
u m e n te d  co -o c cu rre n ce  of íu n c tio n a l dyspepsia  and  ir- 
r ita b le  b o w el sy n d ro m e . T he íu n c tio n a l g as tro in tes tin a l 
sy n d ro m es  have n o t b ee n  d iffe ren tia led  írom  one an- 
o th e r  b ased  o n  th e ir  assoc ia tion  w ith  p sychopatho logy . 
T h e  ĩu n c tio n a l g as tro in te s tin a l d isease b es t s tu d ied  for 
p sv c h ia tric  c o m o rb id ity  is irritab le  bo w el syndrom e. 
T h e re ío re , th e  fo llow ing  d iscussion  trea ts  ihe  íu n c tio n a l 
g a s tro in te s tin a l d iso rd e rs  co llectively , u sing  irritab le 
bo w el sy n d ro m e as a m odel an d  in c lu d in g  research  
fro m  o th e r  fu n c tio n a l d iso rd ers  as re lev an t to the 
d isc u ss io n .

Specific p sy c h ia tric  d iso rd ers  have n o t often  been 
ex a m in e d  to g e th e r  in  a single s tu d y  o f irritab le  bow el 
sy n d ro m e , m o st s tu d ie s  e ith e r íocu sin g  on a single 
d iso rd e r  o r re p o r tin g  a co m b in ed  d iagnostic  rate. The



liíe tim e p revalence of p sy ch ia tric  d iso rd e rs  in  p a tie n ts  
w ith  irritab le  bo w el syn d ro m e h as  b een  re p o r te d  in  
7 2 —93% , the m o st p rev a len t in d iv id u a l d iag n o ses  
b e in g  m a jo r d ep re ss io n  (8 — 61% ), a n x ie ty  d iso rd e rs  
(4 —61% ), hyste ria  (17 — 28% ) o r  so m a tiz a tio n  
d iso rd e r  (3 2 —48% ), and  u n d ia g n o sed  p sy ch ia tric  
d iso rd e r  (3 1 —32% ). The o n se t o f p sy c h ia tric  illness 
p reced es the  o n se t o f the  irritab le  b o w el sy n d ro m e  in 
four o u t o f five cases, sugg estin g  th a t th e  asso c ia tio n  
does n o t ro u tin e ly  sign iíy  the  g en e ra tio n  o f p sy ch o p a- 
th o lo g y  from  the  bow el disease. A lth o u g h  less th o r- 
o u g h ly  studiecỉ, p sych ia tric  c o m o rb id ity  in  o th e r  
fu n c tio n a l d iso rd ers  has b een  fo u n d  in  the  ran g es re- 
p o r te d  for irritab le  bow el sy n d ro m e. F o r fu n c tio n a l dys- 
pepsia , p sych ia tric  co m o rb id ity  h as  b ee n  re p o r te d  to  be 
87% , w ith  anx iety  d iso rd ers  d ia g n o sed  in  67% . P sychi- 
a tric  co m o rb id ity  in  esophageal spasm  w as re p o r te d  as 
84% , co n s is tin g  largely  of an x ie ty  d iso rd e rs , m a jo r 
d ep ress io n , an d  so m atiza tio n  d iso rd er.

A speciíìc  psych ia tric  d iso rd e r  s in g led  o u t in  s tu d ies  
o f ỉu n c tio n a l g as tro in tes tin a l d isease  is p an ic  d ìso rd er. 
P an ic  d iso rd e r  has b een  re p o rte d  in  asso c ia tio n  w ith  
ío u r  íu n c tio n a l d iso rders: g lo b u s (25%  life tiine  p an ic  
d iso rd e r) , n o n ca rd iac  chest p a in  oí p re su m e d  eso p h a- 
geal o rig ins (2 4 —59% p rev a len ce  of p an ic  d iso rd e r) , 
íu n c iio n a l d y sp ep sia  (no  p an ic  d iso rd e r) , an d  irritab le  
bovvel sy n d ro m e (2 3 —29% liíe tim e pan ic  d iso rd e r) . 
P an ic  d iso rd e r  w as iden tiíìeđ  as b e in g  asso c ia ted  w ith  
(u n ctio n al g as tro in te s tin a l sy m p to m s in  a g en e ra l p o p - 
u la tio n  s tudy , b u t m ore  co m p re h en siv e  ana ly sis  ío u n d  
no specia l a sso c ia tio n  of pan ic  d iso rd e r  w ith  ỉu n c tio n a l 
g as tro in te s tin a l sym ptom s. All o th e r  p sy c h ia tric  d iso r- 
d e rs  w ere íb u n d  to  be s im ilarly  asso c ia ted  w ith  the  func- 
tio n a l g as tro in tes tin a l sym ptom s. P an ic  d iso rd e r  w as 
d iag n o sed  in  on ly  4% of in d iv id u a ls  w ith  fu n c tio n a l 
g as tro in te s tin a l sy m p to m s, w h ic h  is tw o to fo u r tim es 
the  ra tes (1 —2% ) in  the general p o p u la tio n . T h is  n o n e- 
the less rep re se n te d  only  a íra c tio n  o f the  overa ll psy- 
ch o p a th o lo g y , id en tified  in  48%  of in d iv id u a ls  w ith  
ỉu n c tio n a l g as tro in te s tin a l sỵ m p to m s.

F u n crio n al g as tro in tes tin a l d isease is a b u n d a n t 
am o n g  p a tie n ts  sam p led  from  p sy c h ia tric  tre a tm e n t se t- 
tings. Irritab le bow el sy n d ro m e h as  b ee n  d ia g n o sed  in  
17 —42% of p an ic  d iso rd e r  p a tien ts , 37%  o f g en e ra liz ed  
an x ie ty  d iso rd e r  p a tien ts , 27% of m a jo r  d e p re ss io n  pa- 
tie n ts , and  42%  of p a tien ts  w ith  a lco h o l ab u se  o r d ep e n - 
d en ce . These ra te s  a re  co n sid erab ly  h ig h e r th a n  the  12% 
prevalence of irr ita b le  bow el sy n d ro m e  re p o r te d  for the 
g en e ra l p o p u la tio n , suggesting  th a t the  asso c ia tio n  of 
p sych ia tric  illness w ith  irritab le  bow el sy n d ro m e  in pa- 
tie n t p o p u ỉa tio n s  m ay possib ly  re ílec t trea tm e n t-see k - 
ing  bias. S tud ies o f  trea tm e n t se ttin g s sp ec ia liz in g  in  
g as tro in te s tin a l d isease re p o rt g re a te r  p sy c h ia tric

c o m o rb id ity  in  as so c ia tio n  w ith  íu n c tio n a l bow el dis- 
ease co m p a re d  to d a ta  co llec ted  from  p rim a rv  ca re  
sources. E x a m in a tio n  o f the  re la tio n sh ip  of irritab le  
bow el sy n d ro m e  an d  p sy c h ia tric  illn ess  in  the  genera l 
p o p u la tio n , in  w h ic h  tre a tm e n t b ias d o es  n o t app ly , 
does n o t u n iío rm ly  sh o w  these  co n d itio n s  to  be associ- 
ated , a l th o u g h  the  rep o r ts  have b een  m ixed .

T h e  re la tiv e ly  h ig h  ra te s  o f  so m a tiz a tio n  d iso rđ e r  
re p o rte d  in  p a tie n ts  w ith  íu n c tio n a l g as tro in te s tin a l dis- 
ease m ay w ell re p re se n t u n d e re s tim a te s  o f the p reva- 
lence  o f so ra a tiz a tio n  d iso rd e r  in  re la tio n  tơ íu n c tio n a l 
g a s tro in te s tin a l d isease . T he so u rce  o f  u n d e re s tim a tio n  
lies w ith  th e  s e lf-re p o rt m e th o d  of o b ta in in g  the  m ed ica l 
h is to ry  th ro u g h  c ro ss-sec tio n a l p a tie n t in te rv iew s. M ed- 
ical h is to rie s  o f p a tie n ts  w ith  th is  d iso rd e r  are p ro n e  to  
in a cc u ra c ie s  s te m m in g  from  m is re p re se n la tio n  o f so- 
m atic  c o m p la in ts  as m ed ica lly  based  a n d  ía ilu re  to  re- 
p o r t m a n y  p rev io u s  sy m p to m s for w h ic h  these p a tie n ts  
h a d  so u g h t m ed ica l in te rv e n tio n .

S o m atiza tio n  d iso rd e r  w as n am ed  for its  ch a rac te r-  
istic m u ltip le  c o m p la in ts  o f sy m p to m s in  m u ltip le  o rg an  
system s. P a tie n ts  co m p la in  th a t ev e ry th in g  is w ro n g  
w ith  v ir tu a lly  ail th e  o rg an  system s in  th e ir  bod ies , 
yet no  m ed ica l e x p la n a tio n  for the  sy m p to m s can  be 
ío u n d . T h e  m u lt ip le  c o m p la in ts  o ffered  by  p a tie n ts  
w ith  so m a tiz á tio n  d iso rd e r  in c lu d e  n o t ju s t  physica l 
sy m p to m s b u t also  p sy ch o lo g ica l sym p to m s. P a tien ts  
w ith  so m a tiz a tio n  d iso rd e r  a i te n d in g  a u n iv e rs ity  psy- 
ch ia try  c lin ic  w ere  fo u n d  to  co m p la in  o f  m o re  d ep res- 
sive sy m p to m s co m p ared  p a tie n ts  w ith  a d iag n o sis  o f 
m a jo r d e p re ss io n  a tte n d in g  the  sam e c lin ic , as m any  
m an ic  sy m p to m s co m p ared  to p a tie n ts  w ith  b ip o la r 
d iso rd e r , a n d  as m a n y  p sy ch o tic  sy m p to m s co m p ared  
to p a tie n ts  w ith  sc h iz o p h re n ia . T he p sy ch o lo g ica l p ro - 
file o f p a tie n ts  w ith  so m a tiz a tio n  d iso rd e r  on  the 
M in n eso ta  M u ltip h as ic  P e rso n a lity  In v e n to ry  is ch arac- 
te rized  by  a sty le o f ex ag g era tio n  in  re p o r tin g  sy m p to m s 
a n d  h ig h  ra te s  o f e n d o rse m e n t o f sy m p to m s on  all clin - 
ical scales. T h e re ío re , so m a tiz a tio n  d iso rd e r  is n o t on ly  
a so m a to íb rm  d iso rd e r  in  w h ic h  p a tie n ts  co m p la in  of 
physica l sy m p to m s o f m ed ica l d iso rd c rs  they  do  n o t 
have, b u t  also  a “p sy c h o ío rm ” d iso rd e r  in  w h ic h  they  
also c o m p la in  o f  sy m p to m s o f p sy c h ia tric  d iso rd e rs  they 
do  n o t have. B ased so le ly  on  th e ir  c o m p la in ts  o f m u ltip le  
p sy c h ia tric  sy m p to m s, ad d itio n a l p sy c h ia tric  d iagnoses 
m ay  be  a ttr ib u te d  to  th em . It co u ld  be th a t the  a p p a re n t 
a sso c ia tio n  o f  ir r i ta b le  b o w el s y n d ro m e  w ith  p sy ch ia tric  
illness is b ased  s im p ly  on  the  c o m o rb id ity  o f irr itab le  
bow el sy n d ro m e  w ith  so m a tiz a tio n  clisorder, the ac tu a l 
so u rce  o f th e  m a n y  co m p la in ts  g en e ra tin g  p sy ch ia tric  
d iagnoses in  these  p a tien ts .

B ecause irr ita b le  bow el sy n d ro m e  is a d iso rd c r  de- 
fined co m p le te ly  by  su b jec tiv e  p a tie n t sy m p to m  rep o rt,



it is possib le  th a t the sy m p to m  co m p la in ts  es tab lish in g  
the d iagnosis of irritab le  bow el sy n d ro m e in  p a tien ts  
w ith  so m atiza tio n  d iso rd e r  are m erely  a p a rt o f the 
m any  sy m p to m  co m p la in ts  of the so m atiza tio n  
d iso rder. The irritab le  bow el sy n d ro m e id en tiíìed  in  
these p a tien ts  m ay n o t rep re se n t the sa ine co n d itio n  
as th e  irritab le  bow eỉ sy n d ro m e o ĩ p a tien ts  w ith o u t 
som atiza tion  d iso rder.

P atien ts w ith  so m a tiz a tio n  d iso rd e r  d escribe  the ir 
sy m p to m s as m ore severe and  co m p la in  of them  rnore 
vocallv  than  do o th e r pa tien ts . P atien ts w ith  th is 
d iso rd e r  are n o to rio u sly  d iffìcu lt to m anage in the treat- 
m en t se tting . T hey  also re p o rt m ore m e d ica tio n  side 
effects and  en c o u n ie r  m ore trea tm en t co m p lica tio n s 
th an  o th e r p a tien ts . T hey  m ay be h igh ly  d em an d in g  
a n d  d ram atic . S im ilar o bse rva tions have been  m ade 
ab o u t the p re se n ta tio n  o f irritab le  bow el synd rom e. 
T he a m o u n l of overlap  o f so m a tiz a tio n  d iso rd e r  w ith  
irritab le  bow el sy n d ro m e in  p a tien t p o p u la tio n s , how - 
ever, m akes ii im possib le  to sep ara te  ch a rac te ris tic s  o f 
the so m atiza tio n  d iso rd e r  from  those of the irriiab le  
bow el synd rom e. In  th e  irr itab le  bow el sy n d ro m e pop- 
u la tion , m u ch  iha t is ascrib ed  to  irritab le  bow eỉ 
sy n d ro m e m ay ac tua lly  rep re se n t m an iíe s ta tio n s  of 
so m a tiza tio n  disorcier. T he ex trem e  n a tu re  o f the com - 
p la in ts  o f p a tien ts  w ith  so m a tiz aù o n  d iso rd e r  em b ed d ed  
in  an irritab le  bow el sam p le  m ay skew  R ndings in irri- 
table bow el sy n d ro m e to w ard  p o o r o u tco m es and  
co m o rb id  p sycho p ath o lo g y . T h ere ío re , s tu d ie s  o f irri- 
table bow el sy n d ro m e m u st sep ara te  p a tien ts  w ith  
so m atiza tio n  d iso rd e r  from  those  w ith o u t, to d e te rm in e  
w hat ch a rac te ris tic s  are d riv en  by the irritab le  bow el 
sy n d ro m e ra th e r  than  by  so m a tiza tio n  d iso rder.

Irritab le  bow el sy n d ro m e has been  d esc rib ed  in  as- 
so c ia tio n  w ith  a n u m b e r o f o th e r  íư nc tiona l d iso rd ers , 
b o th  w ith in  the g as tro in tes tin a l tract and  in o th e r  o rgan  
system s. F u n c tio n a l g as tro in tes tin a l d iso rd e rs  su ch  as 
irritab le  bow el sy n d ro m e o r íu n c tio n a l dyspepsia  have 
b een  rep o r te d  in  associa tion  w ith  R brom yalgia. The 
m ore severe the irritab le  bovvel syn d ro m e, the m ore 
likely it is associa ted  w ith  íibrom yalgia . Irr itab le  bow el 
sy n d ro m e has a lso b ee n  associa ted  w ith  irritab le  b la d d e r, 
íu n c tio n a l headaches, backaches, m uscle  aches , dys- 
m e n o rrh ea , u rin a ry  íreq u e n cy  an d  u rgency , n o c tu ria , 
d vsu ria , se n sa tio n  o f in co m p le te  b la d d e r em p ty ing , 
ch ro n ic  pelvic pain , p a in íu l sexual in te rco u rse , o th e r 
sexual d y s íụ n c tio n , d izz in ess , sỉeep  d is tu rb a n ce s , a n d  
ch ro n ic  iatigue. Ít also sh a re s  ov erlap p in g  íea tu res  
w ith  te m p o ro m an d ib u la r  jo in t  synd rom e, p rem e n stru a l 
sy n d ro m e, and  m itra l valve p ro lapse . P atien ts  w ith  func- 
tional bow el d iso rd e rs  v isit p rim ary  care physic ians 
for sym ptom s oư iside  the g as tro in tes tin a l trac t th ree  
tim es m ore o ften  co m p ared  to h ea lth y  ind iv iđuals .

S om atiza tion  d iso rd e r  am o n g  p a tie n ts  w ith  íu n c tio n a l 
g as tro in tes tin a l d isease m ay w ell a c c o u n t for the 
a p p a re n t overlap  o f irr i tab le  bow el sy n d ro m e  w ith  
o th e r  ỉu n c tio n a l d iso rders.

CAUSAL DIRECTIONALITIES IN  
COM ORBIDITY OF G ASTR O IN TESTIN A L  
A N D  PSYCHIATRIC DISORDERS

In  ỉu n c tio n a l g as tro in te s tin a l d isease , co m o rb id  p sych i- 
a tric  d isease is c learly  associa ted . A lth o u g h  it has lo n g  
b ee n  assu m ed  th a t th is  co m o rb id ity  re ílects  a p sych ia t- 
ric c o n trib u tio n  to thc d ev e ìo p m e n t o f th e  g as tro in tes - 
tinal d iso rd e r , th e re  is no  em p irica l d a tab ase  to su p p o rt 
th is  a ssu m p tio n , an d  th e  te m p o ra l seq u en ce  (g astro in - 
testina l d iso rd e r  íìrst, p sy c h o p a th o lo g y  ia ter) in  the m a- 
jo r ity  is n o t co n s is te n t w ith  it. A n o th e r  co n s id e ra tio n  is a 
possib ility  o f o p p o site  causa l d irec tio n a lity  in w h ich  the 
g as tro in te s tin a l d iso rd e rs  lead  to  p sy ch o p alh o lo g y . Al- 
th o u g h  it m ay seem  in tu itiv e  th a t ir ri tab le  bow el 
sy n d ro m e m ig h t e n g e n d e r an x ie ty  an d  d y sp h o ria  tha t 
co u ld  be c o n s tru e đ  to be p a rt o f m a jo r  d ep ressiv e  and  
an x ie ty  sy n d ro m es, th e  so m a tiz a tio n  d iso rd e r  associ- 
a ted  w ith  íu n c tio n a l bow el d isease  ch a rac te ris tica lly  
s ta ris  early  in  life, typ icalìy  in  th e  d ecad e  fo llo w in g p u -  
berty , and  th e re ío re  is an  u n lik e ly  o u tc o m e  o f irritab le  
bow el sy n d ro m e. F u rth e r , i t  is n o t in tu itiv e  ih a t irritab le  
bow el sy n d ro m e w o u ld  gen e ra te  m ạ ịo r  p sy c h ia tric  d is- 
o rd e rs  w h en  the sam e c a n n o t be d e m o n s tra te d  in 
severe s tru c tu ra l g a s tro in te s tin a l d iseases w ith  sign iiì- 
ca n t m o rb id ity  a n d  m o rta lity  n o t  fo u n d  in  irritab le  
bovvel svnd rom e.

A rem a in in g  so u rce  o f the lin k  b e tw e en  p sy ch ia tric  
illn ess  and  fu n c tio n a l g as tro in te s tin a l d isease  is th a t a 
th ird  variab le associa ted  w itlì b o th  the ĩu n c tio n a l gas- 
tro in te s tin a l d isease and  th e  p sv c h ia tric  d iso rd e r  p ro - 
v ides an  in d ire c t link  b e tw e en  th em . O n e c a n d id a te  to 
rep re se n t ih is  c o n n e c tio n  is s tre ss íu l life even ts, w h ich  
are sp e cu la ted  to  co n trib u te  to th e  d e v e lo p m e n t o f func- 
tional g as tro in te s tin a l d isease . In  p a r tic u la r, sexual 
abuse  h as b ee n  d esc rib ed  as associatecỉ w ilh  sy m p to m s 
o f irritab le  bow el sy n d ro m e, d y sp ep sia , an d  h e a r tb u rn , 
is an d  im p lica te d  in  the g en e ra tio n  o f irri tab le  bow el 
d iso rd er. H ow ever, causa lity  o f sex u al ab u se  in  func- 
tio n a l m ed ica l d iso rd ers  has n o t b e e n  d o c u m e n te d , an d  
sexual ab u se  is un lik e ly  to  re p re se n t a speciB c ctiơ log- 
ical factor. A m ore likely  cau sa l co n n e c tio n  is 
so m a tiz a tio n  cìisorder, vvhich o c c u rs  in  a sign iíìcaru  
p ro p o rtio n  o f íu n c iio n a l bow el d isease  cases a n d  
w h ich  is associa ted  w ith  o th e r  psychopatho logy . 
M ore rese a rch  is n eed ed  to d e te rm in e  to w hat 
degree the ch a rac te ris tic s  a ttr ib u te d  to  íu n c tio n a l



g as tro in te s tin a l d iso rd e rs  ac tu a lly  re p re se n t íea tu res  of 
th e  associa ted  so m a tiz a tio n  d iso rd e rs , a n d  w h a t rem a in s 
o f íu n c tio n a l g a s tro in te s tin a l d isease  w h en  so m atìza tio n  
d iso rd e r  cases a re  rem o v e d  a n d  the  íu n c tio n a l gastro- 
in te stin a l d isease  p o p u la tio n  is  ree x am in e d .

A th ird  variab le  lin k  b e tw e en  íư n c tio n a l g as tro in tes- 
tin a l disease an d  p sy c h o p a th o lo g y  is th o u g h t to reside  
vvithin the n eu ro lo g ic  w irin g  o f  the  b ra in  an d  gu t, w h ich  
sh a re  co m m o n  n e u ro tra n s m itte r  su b stan ce s  an d  are 
connectecl in  a b r a in —g u t c o m m u n ic a tio n  netvvork. 
T he ro le  su c h  sy stem s m ay  p ỉay  in  th e  a sso c ia tio n  o f 
p sy c h o p a th o lo g y  w ith  íu n c tio n a l g as tro in te s tin a l d is- 
ease is th eo re tica l, hovvever, a n d  em p irica l valida tion  
is needed .

Ư nlike lu n c tio n a l g a s tro in te s tin a l d iseases, s tru c- 
tu ra l bow el d iseases a re  no t g en e ra lly  assoc ia ted  vvith 
p sy ch o p a th o lo g y  b e y o n d  the  n o n sp e c if ic  asso c ia tio n s  of 
p sy ch ia tric  d iso rd e rs  an d  c h ro n ic  m ed ica l d isease in  
general. O ne ex c ep tio n  ap p e a rs  to  be C ro h n  s cỉisease, 
w h ich  has b een  seen  to be  s ig n iíìc an tly  associa ted  w ith  
p sy ch o p a th o lo g y . A lth o u g h  th e  asso c ia te d  p sychopa- 
th o lo g y  in  b o th  C r o h n s  d isease  a n d  íu n c tio n a l gastro - 
in testin a ỉ d iso rd e rs  in c lu d es  in a jo r  dep ressiv e  and  
an x ie ty  d iso rd e rs , irr itab le  b o w el sy n d ro m e  d iííe rs  
from  C ro h n ’s d isease  in  its  ír e q u e n t asso c ia tio n  w ith  
so m a tiz a tio n  d iso rđ e r , w h ic h  in  tu rn  m ay be a large 
so u rce  o f the  asso c ia ted  an x ie tv  a n d  d ep ressio n . T here- 
fore, a lih o u g h  these  tw o c o n d itio n s  sh a re  an  associa- 
tio n  vvith p sy c h ia tric  illness, th e  spec iíic  p sy ch ia tric  
c o n io rb id itie s  are  very  d iffe ren t. A lth o u g h  lon g -stan d - 
ing  in  m ed ica l lo re , a s su m p tio n s  oí psycho log ical etio l- 
og ies o f s tru c tu ra l b o w el d isease  la ck  em p irica l su p p o r t 
in  th e  research  lite ra tu re .

TREATM ENT IM PLICA TIO NS

In  co n s id e ra tio n  o f c o m o rb id  p sy c h ia tric  d isease  in  the 
tre a tm e n t o f g a s tro in te s tin a l illn ess , it is im p o rta n t to 
d iffe ren tia te  m a jo r  p sy c h ia tric  d iso rd e rs , su ch  as m ajo r 
d ep re ss io n , íro m  p sy ch o lo g ica l sy m p to m s, su ch  as 
d y sp h o ria . M ajo r d ep re ss io n  an d  a n x ie ty  d iso rd e rs  con- 
s ti tu te  se rio u s  p sy c h ia tric  illn ess  asso c ia te d  w ith  sign ií- 
ic an t suffering , d isab ility , m o rb id ity , m o rta lity , p o o r 
m ed ica l o u tc o m e, an d  in c reased  m ed ica l costs. D ocu- 
m e n te d  success in  sa tỉs fac to ry  tre a tm e n t o f m a jo r 
p sy ch ia tric  d iso rd e rs  d ic ta te s  ac tiv e  v ig ilance for psy- 
c h ia tr ic  d iso rd e rs  in  the  m a n a g e m e n t o f  m ed ica l d iso r- 
ders. N ot to be c o n íu se d  w ith  m a jo r  p sy ch ia tric  illness, 
d y sp h o ria  an d  a n x ie ty  sy m p to m s m av  be u n d e rs ta n d - 
ab le  resp o n ses to se rio u s  m ed ica l illn ess , o r  they  m ay be 
p a r t of m any  “p sy c h o ro rm ” c o m p la in ts  am o n g  p a tien ts  
w ith  so m a tiz a tio n  d iso rd e r  w h o  are  by d e íìn itio n  poly- 
sy m p to m atic . lt is im p o rta n t to  a p p ro a c h  b o th  resea rch

an d  c lin ical m an ag em en t in  p sy ch o p a th o lo g y  in  the 
c o n tex t o f g as tro in te s tin a l d isease d iag n o stica lly , to 
m ake ihese  d is tin c tio n s , w h ich  w ill d rive  trea tm e n t 
dec isions.

D -ysphoria an d  an x ie ty  assoc ia ted  w ith  g as tro in tes- 
tin a l d isease  in  m ed ica l p rac tice  m ay be m an ag ed  by 
su p p o rtiv e  p sy c h o th e rap y  and  m ed ica l education . 
M ajor d ep re ss io n  an d  an x ie ty  d iso rd ers  re sp o n d  to 
tre a tm e n t w ith  an tid e p re ssa n t an d  an tia n x ie ty  m edica- 
tio n s an d  p sy ch o th erap y . D epressive an d  an x ie ty  com - 
p la in ts  a ris in g  from  so m atiza tio n  d iso rd e r  ra th e r  than  
p rim ary  m a jo r  dep ressivc  o r an x ie ty  d iso rd e rs  are bcst 
m anaged  in  th e  c o n te x t o f  so m a tiz a tio n  d iso rd e r . M an 
agem en t o f  so m a tiz a tio n  d iso rd e r  invo lves avo id ing  
the  p o le n tia l for ia tro g en ic  h a rm  to th e  p a tien t 
th ro u g h  su rg ica l an d  invasive d iag n o stic  p ro ce d u re s  
an d  ab u sab le  m e d ica tio n s  su ch  as n a rc o tic s  an d  benzo - 
d iazep in es , w h ich  these  p a tien ts  o ften  receive in ap p ro - 
p ria te ly  in  resp o n se  to the m a g n itu d e  o f sub jective  
co m p la in ts  th a t are  n o t su b s ta n tia te d  by ob jective find- 
ings o f  d isease . In te rp re ta tio n  o f s tress íu l life even ts is 
b es t considerecỉ in  th e  c o n tex t o f  p sy c h ia tric  d iagnosis , 
w ith  c a u tio n  in  a sc rib in g  causal a t tr ib u tio n , because  
asso c ia tio n  o f su ch  even ts w ith  íu n c tio n a l gastro in - 
te s tin a l d iso rd e rs  and  p sy c h ia tric  d iso rd e rs  d o es no t 
d e m o n s tra te  e tio log ic  o rig ins. P sych ia tric  d iso rd ers  
m ay inc rease  r isk  o f the  o cc u rre n ce  o f negative  life 
even ts, an d  so m a tiz a tio n  d iso rd e r  is associa ted  w ith  
in c reased  re p o rtin g  o f  trau m a tic  evenls.

A lth o u g h  rec o g n itio n  o f the asso c ia tio n s o f psycho- 
pa tho logy , s tre s s íu l life events, an d  íu n c tio n a l gastro in - 
testina l d isease can  aid  the reco g n itio n  o f íu n c tio n a l 
g as tro in te s tin a l d isease  an d  p sy ch ia tric  d iso rd e rs , treat- 
m e n t sh o u id  be b ased  o n  d iag n o stic  assessm en ts  ra th e r  
than  on  a ssu m p tio n  o f causality . F o r exam ple , p sycho- 
th e rap y  to solve p sycho log ical co n ílic ts  su rro u n d in g  a 
sex u a l abuse  h is to ry  based  on assu m p tio n s  of the  o rig in s 
o f irritab le  bow el in  the  h is to ry  o f ab u se  is n o t a logical 
ap p ro a ch  to tre a tm e n t of the  d iso rd e r  b ased  o n  em pir- 
ical research .

C O N C L U SIO N S A N D  SUMMARY

F u n c tio n a l an d  s tru c tu ra l g a s tro in te s tin a l d iseases have 
b ee n  seen  to have very  d iffe ren t asso c ia tio n s  w ith  psy- 
ch o p a th o lo g y . D esp ite  a lo n g  h is to ry  o f a s su m p tio n  of 
psycho log ical o rig in s  in  m any  s tru c tu ra l g as tro in tes ti-  
n a l d iseases, su c h  as in ílam m ato ry  bow el d isease an d  
p ep tic  u lc e r d isease , em p irica l da ta  do  id.entify associ- 
a tio n s s u p p o r tin g  su c h  a re la tio n sh ip . In  co n tra s t, func- 
tiona l bow el d iseases have been  seen  to be h igh ly  
associa ted  w ith  p sy ch o p a th o lo g y , b u t ev idence  does 
n o t spec iíy  a causa l re la tio n sh ip . M an ag em en t of



p sy chopatho logy  in  the co n tex t o f g as tro in te s tin a l ill- 
ness sh o u ld  be a im ed  a t d iagnosis o f m a jo r  p sy c h ia tric  
illness an d  ap p lica tio n  of trea tm e n t a p p ro a c h e s  ap p ro - 
p ria te  to  the d iso rd ers  iden tiíìed .
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abuse Threats or actions of an emotional, sexual, or physical 
nature in which a power differential exists between the 
perpetrator and the victim. 

antidepressant A class of clrugs, the prim ary effect of which 
is to correct neurotransm itter imbalance in the Central 
nervous system occurring in a major depression. 
Antidepressants tend lo be useíul in  the functional 
gastrointestinal disorders, both to treat concom itant 
anxiely and depression and to reduce pain. 

anxiety d isorder Excessive anxiety and worry thai cannot be 
controlled and is persistent vvith a range of symptoms. 
Mild íorỉtis include phobias; more severe íorm s include 
panic disorder.

bioíeedback The use of electronic or mechanical devices to 
proviđe visual and/or auditory iníorm ation (feedback) 
on a biological process for the purpose of Leaching an 
individual to control the bioiogical process. 

bulking agents Macromoiecular substances that increase 
stool bulk and soften feces by water binding. They may 
be of plant orígin (e.g., bran, Pìantago) or synthetic (e.g., 
polyethylene glycol). They cannot be split by the 
enzymes of the hum an gut, but may be partially digested 
by the colonic flora. 

depressive disorders Depression accom panied by reduced 
activity, reduced appetite, changes in sleep pattern, 
íeelings of íatigue or loss of energy, and íeelings of guilt 
or worth!essness. Suicidal ideas occur in severe forms. 

dualism  A concept, first proposed by Descartes, that 
separates m ind and body. Cartesian duaiism  (the 
biomedical model) is the dom inant model of illness in 
Western society and is challenged by the biopsychosocial 
model.

health-related quality of life The impact that illness has on 
quality of life, including the individuars perception of 
his OI her illness.

Irritab le  bow el synd rom e (IBS) is d e íined  as a g roup  of 
íunc tional bow el d iso rd ers  in w h ich  abdom inal discom - 
fort or p a in  is associa ted  vvith d e ỉeca tio n  o r a change in  
bow el hab it. The recen tly  revised  Rom e II d iagnostic  cri- 
te ria  for IBS inc lude abdom inal pain  or d isco m ío rt per- 
s is ting  for a t least 12 w eeks o r m ore th a t has tw o o r th ree 
of the  follow ing íeatu res: (1 ) re lie ỉ w ith  de íecation ; an d /o r 
(2) a change in  frequeney  of stoo l; an d /o r  (3) a change in  
íb rm  (appearance) o f stoo l. S ym ptom s assoc ia ted  w ith  
IBS include the following: ab n o rm a l stoo l írequency

(m ore th a n  th ree  bow el m ovem ents per day or less 
than  th ree  bow el m ovem ents p e r  w eek), abnorm al stoo l 
form  (h ard  o r loose/w atery  s too l), abnorm al stoo l passage 
(s tra in in g  o r urgency, íeeling o f incom plete evacuation), 
passage o f m ucus, and b loating  or ĩeeling of abdom inal 
d is ten s io n . IBS is estim ated  to aííect 9 —22%  of the 
W e ste rn  popu la tion . However, of those aííected , very 
few seek  m ed ica l consulta tion  or trea tm en t for their gas- 
tro in te s tin a l (G I) sym ptom s. IBS accounts for 28%  of 
gastroen te ro log ica l practice and 12% of prim ary care in 
W este rn  societies. R ecent surveys have suggested  tha t 
in d iv id u als  w ith  GI sym ptom s íìrst p resen t to  a physician 
b e tw een  the ages of 30 and 50 years and there appears to 
be a decrease  in  repo rting  írequency am ong older adults. 
P revalence ra tes have been íound  to be sim ilar am ong 
C aucasians an d  Aírican A m ericans. T here have been 
only  a lim ited  num ber of s tud ies  o f non-W estem  ethn ic 
g ro u p s b u t the available rep o rts  suggest that IBS appears 
to  be as  com m on in India, C hina, Japan , and South 
A m erica as in  W estern  societies. Surveys in the U nited 
S tates in d ica te  that IBS is associa ted  w ith  unnecessary  
p ro ce d u re s  an d  surgeries and  resu lts  in over 2 .2 m illion 
p resc rip tio n s  p e r  year. In  C anada, it is estim ated  th a t at 
least 1.3 m illion  people have IBS, w hich accounts for over 
$1 .3  b illio n  p er year in  d irec t and ind irect health  care 
costs. T he econom ic im pact o f IBS is considerable because 
in  a d d itio n  to  these  m edical costs, IBS resu lts  in decreased 
w o rk  p ro d u ctiv ity . N ext to the com m on cold, it ranks as 
the second  m ost com m on cause of w ork  absenteeism . 
F ư rth erm o re , difficulties in  d iagnosis and trea tm en t pro- 
duce u n ce rta in ty , íru stra tion , and  dissatisfaction  w ith in  
the  p a t ie n t—physic ian  rela tionsh ip , w hich can affect pa- 
tien t sa tisfac tion , adherence to trea tm en t, and the clinical 
ou tcom e.

BIO PSYCH OSO CIAL M ODEL OF 
IRRITABLE BOW EL SYNDROME

W ith in  a b iopsychosocia l fram ew ork , it is no longer 
im p e ra tiv e  th a t resea rch e rs  try to assess w h e th e r  
p a in  o r b o w el sym ptom s are caused  by  physio logical, 
p sy ch o lo g ica l, o r social factors. R ather, the goal of 
in v e s tig a to rs  is to d e te rm in e  the ex ten t to w h ich



these m u ltip le  ĩac to rs con iribu tc  10 irritab le  bovvel 
sy n d ro m e (IBS). T he research  and clin ical challenge 
ĩaced by inv estig a to rs  and clin ic ians is to de term ine  
for each in d iv id u a l the degree to vvhich each of these 
in te rac tin g  factors is p resen t and m odiíỉab le using  a 
m u ltitu d e  of th e ra p eu tic  options. Beíore tu rn in g  to 
the speciíic p sy ch o so cia l issues tha i have b een  identiR ed 
in  the lite ra tu re  o n  IBS, this article w ill d iscuss the 
stigm a associatecỉ w ith  IBS ancỉ the  íact tha t m ost of 
the research  to  date  has íocused on one gender 
w hen  describ in g  psychosocia l íactors and  in te rv en tio n s 
in  IBS.

STIGM A

N early  every m ed ica l specialtv  has iden tiíied  a íunc- 
tional som atic  sy n d ro m e (FSS). T hese syn d ro m es are 
usually  deíỉned  by physical sym ptom s u n ex p la in ed  by 
o rgan ic  disease. T he te rm  ‘T unctỉonaP  im plies a d is tu r- 
bance of physio log ica l íu n c tio n  ra th e r  than  ana tom ica l 
s tru c tu re . F u n c tio n a l is o íten  co n tra sted  w ith  organic 
and  is often  concep tua lized  as psychogenic and  less 
“rea l.” The stigm a associa ted  vvith the  term  íu n c tio n a l 
has resu lted  in  a varie ty  of labels used to describe FSSs, 
in c lu d in g  som atic  clisorders, hea lih  anxiety , physical 
sym ptom s u n ex p la in e d  by organic d isease , u n ex p la in ed  
m edical sym ptom s, and  psychophysio logical d iso rders. 
O ne of the m ost com m on  FSSs that have received 
inc reased  resea rch  an d  clinỉcal a tten tio n  d u rin g  the 
past decade is IBS.

In W este rn  soc ie ties in general, and in m ed icine  in 
particu ỉa r, th e re  is a m oral im plication  to hav ing  a FSS. 
ư n d e rly in g  the  dualistic  m etaphysics of W este rn  m ed- 
ic ine, illness is a ttr ib u ted  to im personal causes or 
v iew ed as an  acc id en t th a t beĩalls the  p a tien t as v ictim  
o r else is v iew ed  as psychologically  caưsed and  m ed iated  
and  po ten tia lly  u n d e r  the p e rso n s  vo lu n ta ry  contro l. 
The m orallỵ  pejo ra tive  conno ta tions o f a FSS o ften  
leave p a tien ts  believ ing  that thc ir p rob lem s are n o t 
being  trea ted  as rea l b u t in stead  are due to a psycholog- 
ical o r m oral de íec t o r w eakness. R esearch ind ica tes  tha t 
d iso rd ers  d isp ro p o rtio n a te ly  p reva len t in w oraen, su ch  
as IBS, are often  triv ia lized  or dcscribed  as psychological 
in  o rig in . T hus, w om en  may bc especially  a tten tive  to 
the possib iiity  th a t th e ir  illness sym ptom s are no t be ing  
tak en  seriously . A ccord ingly , it is iin p o rtan t to h igh ligh t 
tha t, w h en  a p e rso n  w ith  IBS is rele rrcd  to a h ea llh  care 
p ro íess ional, he or she m ay com e in to  ihe offìce vvith the 
ex p ec ta tio n  th a t the caregiver does no t th ink  h is o r  her 
sym ptom s are  real o r serious, but are ‘aỉl in  h is o r  h er 
h ead .” V alidating  the reality  oí the p erson  s sym ptom s 
an d  cha lleng ing  soc ie ty ’s view of the artiíicial dua lism  oi 
fun ctio n al/o rg an ic  co m p o n en ts  of illness can enhance

the th e ra p e u tic  a lliance . T h e  s tigm a associa ted  w ith  IBS 
íu r th e r  h ig h lig h ts  th e  n ee d  for p a tie n ts  an d  h ea lth  p ro -  
fessionals to  c o n c e p tu a liz e  IBS w ith in  a b iopsychosocia l 
fram ew o rk .

G EN D ER

IBS is a d iso rd e r  th a t is d iag n o sed  m ostly  in  w om en . 
A lth o u g h  m e n  an d  w o m en  are affec ted  b ỵ  IBS, s tu d ie s  
co n s is te n tly  d e m o n s tra te  th a t w o m en  o u tn u m b e r  m en  
w ith in  the  n o n p a t ie n t p o p u la tio n , w ith in  p rim ary  care 
se ttin g s , a n d  vvithin te rtia ry  care se ttin g s. T o date, m ost 
o f the  in ío rm a tio n  a b o u t IBS has b ee n  d raw n  from  
w o m en  re se a rch  p a r tic ip a n ts . A revievv o f the lite ra tu re  
in d ic a te d  th a t the  m a jo r ity  of s tu d ie s  investiga ting  IBS 
u sed  o n ly  w o m en  in  ih e ir  sam ples. M oreover, am o n g  
the  few  s tu d ie s  th a t d id  in c lu d e  m e n , a g e n d e r d ifference 
an a ly sis  w as ra re ly  p e r ío rm e d . S tu d ies  th a t exam ined  
sex  d iffe ren ces d id  so  o n ly  in  a d esc rip tiv e  m an n er, dicl 
n o t  te s t for s la tis tica lly  sign ifican t d iffe rences, an d  sam - 
p led  on ly  a sm all n u m b e r  o f p eop le . O f those  s tud ies  th a t 
in v e s tig a ted  sex  d iĩíe re n c e s  an d  in c lu d e d  b o th  m ale an d  
íem ale  p a r tic ip a n ts  in  th e  sam p le , th e  focus was in  the 
a reas  o f  íreq u e n c y  o f ph y sic ian  v isits, psychological 
sv m p to m s, ph y sica l sy m p to m s, an d  ab u se  h isto ries. 
T h u s  far, the  li te ra tu re  suggests th a t th e re  are few 
c o n s is te n t sex d iffe rences. H ow ever, s ince  a sign iíìcan t 
pe rc en ta g e  o f p a tie n ts  w ith  IBS arc w o m en , the issue of 
g e n d e r  m u st be  in te g ra te d  in to  the  co n cep tu a liza tio n  
a n d  tre a tm e n t o f ih is  d iso rd e r .

ROLE OF PSY CH O SO C IA L FACTORS

T h ere  is an  in c re a s in g  co n sen su s  in  the  lite ra tu re  that 
spec iíìc  p sy c h o so c ia l ía c to rs  are n o t ch a rac te ris tic  o f the 
d iso rd e r  an d  th u s  a re  n o t c o n s id e red  as a p a rt o f a di- 
agnosis . N o n e th e le ss , p sychosocia l íac to rs arc im por- 
ta n t to  id en tifỵ  in  o rd e r  to h e lp  to  u n d e rs ta n d  the ir 
ro  le in  c lin ica l p re s e n ta t io n  a n d  in  p la n n in g  relevant 
in te rv e n tio n s . It is im p o r ta n t to  k eep  in  m in d  th a i the 
spec iíic  p sy ch o so c ia l íac to rs  d esc rib ed  below  are no t 
u n iq u e  to  p a tie n ts  w ith  IBS b u t have b ee n  rep o rted  to 
o cc u r in  o th e r  p a tie n ts  w ith  c h ro n ic  m ed ica l cond itions. 
R esearch  o n  th e  ro le  of p sy ch o so cia l íac to rs in  IBS has 
ío c u sed  o n  fo u r g en e ra l areas: an x ie ty  a n d  depression ; 
stress; ab u se ; a n d  q u a litv  o f life.

Anxiety and Depression

A large p ro p o rtio n  o f p a tien ts  w ith  IBS m aniíest 
c o n c u r re n t an x ie ty  a n d /o r  d ep ressio n . R esearch using  
standard izec l intervievvs in d ic a te s  th a t am ong  IBS 
p a tien ts  in  te rtia ry  h e a lth  cen te rs , the  p revalence of a



p sy ch ia tric  d iso rd e r  (m ain ly  a n x ie tv a n d  d ep re ss iv e  dis- 
o rd e rs )  ranges from  40  to ov er 90% . T h re e  possib le , 
in te rre la te d , e x p la n a tio n s  for the a s so c ia tio n  betvveen 
IBS a n d  an x ie ty  an d  d ep re ss io n  are  su g g e s ted  here . The 
first is  th a t the  c o -o c cu rre n ce  o f IBS w ith  a n x ie ty  and  
d ep re ss io n  m ay sim p ly  be d u e  to  o v e rre p re se n ta tio n  of 
these d iso rd e rs  am o n g  w o m en  in the  g en e ra l p o p u la -  
tion . A  seco n d  p o ssib le  e x p la n a tio n  is th a t p eo p le  w ith  
IBS a n d  an  asso c ia ted  an x ie ty  o r  d ep re ss iv e  d iso rd e r  
seek  m o re  specializecỉ h e lp  th a n  p eo p le  w ith  IBS w ith o u t 
an x ie ty  a n d /o r  d ep re ss io n . T h u s , th e  fo rm e r g ro u p  m av 
be m o re  like ly  to  e n te r  the H ealth  ca re  sy stem  because 
thev  have m o re  d ifficu lty  co p in g  w ith  th e ir  IBS 
sym p to m s. F inally , it is also  p o ssib le  th a t IBS m ay 
have su c h  a d e b ilĩta tin g  cffect o n  in d iv id u a ls ' lives 
th a t a n x ie ty  an d  d e p re ss io n  m a n iíe sl. l t  is im p o r ta n t 
to  n o te  th a t a lth o u g h  the  p rev a len ce  o f a n x ie ty  an d  de- 
p ressive  d iso rd e rs  is o v e rre p re se n te d  am o n g  th e  su b se t 
o f p a tie n ts  seek in g  h e a lth  care for th e ir  g as tro in te s tin a l 
(G I) sy m p to m s, th ese  d iso rd e rs  a re  n o t a sso c ia ted  vvith 
IBS p e r  se.

Stress

S tressíu l ev en ts  p ro d u c e  GI sy m p to m s in  m o s t peo- 
ple b u i  p a tíen ts  w ith  IBS m ay be p a r tic u la rly  su sc ep tib le  
an d  h av e  a g rea te r reac tiv ity  to  s tress. A m o n g  p a tien ts  
w ith  IBS, slress  is asso c ia ted  vvith sy m p to m  o n se t an d  
severity . M oreover, re se a rch  su g g ests  th a t p a tie n ts  w ith  
IBS re p o r t m o re  liíe tim e  an d  daily  s tre s so rs  w h e n  com - 
p ared  w iih  o th e r  m e d ica l p o p u la t io n s  o r  h e a l th y  C on
tro ls. T hus, id en tify in g  specỉíìc  ty p es o f  s tresso rs , 
in c lu d in g  p sy ch o lo g ica l, soc ia l, p h y sic a l, d ie ta ry , an d  
h o rm o n a l s tresso rs , th a t are re la ted  to  an  e x a ce rb a tio n  
of GI sy m p to m s m ay  be h e lp íu l in  d ev is in g  a trea t- 
m e n t p la n  th a t u tilize s  a p p ro p r ia te  a n d  re lev an t 
in te rv en tio n s .

Abuse

P a tie n ts  d ia g n o sed  w ith  íu n c tio n a l b o w el d iso rd e rs  
a re  s ỉg n iík a n tly  m o re  likely  th a n  p a tie n ts  w ith  o rg an ic  
bow el d iso rd e rs  to  havc h ad  a h is to ry  o f  fo rced  in te r-  
co u rse  a n d  to  h av e  ex p e r ie n c e d  ĩre q u e n t p h y sic a l abuse. 
M o reo v e r, fem ale p a tie n ts  w ith  fu n c tio n a l GI d iso rd e rs  
are m o re  like lỵ  to  have  ex p e r ie n c e d  liíe - th re a te n in g  
physica l abuse  an d  to  have b e e n  v ic tim s o f  rap e  in  
th e ir  liíe tỉm e  w h en  c o m p ared  w ith  c o n tro l g ro u p  fem ale 
p a tien ts . S tud ies in d ic a te  th a t a h is to ry  o f p h v sica l o r 
se x u a l abuse  am o n g  p a tie n ts  vvith íu n c tio n a l GI d iso r- 
d e rs  c o n tr ib u te s  Lo p o o r  H ealth  s ta tu s . SpeciR cally , 
w o m en  vvho have e x p e rien c ed  ab u se  are  m o re  likely  
th a n  w o m en  w ho  have  n o t e x p e r ie n c c d  ab u se  to  com -

p la in  a b o u t pelv ic pa in , headaches, backaches, ía tigue , 
a n d  jo in t  p a in  lo  th e ir  physic ians.

S exual abuse , in  p a r tic u la r , m av ac t as a nonspecific  
b.ut severc psvcho log ical s tre sso r, inc reasing  physio log- 
ica l a ro u sa l an d  th e reb y  triggering  o r exacerba ting  a 
p a t ie n t’s GI sym ptom s. H ow ever, d esp ite  the s tro n g  
ev id en c e  reg a rd in g  the p reva lence  an d  ram iíica tio n s 
o f  physica l an d  sexual ab u se , few stu d ies  to date  ha ve 
e x a m in e d  the im p ac t o f em ọ tio n a l abuse  am ong  p a tien ts  
w ith  IBS. In  one rec en t s tu d v , em o tio n a l abuse w as 
ío u n d  to  be sign ifican tly  n io re  p rev a len t in  the 
w o m e n  w íth  IBS seen  a t  te rtia ry  cen te rs  th an  in  the 
w o m c n  w ith  o rg an ic  bow el d iso rders. ư s in g  a 
qu a lita tiv e , se m is tru c tu re d  in te rv iew , it was found  
th a t a large n u m b e r  o f vvomen w ith  IBS perceivcd  
th a t past physical, se x u a l, o r  em o tio n ạ l abuse  p laved  
an  im p o r ta n l ro le  in  the p re c ip ita tio n  an d /o r  exacerba- 
tio n  of th e ir  GI sym ptom s.

Quality of Life

R esearch  suggests th a t p a tie n ts  w ith  IBS have sign ií- 
ic an tly  p o o re r  h e a lth -re la te d  quality  o f life th an  the 
g en e ra l p o p u la tio n  o r o th e r  p a tien t g ro u p s (su ch  as 
d ia b e te s  and  end -stage  re n a l clisease). w h e n  co m p ared  
w íth  p a tie n ts  hav ing  o th e r  GI co n d ítio n s , physical, em o- 
tio n a l, an d  soc ial ro le  íu n c tio n s  a n d  energy  w ere p o o re r  
am o n g  p a tien ts  w ith  IBS. H ow ever, th is  general fm ding  
is  qualiR ed su ch  tha t th e  d eg ree  oi im p a irm en t am ong  
p e o p le  w ith  IBS re la tes to  the  ta rg e t p o p u la tio n  s tud ied . 
Specifically , n o n p a tie n ts  w ith  IBS have h ea lth -re la ted  
q u a lỉty  o f liíe sco res th a t a re  in te rm ed ia te  be tw een  re- 
fe rre d  IBS p a tien ts  an d  n o n p a tie n t c o n tro l g roups. 
w h e n  u s in g  q u e s tio n n a ire s  speciíic to  IBS, pa tien ts  
fare th e  w o rs t in  te rm s o f  foocl avo idance, ac tiv ity  in- 
te ríe ren c e , an d  h e a lth  w o rry  concern . It w as also ío u n d  
th a t q u ality  o f life im p ro v es  in  re la tio n  to changes in  
p a ỉn  severity  an d  daily  [u n c tio n  after psycho log ical o r 
a n tid e p re s sa n t trea tm en t.

PSYCH OSOCIAL INTERV EN TIO NS

In  genera l, co n tro lled  s tu d ie s  have d em o n stra te d  the 
e ffectiveness of trea tin g  IBS w ith  cogn itive-behav io ral 
th e ra p y , re lax a tio n  tra in in g , hypnosis , an d  đ y n am ic / 
in te rp e rso n a l therapy . S ince m o st o f the research  to  
d a te  h as  ío cu sed  o n  cogn itive -behav io ra l the rap ies , 
th is  sec tiơn  is d iscussed  in  m ore deta il rela tive to  the 
o th e r  the rap ies .

Cognitive-Behavioral Therapy

C o g n itiv e -b eh av io ra l te ch n iq u e s  co n sis t o f a w ide 
ran g e  o f stra teg ies an d  p ro c e d u re s  designcd  to b rin g



ab o u t a lte ra tions in  p a tien ts ’ p ercep tio n s of th e ir  situ - 
a tion  an d  the ir ab ility  to  co n tro l the ir GI sym ptom s. T he 
íocus in  cogn itive-behav io ral therapy  (CBT) is on  ex- 
p lo rin g  how  certa in  co gn itions and  behaviors m ay affect 
GI sym ptom s an d  associa ted  psychosocial d istress.

T here have b een  12 co n tro lled  stud ies in c lu d in g  
cognitive-behavioral o r cognitive techn iques in  the 
trea tm en t of IBS. M ost o f these techn iques have been  
used  w ith in  a m u ltico m p o n en t cognitive-behavioral 
trea tm en t package. T re a tm en t packages have in c lu d ed  
various co m b in atio n s o f cognitive therapy , stress m an- 
agem ent tra in ing , co n tingency  m anagem ent, re laxation  
techn iques, p sy ch o -ed u ca tio n a l com ponen ts , assertive- 
ness tra in ing , p a in  m anagem en t, and  bow el hab it train - 
ing. A sign iíìcan t am o u n t of cvidence su p p o rts  the 
efficacy of CBT in  re liev ing  IBS svm ptom s and  psycho- 
logical d istress (nam ely , depression  and anx iety ) rela- 
tive to co n tro l co n d itio n s , su ch  as w aiting  ìist con  troi 
g ro u p , an tisp asm o d ics  and  bu ỉk in g  agents co n tro l 
g ro u p , sy m p to m -m o n ito rin g  con tro l group , a tten tio n  
p lacebo con tro l g ro u p , and  psycho-educational con tro l 
g roups. A b rief su m m ary  of find ings from  CBT packages 
w ill be p resen ted  by con tro l g roup . C om pared  to a wait- 
ing lis t con tro l g ro u p , one study  íound  th a t CBT im- 
p roved  abdom inal sym ptom s, coping  strateg ies, and 
avoidance behavior. Several stud ies have fou n d  tha t 
CBT resu lted  in  su p e rio r  o r  sim ilar im provem en t in 
GI sym ptom s vvhen co rap ared  to the  use of an tispas- 
m od ics an d /o r b u lk in g  agents. S tudies tha t com pared  
CBT to sy m p to m -m o n ito rin g  Controls found th a t CBT 
trea tm en t packages im proved  GI sym ptom s an d  psy- 
c h o lo g ic a l  d istress r e la t iv e  to  C ontrols. O n e  s tu d y  in d i-  
cated  th a t CBT g ro u p  the rapy  im proved  depressive 
sym ptom s an d  bow el sym p to m  diary  scores. S im ilar 
im p ro v em en ts  w ere  n o t fo u n d  in  the psycho-educa- 
tional g roup . F inally , s tu d ies  using  cognitive the rapy  
found  sign ifican t im p ro v em en t in  IBS sym ptom s, 
dep ression , an d  anx ie ty  re la tive  to sym ptom  m o n ito rin g  
and  sign iíìcan t im p ro v em en t in  IBS sym ptom s and 
d e p re s s io n  re la tiv e  to  a n  a tte n tio n a l-p la c e b o  c o n tro l.

Relaxation Training

R elaxation  o r  aro u sa l red u c tio n  techn iques encom - 
pass a variety  o f d iffe ren t m e th o d s used to teach p a tien ts  
how  to co u n te rac t the physio logical sequelae of s tress  o r 
anxiety . T he ra tio n a le  for these techn iques is p rem ised  
on  the  b elief tha t if m usc le  ten sio n  or au tonom ic a rousa l 
decreases, sub jective anx iety  or tension w ill also de- 
crease as a consequence. T he m ost com m on arousa l 
red u c tio n  tech n iq u es inc lude  Progressive m uscle relax- 
a tio n  train ing , b io íeed b ack  for stria ted  m uscle ten sion , 
sk in  tem p era tu re , o r  elec troderm al activity, au togen ic  
tra in ing , and  tran sc en d e n ta l o r Yoga m edita tion .

T h ese  te ch n iq u e s  a re  typ ically  co m b in ed  w ith  o th e r  
tre a tm e n ts , m a k in g  it d ifficu lt to  d e te rm in e  th e  p rec ise  
c o n tr ib u tio n  o f re la x a tio n  tra in ing . M oreover, su p p o rt 
for the  effìcacy o f any  o n e  re la x a tio n  tra in in g  tech n iq u e  
for th e  tre a tm e n t o f IBS is  in conclu s ive . O ne s tu d y  tha t 
d id  eva lua te  P rogressive  m uscle  re la x a tio n  a lo n e  fo u n d  
g rea te r  re d u c tio n s  in  IBS sy m p to m s w h en  co m p ared  
w ith  the  sy m p to m -m o n ito r in g  co n tro l g roup . H ow ever, 
o th e r  re se a rc h  in d ic a te s  th a t sp ec iíic  b io feed b ack  to 
m od ify  co lo n  c o n tra c tio n s  w as n o t effective for IBS 
even  th o u g h  g e n e ra liz ed  b io íeed b ack  w ith  o th e r  relax- 
a tio n  te ch n iq u e s  has b e e n  used  successíu lly .

Hypnosis

T he h y p n o tic  “State" is one  o f h e ig h ten ed  suggest- 
ibility . F o llo w in g  in d u c tio n , th e  h y p n o th e ra p is t uses 
Progressive m u sc u la r  re la x a lio n  p lu s  suggestions of 
re la x a tio n  to  red u c e  s tr ia ted  m u sc le  tension . “G ut- 
d ire c te d ” im agery  an d  su g g estio n s are  u sed  to relax  
GI sm o o th  m uscle . H y p n o th e ra p y  sessions end  w ith  
the  p a tie n t b e in g  to ld  th a t he o r she  w ill feel positive 
and  good  a b o u t h im s e lĩ o r herselỉ. P atien ts are also 
asked  to  p rac tice  a u to h y p n o s is  at hom e w ith  an  aud io - 
tape, w ith  the  u ltim a te  goal o f b e ing  able to ad m in is te r  
su g g estio n s o f re la x a tio n  to  them selves.

S tud ies  o n  h y p n o th e ra p y  have ío u n d  th a t hypnosis 
re su lts  in  a re d u c tio n  o f  ab d o m in a l p a in  an d  a lte red  
bow el h ab its  th a t can  be m a in ta in ed  for at least 18 
m o n th s . Im p ro v e m e n ts  in  qu ality  o f life , psychological 
sy m p to m s, an d  rec ta l p a in  se n sitiv ity  have also been  
found .

Dynamic/Interpersonal Therapy

D ynam ic o r  in te rp e rso n a l p sy c h o th e rap y  is derived  
from  p sy c h o d y n am ic  p r in c ip le s  a n d  in teg ra te s  h u m an- 
istic an d  in te rp e rso n a l concep ts . T h is ap p ro a ch  differs, 
how ever, fro m  th a t o f trad itio n a l p sychoanalysis  by 
m ov in g  aw ay from  th e  asym m etrica l re la tio n sh ip  be- 
tw een th e  th e ra p is t a n d  th e  p a tien t. D y n am ic /in terp er- 
sona l p sy c h o th e ra p y  is m o s t su itab le  for p a tien ts  w ith  
p ro b lem s s te m m in g  fro m  d ifficu lties in  in te rp e rso n a l 
re la tio n sh ip s .

T h ere  a re  few  s tu d ie s  o n  th is  fo rm  o f therapy . The 
availab le ev id en ce  o n  d y n am ic /in te rp e rso n a l therapy  
is su p p o rtiv e . C o m p a re d  to  the  con  tro i cond itions, 
d y n a m ic /in te rp e rso n a l p sy c h o th e rap y  led  to greater 
re d u c tio n s  in  bow el sy m p to m s an d  psychological 
sym ptom s. Im p ro v e m e n ts  w ere su s ta in e d  at long-term  
fo llow -up .

As a íìn a l n o te  o n  p sychosocia l in te rv én tio n s , re- 
gard less o f the  a p p ro a c h , a good  w o rk in g  p artn e rsh ip  
betvveen the  p e rso n  w ith  IBS an d  h is o r h e r h ea lth  care



p ro íe ss io n a l is in teg ra l to  success. H ea lth  ca re  proícs- 
sio n a ls  m u st reco g n ize  th a t in d iv id u a ls  w ith  IBS can  
pro v id e  ex p e rtise  011 th e  ía c to rs  th a t ag g rav ate  thcir 
bow el sy m p to m s. M oreover, p a tie n ts  w ith  IBS can  
rig h tlv  ex p e c t h e a lth  care  p ro íe ss io n a ls  to  co llaborate 
w ith  th e m  in  u n d e rs ta n d in g  an d  m a n a g in g  th e ir  condi- 
tion . As w ith  m a n y  o th e r  illnesses, IBS ca n  b e  in íluenced  
by p sy ch o so c ia l fac to rs  in te ra c tin g  w ith  b io lo g ica ỉ pro- 
cesses. E d u ca tin g  h e a lth  care p ro íe ss io n a ls  an d  general 
soc ie ty  a b o u t th e  m u ltid im e n s io n a ỉ n a tu re  o f  IBS can 
h e lp  to w ard  co n c e p tu a liz in g  m u ltip le  tre a tm e n t ap- 
p ro ac h es  an d  d ev e lo p in g  a co llab o ra tiv e  p artn e rsh ip  
b e tw e en  the  p a t ie n t an d  the  h e a lth  ca re  p ro fessional.

FUTURE DIR EC TIO N S

T his a r tic le  h as  revievved ev id en ce  p o in tin g  to  the  im- 
p o r ta n c e  o f  p sycho log ica l an d  soc io lo g ica l íac to rs  in 
IBS; h o w ev er, íụ r th e r  re se a rch  is still r e q u ire d  u sin g  a 
b io p sy ch so c ia l p e rsp ec tiv e . Sorne p o ssib le  av en u es  that 
th is  re se a rc h  m ig h t take are  as follow s: M o re  research  is 
needecl to  fu lìy  underst-and  the  in ílu e n c e  o f  g e n d e r and 
so c io cu ltu ra l ĩa c to rs  an d  the  in ílu e n c e  o f  c iin ic a l se tting  
(e .g ., n o n p a tie n ts , p r ỉm a ry  ca re , G l re íe rra l , p sych iatric  
re íe rra l)  o n  IBS. S tu d ies  th a t w ill s ta n d a rd iz e  cu rren t 
m e asu res  an d  d ev e lo p  new  in s tru m e n ts  fo r íu n c tio n a l 
GI d iso rd e rs  a re  n e e d e d  in  o rd e r  to  e x a m in e  in te rac tio n s  
b e tw e e n  p sy ch o so cia l variab les an d  bow el sym ptom s. 
M oreover, o u tc o m e  m e asu res  th a t fo cu s  o n  clim cally  
m e an in g íu l resp o n ses , su ch  as sa tis ía c tio n  w ith  trcat- 
m e n t, h e a lth -re la te d  q u a lity  o f  liíe, g lo b a l w e ll—being, 
a n d  co p in g  w ith  sy m p to m s, sh o u ld  b e  íu r th e r  reíined  
a n d  in c o rp o ra te d  in to  clin ical tria ls.

M uch  re se a rc h  is still n ee d ed  in  th e  d o m a in  o f treat- 
m e n t fo r IBS. A re c e n t rev iew  o f the  l i te ra tu re  o n  psy- 
ch o so c ia l tre a tm e n t for IBS p o in te d  to  so m e  key  issues 
th a t sh o u ld  b e  ad d re ssed  in  th e  fu tu re . F irs t, m o re  at- 
te n tio n  sh o u ld  be ío cu sed  o n  ih e  d is tre ss  associa tecl w ith  
liv ing  w ith  a c h ro n ic , d eb ilita tin g  illn ess . S ocie ty  has 
c o n tin u e d  to  s tig m atizc  p a tie n ts  w ith  th ese  d iso rd ers , 
tr iv ia liz in g  th e ir  sy m p to m s a n d  tre a tin g  th e m  w ith  a 
la ck  o f  em p ath y . T o  date , little  th e o re tic a l o r  em p irica l 
w o rk  h a s  b e e n  d ire c te d  to w ard  id e n tiíy in g  an d  in teg rat- 
ing  the  c o n c e rn s  o f  IBS p a tie n ts  in to  tre a tm e n t p lans. As 
a re su lt , few  p sy ch o so c ia l a p p ro a c h e s  h av e  b ee n  ta ilo red  
to  th e  sp ec iS c  n ee d s  o f  p eo p le  su ffe rin g  f ro m  IBS. Sec- 
o n d , s tu d ie s  m u s t b e  d es ig n ed  to  o v erc o m ẽ th e  m eth- 
o d o lo g ica l lim ita tio n s  o f  p re v io u s  in v e s tig a tio n s  in  th is 
area. P sychosoc ia l in te rv e n tio n  s tu d ie s  sh o u ld  im prove 
u p o n  p rev io u s  m e th o d o lo g y  by: in c lu đ in g  specific  se- 
le c tio n  c r ite r ia  to r  IBS; s tra tiíy in g  p a tie n ts  bv  sy m ptom

severity ; e n ro llin g  su ffic ien t n u m b e rs  o f fem ale and  
m ale p a tien ts ; in c lu d in g  sufficien t d o cu m e n ta tio n  o f 
trea tm é n l p la n s  to  a llow  s ta n d a rd iz a tio n  an d  rep lica tio n  
o f  tre a tm e n t p ro to co ls ; in c lu d in g  session-by-session  
trea tm e n t m a n u a ls  a n d  m e asu res  o f th e ra p is t ad h e ren ce  
to  trea tm e n t p ro to co ls ; u s in g  ap p ro p ria te  p lacebo  con- 
d itiỏ n s  to  ad d ress  ex p e c tan c y  an d  a tten tio n ; and  m ea- 
su rin g  c red ib ility  to  tre a tm e n t co n d itio n ,

P u rth e r  s tu d ies  a re  req u ired  to  d e te rm in e  the  char- 
ac te ris tic s o f  p a tien ts , w h ich  p red ic t resp o n se  to  speciíìc 
p sychosocia l trea tm e n ts  an d  th e  specific c o m p o n en ts  of 
p sychosocia l trea tm e n í packages (e.g ., re laxa tion  and  
cogn itive re s tru c tu rin g ), w h ich  ac c o u n t for t h d r  effec- 
tiveness. In  a d d itio n , w ell-d esig n ed , ran ả c rn ize d , con- 
tro lled  tr iạ ls  tha t o ffer a m o re  h o lis lic  b i p sychosocia l 
a p p ro a ch  are  n eed ed . In  p a rtic u la r, thc 'v  \s g /ov /ing  
ev idence in  th is  field th a i ce r ta in  c o r *,\ i .  n treat- 
m e n ts  th a t ad d ress  b o th  b io log ical n s .ch o so c ia l 
aspec ts m ay  have sy n erg is tic  effects .cr* i' p iu s an ti- 
d ep ressam  m e d ica tio n ) . T re a tm en t s m d ie j can  h e lp  
c lítiic ians to  u n d e rs ta n d  the  effect o f ph y sic ian  co m m u - 
n ic a tio n  sk ills  on  p a tie n t sa tis ía c tio n  v/ith  care, ad h e r- 
cnce to trea tm e n t, an d  o u tco m e.
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Pylephlebitis
A l l i s o n  L i d d e l l  

P resbyterian  H o ip ita ì p f  D aìlas

pylephlebitis S up p u ra tiv e  e n d o p h leb iú s  of ihc portal ven o u s 
system .

pylethrombosis T h ro m b o sis  ol the po rla l ven o u s sysiem .

A c u te  s u p p u r a t iv e  p y le p h le b it i s  is  s e p l ic  th r o m b o p h le b i-  

t is  o f  th e  p o r ta l v e n o u s  s y s t e m , a rare e n t ity  first d e s c r ib e d  
in  th e  la te  n in e te e n th  c e n tu r y  in  a s s o c ia t io n  w ith  a p p e n -  
d ic i t i s .  W ith  ea r ly  s u r g ic a l  in te r v e n t io n  a n d  a n t ib io t ic s  in  
p a t ie n t s  w it h  a p p e n d ic i t i s ,  th c  o v e r a ll  in c id e n c e  h a s  d e -  
c r e a s e d , a n d  o th e r  p y o g e n ic  p r o c e s s e s  d r a in in g  in to  th e  
p o r ta l c ir c u la t io n  or  a r is in g  in  c lo s e  p r o x im ity  h a v e  b e -  
c o m e  m o r e  p r o m in e n t  a s  p r e d is p o s in g  c o n d it io n s .  O r ig -  
in a l r e p o r ts  n o te d  1 0 0 %  m o r ta lity , w h ic h  h a s  d e c r e a s e d  
w ith m odern  therapy. D espite ihese im provem ents, sup- 
p u r a tiv e  p y le p h le b it i s  r e m a in s  a se r io u s  l i fe - th r e a te n in g  
d c v e lo p m e n i.  M o s l c a s e  s e r ic s  in  th e  lite r a tu r e  are  s m a ll  
su b g r o u p s  o f  la rg er  s e r ie s  o f  e ith e r  p y o g e n ic  liv e r  a b s c e s s  
o r  p y le t h r o m b o s is ,  m a k in g  c o n c lu s io n s  r e g a r d in g  p r o p e r  

ih e r a p y  d iff ic u lt .

ETIOLOGY

M ost cases of py leph leb itis are due 10 a p rim ary  infec- 
tious process in the abdom en  or pelvis. D iverticu litis is 
the m ost com m on cause, accoun ting  for 32% of 19 cases 
in  a recen t review  of the lite ra tu rc  since 1979 by P lera- 
rnons. M alignancy, particu la rlv  ol the biliary tree, has 
accoun ted  for a larger nu m b er o f cases in  m ore recen i 
review s, and  som e researchers suggest ihat m ore aggres- 
sive trea tm en t of advanced  biliarv cancers m ay accoun t 
for the increase. A ppend ic itis still accounts for a signil- 
icant po rtio n  o fp ed ia tr ic  cases,and  inflam m atorv bow el 
discase, pancreatitis , cho langitis, endom etritis, hem or- 
rho idal disease, pep tic  u lcer disease, and  B ehẹe ts 
disease have all been reported  causes. S uppura- 
tive py leph leb itis  m ay also  develop secondarily  as a 
com plication  of bac terem ia \vith coexistent p o rta l 
vein throm bosis.

MICROBIOLOGY

G ut ílora, particu larly  Eschcrichia cơli, P ìvteús 
mirabilis, and  Bactcìvidcs /ragilis, are the p red o m in an t 
pathogens isolatcd from  b lood  culiures and  asp iraúons.

A sign iíìcan t p o rù o n  o f in fcctions are  polym icrobial. 
In P lem m ons’ series, B. fragilis was the single m ost 
co ram on  species iso la ted  from  blood . Less com m on  re- 
p o rted  iso lates in c lu d e  Fus obaitcrium  nucleatum, 
G ardnercỉla , an d  Candida alhicans.

CLINICAL M ANIFESTATIONS

Sym ptom s are  nonspeciíìc , inc lud ing  fever, abdom inal 
pa in , ch ills an d  rigors, jau n d ice , and anorexia. 
Svm ptom s re la tin g  to the prim ary  in íeetious process 
m ay be absent. D iagnosis relies .011 a high index  o f sus- 
p ic ion  given the  p ro te a n  na tu re  o f ihe h isto ry  and  phys- 
ical ex am in a tio n  Hndings. H epatom egaly  may be 
p resen t, and ịaund ice  occurs less o íten  and  la ter than  
in cho lang itis , an d  b ecom es m ore likcly iriiver abscesses 
deveiop. L eukocy tosis is a p ro m in en t, albeit nonspe- 
cific, íea tu re , B lood cu ltu re s  are positive in 88% of 
cases. Radiology is the  m ainsiay of d iagnosis. Plain 
íĩlm s are insensitive  b u l may reveal air in the porta l 
tree. U ltraso u n d  w ith  D o p p ler may ind icate o b stru c tio n  
to p o ria l ven o u s flo\v. C o m p u te r  tom ography  (CT) w ith  
in tra v en o u s  c o n tra s t iĩỹec tion  offers the advantage of 
eva lua ting  the p y lep h leb itis  and d ìagnosing  the p rim ary  
in fec tious focus, as w ell as com plications such  as liver 
abscess. C h a rac teris tic  Endings in c lu d e  lack of the ex- 
pec ted  co n trast-opac ified  porta l veins, in travascu lar air, 
and  clots. C avernous tran s ío rm atio n , well described  in 
subacu te  n o n su p p u ra tiv e  py lc th rom bosis, m ay no t be 
p resen l in acu te  cases. A ngiography has bcen used 
b u t has sign ifican i com plications. M agnetic resonance 
ang iog raphy  m ay in  lim e provide a low -risk  tool.

CO M PLICATIONS

Pvogenic liver abscesses occur in abou t 50% o f cases of 
pv leph leb itis , an d  a b o u l 15% of pyogenic liver abscess 
cases d em o n stra te  pv lephleb itis. Bacterem ia is p resen t 
in  88% of cases, and  sepsis, o ccu rrin g  in 21% of patients, 
rem ains the m ost com m on  and serious threat. M esen- 
tcric ischem ia  is rare b u t ca tasiroph ic . R eported  m or- 
talitv  in  the  olcìer lite ra tu re  in the an tib io tic  era was 50%; 
lor m orẹ m o d ern  cases, 32% m orta liiy  is repo rted  for all



etio log ies, b u t in  o n e  rev iew  it is 80%  for 
nonappencỉiceal cases. Several re se a rc h e rs  have n o te d  
h ig h e r  m o rta lity  for cases a t tr ib u te d  to  d iv e rticu litis .

TREATM ENT

N o c o n tro lle d  s tu d ie s  ex ist, a n d  lim ite d  case se rie s  d iffe r 
w idely  in  tre a tm e n t m o d a litie s  a n d  rec o m m e n d a tio n s . 
All agree th a t the m a in s ta y  o f th e ra p y  is im m ed ia te  an - 
tib io tíc s  vvith ac tiv ity  ag a in s t c o liíb rm s, en te ro co c c i, 
a n d  an aero b es , w h ich  m ay  be m o d iR ed  based  o n  the 
re su lts  o f sea rch  for th e  p r im a ry  in íe c tio u s  so u rce  
a n d  o n  cu ltu re  data. T ypical re c o m m e n d a tio n s  a re  for 
4 —6 w eẹk s o f th e ra p y  a t a m in im u m , w ith  a n  in itia l 
p e rio d  o f  in tra v en o u s  th e ra p y  fo llo w ed  by  a n u m b e r  
o f w eek s  o f o ral th e rap y . F o llo w u p  C T  m ay be h e lp íư l, 
b u t  co m p le te  re so lu tio n  o f C T íin d in g s  w ill lag b e h in d  
m ic ro b io lo g ic  cure. So m e re se a rc h e rs  re c o m m e n d  
íollovvưp im ag ing  to  d o c u m e n t re so lu tio n  o f the  th ro m - 
bus, in a sm u c h  as la te  p re se n ta tio n s  o f  co m p lic a tio n s  
o f p o rta l v e in  th ro m b o s is  ha  ve b ee n  rep o rted .

A n tico ag u la tio n  re m a in s  c o n tro v e rs ia l d u e  to  re- 
p o r ts  o f recan a líza tio n  o f th e  p o r ia l v e in  w ith o u t in te r-  
v en tio n , an d  no  c lear ev id en ce  o f b en e fit. O ne case se ries 
o f 4 4  h e te ro g en e o u s  p a tie n ts  suggestecl im p ro v e d  ou t- 
com es in  the  few p a tien ts  w ith  u n d e r ly in g  hy p erco ag - 
u lab le  s ta tes  w ho rece iv ed  a n tic o a g u la tio n , a n d  no  
adverse  effects seco n d a ry  to  the  an tic o a g u la n t th e rap y . 
H ow ever, in  the absence o f  a d o c u m e n ie d  h y p erc o ag u - 
lab le  S tate , m any re se a rch e rs  d o  n o t  re c o m m e n d  an ti-

c o a g u là tio n . A n im p o rta n t p o in t is the pauc ity  of 
re p o r te d  d e a th s  d u e  to  p ro g ressio n  o f m esen teric  ische- 
m ia  o r  e m b o liz a tio n  o f clo t. M ost d ea th s  o ccu r d u e  to 
in íe c tio n -re la te d  com p lica tio n s. Several re p o rts  ex ist of 
C T -g u id e d  p e rc u ta n e o u s  d ra in ag e  in  se lected  p a tien ts , 
an d  su rg ica l d ra in ag e  m ay be req u ired . T h rom bo ly tic  
th e ra p y  h as  b e e n  consicỉered  co n tra in d ica ted  by  som e 
re se a rc h e rs  d u e  to  the  possib le  n eed  for em erg en t sur- 
gical in te rv e n tio n , b u t a few rep o rts  o f success exist.
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Pyloric Stenosis
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gastric outlet obstruction Near-complete or complete 
blockage of the pyloric channel connecting the stomach 
to the duodenum , maniíesting as early satiety and 
vomiting of undigested foocl in aduits and projectile, 
nonbilious vomiting in chilclren. Serum electrolytes may 
reveal a hypochloremic, hypokalemic alkalosis clue to 
loss of H+ and Cl~ in the vomitus, with compensatory 
renal secretion of K+ in  exchange for H f . In acỉults, 
peptic ulcer disease is the most common eliology; in 
children, pyloric stenosis is raost common, with oiher 
less ừequent causes being pyloric atresia, gastric 
duplication, and ectopic pancreatic tissue. 

gastroesophageal reílux disease Clinical synclrome that 
includes a variety of symptoms and tissue inịury 
associated w ith abnormal esophageal exposure Lo 
regurgitaied gastric contents. Long-ierm complicalions 
of consist of erosion uỉcers, stricture, Barreu’s metapla- 
sia, and esophageal acỉenocarcinoma. In children, 
gastroesophageai reílux disease is a signiíìcant en ti ty in 
the differential diagnosís of pyloric stenosís. 

hyperplasia Growth characterized by an increase in the 
number of cells. 

hypertrophy Growth characterized by an augmentatio.n of 
cell volume.

pyloric stenosis Acquired condition involving the thickening 
of the circumíerential muscle of the pyloric sphincter, 
which results in elongatỉon and obliteration of the 
pyloric channel. The condition is the niost common 
cause of gastric outlet obstruction in children and is one 
of the most ửequent conditions requiring operation in 
the first m onth of life. 

pyloric traum am yoplasty Alternative operadve approach to 
pyloric stenosis involving the use of a Babcock clamp 
to grasp and pinch the hypertrophied pyloric muscle, 
creating two lateral slits on the superior and interíor edges. 
Results w ith this technique have been shown to be similar 
to results with the traditional Ramstedt procedure. 

Ramstedt extramucosal pyloromyotomy Standard operative 
approach to pyloric stenosis; involves grasping the 
pylorus, incising  the serosa longitudinally , and spread ing  
or dividing the thickened pyloric muscle until the mucosa 
is bulging between the separated halves of the pylorus.

Pyloric s tenosis, o r hypertroph ic  pyloric stenosis, is  an 
acqu ired  condition  involving the th icken ing  of the circum - 
íeren tia l m uscle o f the py loric sp h in c te r, vvhich resu lts  
in  elongation  and ob literation  o f the pyloric channel. A

near-com plete gastric  ou tle t obstru c tio n  is  p roduced  w ith  
secondary  d ila tion , hypertrophy , and h y p erp e ris ta ls is  
o f the stom ach . T he observed th icken ing  o f the sm ooth  
m uscle is a resu lt o f  hypertrophy , no t hyperp lasia . Pyloric 
sten o sis  is the m o st com m on cause o f gastric o u tle t ob- 
s tm c tio n  in  ch ild ren  and is  one o f the m ost íreq u en t 
co n d itio n s req u irin g  opera tion  in the new born.

IN T R O D U C T IO N

S abric iu s H ild a n u s  íìrst d escrib ed  p y lo ric  s te n o s is  in  
1627. S u b seq u en tly , Blair d esc rib ed  an  in ía n t w ith  c lin - 
ical as w ell as p o s tm o rte m  H ndings co n s is te n t w ith  hy- 
p e r tro p h ic  p y lo ric  stenosis. A lth o u g h  sp o rad ic  re p o rts  
o f c h ild re n  w ith  g as tric  o u tle t o b s tru c tio n  in  E u ro p e  a n d  
th e  U n ite d  S tates fo llow ed the in itia l d esc r ip tio n , the 
d isease w as n o t accep ted  as a tru ẹ  en iiiy  u n til th e  de- 
sc r ip tio n  in  1888  o f tw o cases by  H irsch sp ru n g , w h o  
d esc rib ed  it as a co n g en ita l d isease  rep re se n iin g  the 
ĩa ilu re  o f  th e  in v o lu tio n  o f th e  íe ta l p y lo ru s  a n d  
n araed  it  angeborener pvlorusstenose  (congenitcứ  p y lo ric  
s ten o sis). At th is  tim e, the p re íe rre d  tre a tm e n t w as m ed- 
ical, u s in g  a co m b in a tio n  o f gastric  lavage, an tisp as- 
m od ic  d ru g s , d ie ta ry  m o d iíica tio n s , an d  the local 
a p p lica tio n  o f h e a t, seco n d a ry  to  ạ 100%  su rg ica l m o r- 
ta lity  ra te . L o bker p e rĩo rm e d  the first su c ce ss íu l su rg ica l 
p ro c e d u re  to  trea t an  in ía n t w ith  p y lo ric  s ten o sis , u s in g  
a g as tro je ju n o s to m y  to bypass th e  o b s tru c te d  py lo ru s. 
ư n fo r tu n a te ly , th e  overall m o rta lity  fo r th is  p ro c e d u re  
a t th a t tim e rem a in ed  h igh , ap p ro x im a te ly  5 0 —60% . 
N ico ll a n d  F re d e t, in  1906 an d  1907 , each  in d e p en - 
d en tly  d esc r ib e d  a te ch n iq u e  o f lo n g itu d in a l su b m u - 
scosal d iv is io n  o f the th ic k en e d  p y lo ric  m uscle  w ith  
tran sv e rse  s u tu r in g  o f the d e íec t (p y lo ro p lasty ). T h is 
type o f ex tra m u co sa l p y lo ro p la sty  w as u n sa tis ĩa c to ry , 
d u e  to  excessive  h em o rrh ag e , w h ic h  o c c u rre d  w hen  
s u tu re s  to re  th ro u g h  the ed e m a to u s  m u sc le  th a t h ad  
been  c losed . ỉn  1912, R am sted t s im p liíìed  the F red e t 
p ro c e d u re  by o m ittin g  the tran sv e rse  su tu rin g , w h ich  
leaves th e  m u c o sa  exposed  in the lo n g itu d in a l se ro m u s- 
cu la r  d e íec t. N o t on ly  was the p ró c e d u re  successfu l, b u t 
its e ssen tia l e lem en ts  have rem a in ed  generally  un - 
m odĩ& ed ancl re m ai n the su rg ica l S ta n d a rd .



P ylo ric  s tenosis is th e  m ost c o m m o n  cause o f gas- 
tric  o u d e t  o b s tru c tio n  in  ch ild ren . T h e  p rev a len ce  of 
py lo ric  s ten o sis  ran g es from  1.5 to  4 in  1000 
live b ir th s  am ong  C aucasians b u t is less p rev a len t 
in  A sians, H ispan ics (1 .8  p e r 1000 live  b ir th s ) , and  
A frican -A m ericans (0 .7  p e r 1000 lìve b ir th s ) . M ultip ỉe  
re p o rts  have su g g ested  th a t the  in c id e n c e  m ay be 
in c reasin g . F o r in s tan c e , a U n ite d  K ingdom  p o p u la - 
tio n -b a sed  s tu d y  has d o c u m e n te d  a rise in  in c id en ce  
from  0 .1 —0.2%  u p  to  0 .3 —0.8%  d u r in g  the  pas t sev- 
era l d ecades. A dd itiona lly , a t th e  M ayo C lin ic , a large 
p o p u la tio n -b a se d  s tu d y  has đ o cu rr ien ted  an  overall 
in c id en c e  o f 0.26%  in  O lm sted  C o u n ty , M inneso ta , 
from  1950 to  1984, b u t sh o w ed  th a t  the ra te  ap- 
proachecỉ 0 .5%  by  the end  o f the  s tu d y  p eriod . It is 
w ell k n o w n  th a t p y lo ric  s te n o sis  is  m o re  co m m o n  
in  m ales  th an  íem ales, w ith  a ra tio  o f 2 :1  to 5 : 1 ,  
a l th o u g h  the  lo n g -h e ld  b e lie í th a t it p r im a rily  affects 
íirs t-b o rn  m ales h as  n o t b een  co n tìrm ed .

T h e  d ev e lo p m e n t o f  p y lo ric  s te n o sis  has b een  asso- 
c ia te d  w ith  several variab les, in c lu d in g  b o th  en v iro n - 
m e n ta l an d  íam ilial íac to rs. A g en e tic  c o n tr ib u tio n  is 
s u p p o r le d  by  the  fact th a t 19%  of b o y s and  7% of 
g irls  w hose  m o th e rs  h ad  p y lo r ic  s te n o s is  also have 
ihe  clisease. P y loric  s ten o sis  o ccu rs  in  on ly  5% of 
b oỵs an d  2.5%  of g irls  w hose ía th e rs  have the  d isease , 
su g g e stin g  so m e type o f  variab le  m a te rn a l tran sm issio n . 
A d d itio n a lly , th e  risk  o f  p y lo ric  s te n o s is  is low er w ith  
o ld e r  m a te rn a l age, h ig h e r  m a te rn a l e d u c a tio n , and  low  
b in h  w eight.

G en e ra lly , a m a jo rity  o f  p a tie n ts  w ith  p y lo ric  steno - 
s is a re  felt to  have an  ac q u ired  đ e íec t, w ith  o r w ith o u t 
a p ree x is tin g  gene tic  p red isp o s itio n . O n e  su p p o rtiv e  
s tu d y  ex a m in e d  a se ries o f 1000  m a les  w ith  b a riu m  
sw allow  im m ed ia te ly  a íte r  b ir th , fin d in g  n o  ab n o rm a l- 
ities o f th e  py lo ru s. S u b seq u en tly , 5 o f  those  in fan ts 
w cn t o n  to  develop  p y lo ric  sten o sis . In  a seco n d  
s tu d y , 1400 ra n d o m ly  se lec ted  n e w b o rn  in ía n ts  u n d e r-  
w e n t u ltra so n o g ra p h ic  m e asu rem en ts  o f  the  p y lo ru s , 
rev ea lin g  n o rm al p y ỉo ric  d im e n s io n s ; 9 in fan ts 
(0 .65% ) la te r  d ev e lo p ed  p y lo ric  stcn o sis . O n  the o th e r  
h a n d , as m an y  as 7% of in ía n ts  w ith  p y lo ric  s tenosis 
h av e  assoc ia ted  m a lío rm a tio n s , in c lu d in g  in te stin a l 
m a lro ta tio n , o b s tru c tiv e  u ro p a th y , a n d  esophageal 
a tresia . O th e r  an o m alies  a sso c ia ted  w ith  py lo ric  s tenosis  
in c lu d e  h ia ta l h e rn ia  an d  a d e iìc ien cy  in  h ep a tic  g lucu- 
ro n y l tran s íe rase  ac ti vi ty.

ETIOLOGY/PATHOPHYSIOLOGY

T he cause  o f  p y lo ric  s ten o sis  rem a in s  p o o rly  uncler- 
s to o d , b u t several h y p o th e ses  h av e  em erged . F am ilv  
h is to ry , sex , an d  m a te rn a l íeed in g  p a tte rn s , am ong

o th e rs , have all b een  d eem ed  po ten tia l risk  íactors. In 
ad d itio n  to  the variab ility  am o n g  races an d  the clcar 
m ale p re d o m in an ce , th e re  ap p ears  to be an  inc reased  
risk  w ith  a positive  fam ily  h is to ry  a n d  ce rta in  ABO b lood  
types. E n v iro n m en ta l íac to rs  assoc ia ted  w ith  py lo ric  
sten o sis  in c lu d e  the  feed ing  m e th o d  (b reast vs. fo rm ula  
feed ing), seasonal variab ility , an d  tran sp y lo ric  íeed ing  
in  p re m a tu re  in ían ts . A n a sso c ia tio n  b e tw e en  system ic 
e ry th ro m y c in  in  in fan ts  an d  su b se q u e n t p y lo ric  s ten o sis  
has also  b ee n  investiga ted . A lth o u g h  n u m e ro u s  th eo ries  
have been  p ro p o se d , n o n e  has received  genera lized  
accep tance .

Som e in v estig a to rs  have suggested  th a t m ilk  cu rd s  in 
th e  s to m ac h  co u ld  o b s tru c t the p y lo ric  ch a n n e l o r  p ro - 
du ce  ed em a o f th e  p y lo ric  m u c o sa  an d  su b m u co sa , ob- 
s tru c tin g  the  p y lo ric  ch a n n e l, le ad in g  to co m p en sa to ry  
h y p e r tro p h y  o f th e  p y lo ric  m usclc . O th e rs  have íocusecl 
o n  py lo ric  m usc le  in n e rv a tio n  and  re lax a tio n . D iííe ren t 
inv estig a to rs  hav e  fo u n d  th a t th e  n u m b e rs  o í gang lion  
cells in  th e  p y lo ru s  ancl/or th e ir  m a tu r ity  h a  ve been  
ab n o rm a l, a lth o u g h  ihese  re su lts  have n o l con sis ten tly  
b ee n  re p ro d u ce d . SpeciEcally , a m a rk e d ly  decreased  
n u m b e r o f g lia l-d eriv ed  g row th  fac to r-positive  nerve 
íìbers has b een  ío u n d  in  p a tien ts  w ith  py lo ric  s tenosis , 
as w ell as a re d u c ed  p ro d u c tio n  o f n eu ro tro p in s . Con- 
focal m ic ro sco p y  s tu d ie s  have sh o w n  the  p resence  of 
ab n o rm a lly  th ic k  c o n to rte d  n erve  b u n d le s  in  the  py loric  
m uscle o f in ía n ts  w ith  py lo ric  s tenosis. O th ers  have 
investiga ted  a lack  o f n itr ic  ox ide sy n th ase  in  py lo ric  
tissue as b e in g  a p o te n tia l c o n tr ib u to r  to py lo rospasm , 
possib ly  lead in g  to  p y lo ric  s ten o sis , becau se  n i tri c ox ide 
is a k n o w n  m u sc le  re laxan t.

F u rth e r  h y p o th e ses  invo lve levels o f g as lro in tes tin a l 
en d o c rin e  o r  p a ra c rin e  ỉacto rs. V arious investiga to rs 
have sh o w n  th a t g as trin  is e leva ted  in  p a tien ts  w ith  py- 
lo ric  s ten o sis  a n d  m ay  b e  a s tim u lu s  tow ard  m uscle 
hy p ertro p h y . O n  the  o th e r  h an d , h y p erg astrin em ia  
an d  h ỵ p e ra c id ity  are  k n o w n  to o cc u r seco n d a ry  to gas- 
tric  o u tỉe t o b s tru c tio n  from  any  cause. P u rth e rm o re , 
these p a tien ts  h av e  b ee n  sh o w n  to have e leva ted  p ros- 
tag lan d in s  as w ell. In fan ts  receiv ing  in íu s io n s  o f ce rta in  
p ro s tag lan d in s  h av e  b een  sh o w n  to deve lop  gastric  ou t- 
le t o b s tru c tio n , b u t  have n o t gone on  to  deve lop  py lo ric  
stenosis. S ubstance  p has b ee n  sh o w n  to  p ro d u ce  
ch ro n ic  p y lo ro sp asm , le ad in g  to m usc le  h y p ertro p h y , 
and  has also b ee n  fo u n d  in  h ig h e r c o n c en tra tio n s  in  the 
py lo ric  m u sc le  o f p a tie n ts  w ith  py lo ric  stenosis. O th er 
pep tides , su ch  as se c re tin , en te ro g lu cag o n , n eu ro te n s in , 
an d  vasoac tive in te s tin a l p ep tid e  (V IP), have also been  
linked  lo p y lo ric  s te n o sis , a lth o u g h  th e ir  ex ac t ro les 
have yet to be e lu c id a ted . F u rth e rm o re , e leva ted  levels 
an d  ex p re ss io n  o f tra n s ío rm in g  g ro w th  fac to r-a  (TG F-
oO and ep id e rm a l g ro w th  íac to r (EG F) m R N A  have been



fo im d in  in ían ts  w ith  py lo ric  stenosis, a lth o u g h  the 
signiB cance is u n c lea r. C u rren tly , the cause  o f py loric  
stenosis has no t been  defin itively  e lu c id a ted  and  ap- 
pears to be m u ltifac to ria l, a lth o u g h  co n sid erab le  basic 
Science  in v estig a tio n s are ongoing.

CLINICAL PRESENTATION

Typically , an  in fa n t w ith  py lo ric  sten o sis  p re se n ts  w ith  
a n o rm al íeed ing  h is to ry  an d  new  o n se t o f n o n b ilio u s, 
em esis at 2 to 8 w eek s o f age, w ith  a peak  inc idence  
of 3 to 5 w eeks. ln itia lly  the em esis m ay n o t be íreq u e n t 
o r forceful, b u t b eco m es p rogressively  w orse over days 
u n til nearly  every íe ed in g  is ío rce ỉu lly  v o m ited  in  a 
“p rọ jec tile” fash ion . Less íreq u en tly , the em esis m ay 
be b lo o d  tinged  o r have a co ffee-g round  ap p earan ce  
due to gastritis  o r esophag itis . G enera lly , in ían ts  ap p ear 
h u n g ry  im m ed ia te ly  afte r vom iting  an d  do n o t ap p ear 
ilì early  in  the d isease  course . Typically , s to o l íreq u en cy  
is co n co m itan tly  d im in ỉsh e d . If th e re  is a sign ifìcan t 
cielay in  d iagnosis, severe d e h y d ra tio n  a n d  le thargy  
can  occur. Som e c h ild ren  have d ia rrh ea , co m p lica tin g  
the d iagnosis. O th ers  ( 2 —5%) m ay have ja u n d ic e  sec- 
ondary  to g lu c u ro n y l tran síerase  deíìciency . In p rem a- 
tu re  in ĩan ts , the p re se n ta tio n  is co m m o n ly  clelayed and  
occu rs  abou t 2 w eeks la te r com pared  to fu ll-term  in - 
fanls; o ften  there  is a slow er p ro g ressio n  o f em esis.

T he d iííe ren tia l d iagnosis  for py lo ric  sten o sis  
in c lu d es  g as troesophageal re ílux  and  ío rm u la  in to ler-  
ance, a lth o u g h  these u sua lly  p rese n t w ith  a m ore grad- 
ual on se t of em esis. Hovvever, a m ore  íre q u e n t cause of 
n o n b ilio u s  v o m itin g  in  the first several w eeks o f life 
is e ith e r  o v erzea lo u s v o lu m e o r íreq u en cy  o f íeed ings 
(especially  ío rm u la ) offered  to the in fan t. O th e r  causes 
o f n o n b ìlio u s  v o m itin g  in c lu d e  m ed ica l d iso rd crs  such  
as sepsis, h y d ro ce p h a lu s , a n d  m etabo lic  d iseases, as w ell 
as en titie s  o ften  re q u ir in g  su rg ica l in te rv en tio n , such  as 
an tra l w ebs, py lo ric  atresia , gastric  d u p lic a tio n , m icro - 
gastria , and  ec lo p ic  p an c rea tic  tissue.

DIA G N O SIS

The Cardinal íe a tu re s  o f py lo ric  stenosis in c lu d e  
n o n b ilio u s  p ro jec tile  vom iting , v isib le p eris ta ltic  
w aves in  the left u p p e r  ab d o m en , a p a lpab le  “olive” o r 
en larged  py lo rus, an d  an associa ted  h y p o ch lo re m ic  o r 
hy p okalem ic  m etab o lic  alkalosis. T hese íea tu res  are 
m ore p ro m in e n t w h en  th e  d iagnosis is cìelayecl, and  
m ore su b tle  ea rlie r in the course . G eneral ly, a deíìn itive  
d iagnosis can  be m ade  on the basis  of clin ical p resen - 
ta tio n  and  ca re íu l ph y sica l ex am in a tio n  in  as m any  
as 80%  of p a lien ts , a ìth o u g h  an  in c reasin g  re lian ce  on  
im ag ing  m o d a lities  has been seen  in th e  c u rre n t era

o f m a n ag e d  care. A re c e n t s tu d y  h as sh o w n  th a t the 
n u m b e r  o f p a tie n ts  cliagnosed so le ly  by clin ical exam - 
in a tio n  h as b e e n  d ec reas in g  (fro m  74% , d ec reas in g  to 
28% ), a n d  th a t th e  use o f  d ia g n o stic  tests has in c re ase d  
(u ltra so n o g ra p h y  in c re as in g  fro m  16 to 65% an d  u p p e r  
g a s tro in te s tin a l im ag ing  in c re as in g  from  12 to 28% ). 
Several m a n e u v e rs  can in c re ase  th e  sensitiv ity  o f phys- 
ical e x a m in a tio n  in  p y lo ric  s ten o sis . T he  in ía n t m u s t be 
ca lm  a n d  co o p e ra tiv e  a n d  use  o f a paciíier an d  w arm  
b la n k e t m ay b e  h e lp íu l. A d d itio n a lly , d eco m p ress io n  o f 
the s to m a c h  w ith  a n aso g astric  tu b e  m ay aid in  ih e  pal- 
p a tio n  o f th e  “o live .” T h e  e x a m in e r  s ta n d in g  o n  the 
in fa n t’s left s id e  sh o u ld  ílex th e  b a b y s  h ip s  w ith  the 
left h a n d  a n d  p a lp a te  th e  liver edge from  above w ith  
the r ig h t h a n d . G en tlc  p re ssu re  is ap p lied  deep  to  the 
liver, a n d  ev e n tu a lìy  th e  p a lp a tin g  fingers are m oved  
d is ta lly  to  And a p a lp ab le  p y lo ru s  th a t can be ro lled  
u n d e r  th e  S n g e rtip s , m a k in g  th e  d iagnosis. E x am in a tio n  
by  a su rg e o n  b e ío re  im ag in g  s tu d ie s  can be cost effective, 
w ith  a sp e c iíìc ily  o f  90% , b u t a sensitiv ity  o f on ly  50%.

In  th e  ab sen c e  ,of a p a lp ạ b le  m ass, an u p p e r  gas iro - 
in ie s tin a l c o n tra s t s tu d y  o r u ltra so u n d  can  u sua lly  
conR rm  o r d isp u te  the d iag n o sis . In  m ost p ed ia tr ic  
ce n te rs , a b d o m in a l u ltra so u n d  is th e  s tudy  o f cho ice . 
T h is  te c h n iq u e  h a s  a sen sitiv ity  o f 97% , a speciíìc ity  of 
100% , a n d  a p o sitiv e  a n d  negative  p red ic tive  value  of 
100 and  98% , resp ec tiv e ly , and  has b een  s tu d ied  ex ten - 
sively  by  n u m e ro u s  g ro u p s . Its  m ain  lim ita tio n s  are 
o p e ra to r  d e p e n d e n c e  a n d  the inab ility  to d iagnose 
o th e r  ca u se s  o f n o n b ilio u s  vom iting . M easu rem en ts  
fo u n d  to  have  g rea te r th a n  90%  positive p red ic tiv e  
v a lu e  in c lu d e  a m u sc le  d ia m e te r  o f 17 m m  o r  m o re , a 
m u sc u la r  w all th ic k n ess  o f 4  m m  o r  g rea ter, a n d  a ch an - 
n e l le n g th  o f 17 m m  or g rea ter. O n e  g roup  co n c lu d e d  
th a t a m u sc le  th ic k n ess  o f  3 m m  sh o u ld  be co n s id e red  a 
p o sitiv e  f in d in g  for p y lo ric  s te n o s is  in  chilclren less than  
30 d ay s  o í age. Last, w h e n  m e asu rem en ts  are equ ivocal, 
c a lc u la tio n  o í  th e  pv lo ric  v o lu m e has been rep o rte d  to 
be m o re  a c cu ra te .

In  th c  p as t, an  u p p e r  g as tro in te s tln a l trac t se ries w as 
th e  g o ld  S ta n d a rd  d iag n o stic  s tu d y  fo r py lo ric  s tenosis. 
T he te s t is  se n sitiv e  a n d  is also  h e lp ĩu l in  in d ic a tin g  
o th e r  caư ses o f n o n b ilio u s  em esis, su c h  as gas tro eso p h - 
ageal re ílu x  d isease , g as tric  a to n y , an d  delayed  gastric  
em p ty in g . It w ill also cliagnose th e  d read ed  m a lro ta tio n . 
T he c lassic  ra d io g rap h ic  c o n tra s t ĩind ings are the “strin g  
sig n ,” p ro d u c e d  b y  c o n tra s t m e d iu m  o u tlin in g  th e  nar- 
row ed  p y lo ric  c h a n n e l, a n d  the “sh o u ld e r  sign ,” caused  
by th e  h y p e r tro p h ie d  m u sc le  p ro tru d in g  in to  th e  gastric  
lum en . T he  p y lo ric  c h a n n e l m ay also ap p ear as tw o 
para lle l th re a d s  rese m b lin g  ra ilro a d  tracks. A p o ten tia l 
d isad v an tag e  is th a i th e  s tu d v  ex p o ses the p a tie n t to 
io n iz in g  ra d ia tio n  and  invo lves íilling  the o b s tru c ted



stom ach  with barium beíore in d u ction  o f  general anes- 
ihesia, increasing the risk o f vom itin g  and aspiration. 
Thereíore, it is recom m ended that as m uch o f the con- 
trast agent as possib le be rem oved prior to in d u ction  of 
anesthesia.

O ne suggested m eans to se lect the op úm al im aging  
test for pyloric sten osis is to m easure the vo lu m e o f the 
gastric aspirate obtained by a nasogastric tube. If less  
than lO m l i-s obtained, an upper gastroin testinal tract 
series m.ay be warranted, because 8 6 % o f such  in ĩants  
have been  show n to have gastroesophageal reílux  
disease (GERD). If m ore than 10 ml is su ction ed , an 
ultrasound exam ination  o f the p yloru s sh ou ld  be ob- 
tained, because 92% o f such in ían ts w iil have pyloric  
sten osis.

PREOPERATIVE M A N A G EM EN T

O nce the d iagnosis has been  m ade, preoperative  
preparation is essential, because pyloric sten osis  is 
not a surgical em ergency. The ch ild  w ith  an early pre- 
sentation  vvithoul cỉehydration, w ith  norm al serum  
electrolyte and g ỉu cose con cen iration s, and norm al 
urine output may be operated on at the earỉiest con ve-  
nience. Infanls w ho presen i w ith  c lin ica l dehydration , 
in clu d ing  dry m ucous m em branes, depressed  íontanels, 
increased skin  tenting, and varying d egrees o í m al- 
n utrition , require m ore extensive resuscitation. They  
characteristically have a h ypoch lorem ic, h ypok alem ic  
m etabolic alkalosis w ith  som e d egree o f hyponatrem ia  
and hypoglycem ia. One group has defined  three levels of 
severity based prim arily on the carbon d iox id e content 
(slight, < 2 5  mEq/liter; m oderate, 2 6 —35 m Eq/liter; and  
severe, >  35 m Eq/liter). M ost in ĩan ts require resuscita- 
tion for less than 2 4 —4 8  hours prior to operation . Initial 
resuscitation oíten begins w ith  norm al sa line or lactated  
Ringer’s solution  in boluses o f 1 0 —20 m l/kg. A contin-  
uous in íusion  o f 5 or 10% dextrose in 0.45%  saline is 
then started at 1.5 tim es m aintenance. Potassium  is  
added after urine output is  estab lished . O nce the cor- 
rection  o f dehydration and restoration  o f  near-norm al 
serum  potassium  and ch loride levels are ach ieved , as 
w ell as correction o f the a lkalosis to a serum  bicarbonate  
level o f b elow  30 m Eq/liter, the operation  can be saíely  
con d ucted . Failưre to correct the a lk alosis adequately  
preoperatively can result in p ostan esth etic  apnea and  
respiratorv arrest.

M ost infants w ith pvloric sten osis do not have a 
com p lete gastric outlet obstruction  and can handle  
theỉr gastric secretions. Oral íeed in gs are d iscon tin u ed , 
but a nasogastric tube is n ot rou lin ely  p laced  other than  
tem porarily for diagnostic p urposes, because it rem oves

ad d itio n a l flu id  and  ac id  from  the sto m ach , exacerba t- 
ing  the m etab o lic  alkalosis.

OPERATIVE M ANAG EM ENT

The Ramstedt extram ucosal pylorom yotom y has long  
been the classic surgical approach to pyloric stenosis. 
The Standard  a p p ro a ch  is a righ t u p p e r  q u a d ra n t trans- 
verse in cision  o f 2 .5 —3 cm  over the right rectus m uscle  
at or above the liver edge. The rectus m uscle is either 
divided or split longitudinally , and the peritoneal cavity  
is entered through the posterior rectus sheath. The pyl- 
orus m ay be identified  by bringing the greater curvature 
of the stom ach through the incision  ancỉ using it to 
externalize the pylorus. The serosa on the anterior 
wall o f the pylorus is incised from ju sl proxim al to 
the pyloric vein to the antrum just proxim al to the 
area o f hypertrophied m uscle. The duodenal end is usu- 
ally identified by the color change from the pale pylorus 
to the pink duodenal w all, as w ell as by the prom inent 
pyloric vein. The m yoiom y is períbrm ed using the back  
of a scalpel handle 10 sp lit the hypertrophied m uscle 
bluntly dow n to the subm ucosa, or by using a spreading  
clam p, sucb as that described by Benson. O nce the sub- 
m ucosa is exposed , the overlying m uscle íibers should  
be spread m ore w idely, allow ing ihe subm ucosa to 
herniate or bulge out. W hen the two halves of the py- 
lorus can be m oved independently back and Íorth in 
opposite d irections by a rocking m otion , the extern  
of the pylorom yotom y is com plete (Fig. 1). V enous  
congestioti caused by delivering the pylorus through  
a relatively sm all in cision  can result in b leeding írom  
the m uscle and subm ucosa, but generally resolves w hen  
the pylorus is returned to the abdom inal cavity. Inspec- 
tion to assure hem ostasis should  occur beíore closing  
the incision.

If the subm ucosa or m ucosa is violated, m anagem ent 
is individualized by one o f two fundam ental techniques. 
ir perforation occurs earìy in the m yotom y, the m ucosa  
is often cỉosed  w ith  fme absorbable sutures and the 
m uscle is closed. A second  m yotom y can then be per- 
form ed by rotating the pylorus 180°. If the injury occurs 
w hen the m yotom y is Snished , the períoration can be 
closed and the injury site covered w ith  om entum . Post- 
operatively, som e surgeons decom press the stom ach  
with a nasogastric tube whereas others w ithhold  feed- 
ings for a few days. At the end o f an uncom plicated  
pylorom yotom y, som e surgeons opt to check for 
leaks by íìlling the stom ach w ith 6 0 —100 cm 3 o f air.

Som e surgeons preíer a sưpraum bilical, curvilinear 
incision, due to its superior cosm etic results, although  
there have been reports o f a higher incidence o f w ound



F IG Ư R E  1 T he R am stedt extram ucosal p y lorom yotom y, the  
Standard operative tech n iqu e. (A) C ross-section  o f the pylorus, 
w ith  in set shovving the ìn c isio n  o f  the serosa on the anterior w aỉl 
from  just p roxim al to the py loric  ve in  to the antrum , ju stp r o x im a l  
to the area o f  hypertrophied  m uscle. (B) The m yotom y is  per- 
íorm ed  u sin g  the back o f  a sca lpe l han d le to sp lit the hypertro- 
ph ied  m u sc le  b luntly  d ow n  to the subm ucosa. (C ) A íter exposure  
o f  the su b m u cosa , the overl.yi.ng m uscle  íìbers are spread rclatively  
w id ely , allovving ihe su b m u cosa  to herniate or bulge out. Repro- 
d u ced  w ith  perm ission  o f the p ub lisher from Ziegler, M. M. et al. 
“Operative Pediatric Surgery,” Ch. 52. M cGraw-Hill.

com plications. A dditionally , this incision  is contraindi- 
cated in the presenee o f  an um bilical rem nant, a “w et” 
u m b ilicu s: or perium bilical ervthema. Laparoscopic 
pylorom yotom y has been  gaining popularity since its 
íìrst description by A lain and colleagues in  1991. This 
technique may have the advantage o f im proved appear- 
ance, but it has the disadvam age o f longer operative 
tim es and a variable learning curve. N o signiíìcant 
diííerence betw een the time the iníant can resum e

full íeed ings or the length o f hospital stay has b een  
show n. A recent retrospective study found that o u t-  
com es b etw een  the op en  and laparoscopic techniqiues 
w ere sim ilar, but the laparoscopic approach incurred a 
greater exp en se and decreased general sụrgery resid-ent 
operative experience. Last, an additional techn ique, 
pyloric traum am yoplasty (either open  or laparoscopdc), 
has b een  introduced by various groups; this involves the 
used o f  a Babcock clam p to grasp and pinch the hyper- 
trophied m uscle, creating tw o lateral slits on  the su pe- 
rior and iníerior edges. Results with this techn ique  
ha ve been  sh ow n  to be sim ilar to results w ith  the tra- 
ditional Ramstedt procedure, but experience to date has 
been lim ited.

N onoperative m anagem ent has not gained general 
acceptance in N orth  America but has been practiced  in 
som e European countries. ln íants can be managed v̂ .'ith 
frequent sm all ĩeed ings or even tem porary total paren- 
teral nutrition, but this requires a prolonged  hospital 
stay. Successíu l en d oscop ic balloon  dilatation for 
pyloric sten osis has been reported in Japan, being  
used se lectively  in  patients w ho have undergone pre- 
vious extensive abdom inal operative procedures. 
B otulinum  toxin  A has been attem pted w ithout success, 
w hereas others have su ccessíu lly  used intravenous 
and oral atropine sulíate.

POSTOPERATIVE M ANAG EM ENT

M ost in íants can be fed w ith in  6  hours postoperatively. 
M any íeed ing regim ens have been used, but m ost 
generally start w ith  a sm all volum e o f sugar water, 
advancing vo lu m e and osm olarity every 2 —3 hours 
until the ch ild  is taking form ula or m ilk  w ithout sign ií- 
icant vom iting. Data have sh ow n  that either a standard- 
ized feeding regim en or a m ore rapid, ad lib itum  
feeding schedule w ill lead to earlier discharge, and 
the am ount o f  vom iting vvith either technique is sim ilar.

O U TC O M ES A N D  CO M PLICATIO NS

M ortality after pylorom yotom y has been  extrem ely ìow , 
w ith  reported rates of less than 0.5%. W ith appropriate 
m anagem ent o f  Auids and electrolytes preoperatively  
and intraoperative m anagem ent by a pediatric surgeon, 
m ost in íants can be discharged from the hospital w ithin
1 — 2 days. Simiỉarly, m orbidity is low; the major com - 
plications include w oun d  in íection  or dehiscence, m u- 
cosal períoration, and inadequate pylorom yotom y. The 
in cid en ce o f  vvound in íection s has been variably re- 
ported from 1 to 5%. The reported rates o f duodenal 
perĩoration range from 1 to 30% but generaỉly rem ain in 
the 1—3% range in pediatric surgery centers. A lthough



m any (3 0 —90%) in íants w ill have som e degree of post- 
operative em esis, this usually resolves spontaneously  
w ithin  the first w eek. If prolonged em esis occurs, the 
possib ilities of an unrecognized  períoration, gastro- 
esophageal reílux, or an in com plete m yotom y should  
be considered. Contrast stud ies are o f little value other 
than to diagnose a leak, because the radiologic and ul- 
trasonographic appearances o f the hypertrophied pylo- 
rus before and after pylorom yotom y are sim ilar, and 
such an appearance m ay persist for m any w eeks to 
m onths. Thereíore, the d ecision  to reoperate for pre- 
sum ed incom plete m yotom v is typically delayed for at 
least 2 —3 w eeks postoperatively.

Inỉrequent long-term  effects o f pylorom yotom y  
have been reported. One group evaluated the presence  
of gastrointestinal sym ptom s, gastric em ptying, and py- 
loric m easurem ents in  adults after and w ithout 
pylorom yotom y and íou nd  no differences. A second  
group íound higher pyloric tone and force o f gastric 
contraction, but no d ifference in clin ically  relevant 
gastric em ptying in the sam e two treatm ent groups.

SUMMARY

Pyloric stenosis is the m ost frequent cause o f gastric 
outlei obsiruetion  in children. Currently, the cause 
has not been d eíìn itively  elucidated and appears to be 
m u lti ía c tơ r ia l , a l lh o u g h  c o n s id e ra b le  basic S cience  in - 
vestigations are ongoing. The Cardinal [eatures o f pylo- 
ric stenosis include n on b iliou s prọịectile vom iting, 
visible peristaltic w aves in the left upper abdom en, a 
palpable o live (enlarged pylorus), and an associated  
hypochlorem ic, h ypok alem ic m etabolic alkalosis. Diag- 
nosis is m ade by h istory and physical exam ination  alone 
or in com bination w ith  ultrasonography or gastrointes- 
tinal contrast studies. The Ramstedt extram ucosal 
pylorom yotom y has lon g  beeti the classic surgical 
approach to pyloric sten osis, although laparoscopic  
pylorom votom y and traum am yoplasty arc new  addi- 
tions to the operative arm am entarium . M ortality and

m orbidity after pylorom yotom y have been  extrem ely  
low  and long-term  sequelae o f  the procedure have 
not been  reported.
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p y lo r o p ĩa s ty  S u rgical p r o c e d u r e  tha i in c ise s  and  d iv id e s  the  
n orm al p v lo r ic  m u sc le , d e str o v in g  il as a sp h in c ter , and  
ih e n  reco n str u c ts  the p y lo r ic  ch a n n e l to  ĩac ilita le  gastric  
em p ty in g .

vagotomy Surgical p r o c e d u r e  in  w h ic h  ih e  vagu s n erv es are 
cu t, 10 red u ce  in n e r v a tio n  o f  th e  s io m a ch .

P y lo ro p ìa sty  is  ty p ic a lly  p e r ío r m ed  in c o n ịu n c tio n  w ith  a 
truncal or se le c t iv e  v a g o to m y . V agal d en erv a tio n  o f  the  
s to m a c h  is  u se d  to  d e c re a se  g a str ic  ac id  p ro d u ctio n  in  
v a r io u s a c id -p ep tic  d iso r d e r s , bu t a lso  r e su lts  in  ĩa ilu re  
o f  th e  a n tra l—p y lo r ic  p u m p  m ech a n ism  and  m arked ly  
d e la y s  g a str ic  e m p ty in g . O rig in a lly  d escr ib ed  in  th e  iate  
n in e te en th  cen tu ry  for u s e  in  th e  trea tm en t o f  g a str ic  
o u tle t  o b s tru c tio n , pyỉoropL asty  d id  not b eco m e  a co m -  
m o n  p ro ced u re  u n til v a g o to m y  b ecam c the m ain  treat- 
m ent o f  peptic  ulcer d isease in th e  194ƠS.

PHYSIOLOGY

T h e  p h y s io lo g ic  r o le  o f  th e  n o r m a l  p y ỉo r u s  r e m a in s  

c o n t r o v e r s ia l .  A l t h o u g h  i t  i s  t h o u g h i  to  p r o v id e  r e s is -  

t a n c e  to  g a s t r ic  e m p t y in g ,  10 a llo v v  fo r  c o m p le t e  m ix in g  

o f  g a s t r ic  c o n t e n t s  b y  t h e  a n  t r a i—p y lo r ic  p u m p ,  

p y lo r o p la s t y  ( o r  p y ỉ o r e c t o m v )  in  d o g s  vvith  n o r m a l  g a s -  

tr ic  in n e r v a t io n  c a u s e s  l i t t l e  c h a n g e  in  g a s t r ic  e m p ty in g .  

A fte r  p y lo r o p la s t y  a lo n e ,  t h e  g a s t r ic  a n tr u m  c a n  f u l f ì l l  

m a n y  o í  th e  í u n c t i o n s  o f  a  n o r m a l  p y lo r u s .  H o w e v e r ,  

a f te r  v a g o t o m y  o f  th e  g a s t r ic  a n tr u m , ih e  p y lo r u s  p r o -  

v i d e s  s u f f ic ie n t  r e s i s t a n c e  10 g a s t r ic  e m p t y in g  to  c a u s e  

m a r k e d ly  d e la y e d  g a s t r ic  e m p t y in g  o f  s o l i d s  in  m o r e  

th a n  o n e - t h ir d  o f  p a t ie n t s .  A ít e r  v a g o t o m y  a n d  

p y lo r o p la s t y ,  th e  l o s s  o f  p r o x im a l  g a s t r ic  r e c e p t iv e  r e -  

l a x a t io n  r e s u l t s  in  m o r e  r a p id  e m p t v in g  o f  l iq u id s  d e -  

s p i t e  a  l o s s  o f  a n tr a l p u m p  í u n c t i o n ,  p r e s ư m a b ly  b e c a u s e  

o f  l o s s  o f  g a s t r ic  c a p a c i t a n c e  a n d  l o s s  o f  p y lo r ic  r e s is -  

t a n c e  to  g a s t r ic  e m p t y i n g  s e c o n d a r y  to  p v lo r o p la s t y .

SURGICAL TECHN1QUE AND  
IND ICATIO N S FOR PROCEDURE

T h e r e  a re  tw o  d if f e r c n t  t e c h n iq u c s  ío r  p e r íb r m in g  a 

p y lo r o p la s t y ,  th e  H e i n e k e —M ik u l ic z A V e in b e r g  v a r ia n t  

a n d  t h e  F in n e y  v a r ia n t . A  th ir d  p r o c e d u r e ,  J a b o u la y

p y lo r o p la s t y ,  i s  r e a l ly  a g a s t r o d u o d e n o s t o m y  w i t h o u t  

d iv i s io n  o f  th e  p y lo r ic  r in g  a n d  is  t h e r e ío r e  n o t  t e c h -  

n ic a l ly  a p y lo r o p la s t y .  In  t h e  H e i n e k e —M i k u l i c z /  

W e in b e r g  v a r ia n t ,  a  l o n g i t u d in a l  i n c i s i o n  is  m a d e  

fr o m  th e  d ịs t a l  g a s t r ic  a n tr u m  a c r o s s  t h e  p y lo r u s  o n i o  

th e  íìr st  p o r t io n  o f  th e  d u o d e n u m .  T h is  i n c i s i o n  i s  t h e n  

c lo s e d  in  a t r a n s v e r s e  fa sh i.o n  in  e i t h e r  o n e  o r  t w o  la y e r s  

o f  s u t u r e s ,  c r e a t in g  a w id e  g a s t r ic  o u t le t  ( F ig .  1A ) . T h e  

a d v a n ta g e  o f  t h i s  p r o c e d u r e  is  e a s e  o f  p e r f o r m a n c e .  In  

th e  F in n e y  v a r ia n t , th e  d u o d e n u m  is  í ir s t  m o b i l i z e d  a n d  

t h e n  a p p r o x im a ie d  in  a s i d e - t o - s i d e  í a s h io n  to  th e  

g r e a te r  c u r v a tu r e  o f  t h e  s t o m a c h .  A  l o n g  in c i s i o n  i s  

t h e n  m a d e  f r o m  th e  g a s t r ic  a n tr u m  a c r o s s  t h e  p y lo r u s  

o n t o  th e  d u o d e n u m . A  s i d e - t o - s i d e  a n a s t o m o s i s  i s  th e n  

c o n s t r u c t e d  in  t w o  la y e r s  b e t w e e n  th e  s t o m a c h  a n d  d ư -  

o d e n u m  (F ig .  1 B ). T h e  a d v a n ta g e  o f  t h i s  p r o c e d u r e  is  

th a t  it  p r o d u c e s  a v e r y  la r g e  g a s t r ic  o u t l e t .  H o w e v e r ,  

s ig n i í ì c a n t  s c a r r in g  o f  th e  d u o d e n u m  c a n  m a k e  p e r ío r -  

m a n c e  o f  a  F in n e y  p y lo r o p ìa s t y  im p o s s i b l e .  T h e  m a in  

in d ic a t io n  fo r  a p y lo r o p la s t y  i s  t o  ía c i l i t a t e  g a s t r ic  e m p -  

t y in g  a f te r  v a g o t o m y .  H is t o r ic a l ly ,  t h e  m o s t  c o m m o n  

u s e  o f  p y lo r o p la s t y  w a s  in  c o m b in a t io n  w i t h  tr u n c a l  

v a g o t o m y  in  o p e r a t io n s  fo r  p e p t i c  u l c e r  d i s e a s e .  W ith  

th e  m a r k e d  d e c r e a s e  in  e l e c t iv e  s u r g e r y  fo r  p e p t i c  u lc e r  

d is e a s e ,  th e  m a in  m o d e r n  u s e  o f  p y lo r o p la s t y  i s  in  trea t-  

i n g  b l e e d i n g  d u o d e n a l  u lc e r s ,  t o  p r o v id e  a c c e s s  t o  th e  

u lc e r  a n d  t h e  g a s t r o d u o d e n a l  a r te r y . It i s  n o w  a l s o  c o m -  

m o n l y  a c o m p o n e n t  o f  r e c o n s t r u c t io n  p r o c e d u r e s  fo l-  

lo v v in g  e s o p h a g e a l  r e s e c t io n  w h e n  th e  s í o m a c h  i s  u s e d  

a s  a n  e s o p h a g e a l  c o n d u i t ,  in  o r d c r  to  p r e v e n t  g a s tr ic  

s t a s is  in  th e  in tr a th o r a c ic  s t o m a c h .

COM PLICATIONS

T h e  tn a jo r  c o m p l ic a t i o n s  a s s o c ia t e d  w i t h  p y lo r o p la s t y  

a n d  v a g o t o m y  in c lu d e  d u m p i n g  s y n d r o m e ,  w h ic h  is  

s e e n  in  u p  to  2 0 %  o f  p a t ie n t s .  P o s t v a g o t o m y  d ia r ĩh e a  

i s  s e e n  in  a p p r o x ìm a t e ly  10%  o f  p a l i e n t s  a íte r  t h e  p r o -  

c e d u r e .  E a r lv  sa  t te  ty  a n d  e p ig a s t r ic  í u l l n e s s  a r e  se e n  

in  m a n y  p a t ie n t s  in  th e  e a r ly  p o s t o p e r a t iv e  p e r .o d ,  

b u l  u s u a l ly  r e s o lv e  s p o n t a n e o u s l y  o v e r  t im e .  B ilc  r e í lu x  

a n d  b i l i o u s  v o m i t in g  a re  s c e n  in  2 — 5%  o f  p a t ie n t s  

a f te r  p y lo r o p la s t y .  In  o n e  s t u d y  w i t h  lo n g - t e r m  í o l l o v u p



F IG Ư R E  1 (A ) In a H e in ek e—M ik u licz pylorop lasty , a h orizontal in c isio n  is  m ade across the
p yloru s and then  is c lo sed  vertically , to w id en  the pyloric  orifi.ce. (B) In a F in n ey  p ylorop lastv , a back  
row  o f  serom u scu lar su tu res is  íìrst p laced  to approxim ate the d u o d en u m  and the greater curvature o f  
ihe an tru m. A U -shaped  i n cision  is  then m ade írom  the antrum  across the py lorus o n to  the d u ođ en um . 
T h is is then c lo sed  in  tw o layers, to con stru ct a side-to-sicle gastrocluodenal anastom osis. Illustrations  
by jim  Hardy, VA N orth  T exas H ealth C enter.

a f te r  v a g o l o m v  a n d  p y lo r o p la s t y ,  4 0 %  o f  p a t ie n t s  e x p e -  

r i e n c e d  s o m e  g a s t r o in t e s t in a l  d i s lu r b a n c e ,  a n d  6%  o f  

p a t i e n t s  e x p e r i e n c e d  s e v e r e  d i s t u r b a n c e s .

S e e  A lso  th e  F o llo w in g  A r t ic le s

D u m ping  Syndrom e •  G astric O utlet O bstruction  •  G astric  
Surgery •  P ylorus

F u rth er  R ea d in g

Dayton, M. (2002). Vagotomy and drainage (2002). ỉn  “ShackelỉbrcTs 
Surgery o f the Alim entary Tract” (D. Dem psey, ed..), 5th Ed., 
Voi. 2, pp. 117—130. w .  B. Sauncỉers, Philadelphia.

Richter, H. (1994). Physiologic consequences of vagotomy and 
gastric resection. Gastroenteroì. Clin. North Am. 2 3 (2 ), 
1 9 3 -2 1 3 .

skellenger, M., and Jơrdan, p. (1983). Com plications o f vagotomy  
and pyloroplastv. Sụrg. Cỉin. North Am , 6 3 (6 ), 1167—1178.



Pylorus
A n j a n a  K ư m a r a n d  K o n r a d  s. S c h u l z e  

ưniversítỵ o j ỉowa

bile reílux Movement of bile from the small intestìne 
(d u o d e n u m ) in to  the  stom ach . 

dumping syndrome Abnormally rapid em p ty in g  oĩ stomach 
co n te n ts  in to  the sm all in te s t in e , a sso c ia te d  w ith  
sy m p to m s o f  d iz z in e ss , rap id  h eart rate, sw e a tin g , 
n a u sea , an d  d iarrhea o ccu rr in g  m a in ly  a fter a m eal. 

pyloric s tenosis Narrowing of the pyloric (outlet) region of 
the  sto m a ch .

pyloric tone Variable level o f on goin g  contraction  o f the 
m u scu la tu re  in  the p y lo r ic  reg ion  o f  th e  s to m a c h . 

p y lo r o p la s ty  A  su rg ica l p roced u re that e n la r g e s  the  o p e n in g  
sep aratin g  the sto m a ch  from  the sm a ll in te s t in e .

P yloru s m ea n s ga tek eep er  in  G reek. T h e  term  a p tly  r e ílec ts  
the íact ihat the py lorus C ontrols the resis tance to flow 
a cro ss the narrow  gastric  o u tle t. T he d ia m e ter  o f  th e  py- 
lo ru s  is  se t  b y  the b a se lin e  te n s io n  o f  th e  p y lo r ic  m u sc le  
(p y lo r ic  to n e ). F orcefu l p y lo r ic  c lo su r e  is  part o f  th e  ter- 
m in al antral c o n tra ctio n  that lea d s to  r e tr o p u ls io n  o f  gas-  
tr ic  c o n te n ts . T he p y ìo r ic  sp h in c ter  is  a c o m p le x  m u scu la r  
stru ctu re  that is  en ỉo rc ed  by d e n se  c o n n e c t iv e  t is su e .

ANATOMY

T h e  p y lo r ic  s e g m e n t  e x t e n d s  fr o m  t h e  p r o x i m a l  p y lo r ic  

m u s c le  l o o p  (P P L )  to  th e  d is ta l  p y lo r i c  m u s c l e  l o o p  

(D P L )  (see Fig. 1). The P P L  is a broad band of circular 
m u s c le  th a t  fa n s  o u t  f r o m  th e  l e s s e r  c u r v a t u r e  c l o s e  to  

th e  d u o d e n a l  b u lb  a n d  r e a c h e s  t h e  g r e a t e r  c u r v a t u r e  

several centim eters upstream. The D P L  is a thick bundle 
o f  c ir c u la r  m u s c le  a t t h e  b a s e  o f  t h e  d u o d e n a l  b u lb .  

R e in t o r c e d  b y  c o l la g e n - r ic h  c o n n e c t i v e  t i s s u e ,  t h i s  p y -  

lo r ic  r in g  s u r r o u n d s  th e  n a r r o w  l u m e n  o f  th e  p y lo r ic  

o r i f ic e .  P P L  a n d  D P L  c o n v e r g e  o n  th e  l e s s e r  c u r v a t u r e  in  

a  k n o t  o f  c o n n e c t iv e  t i s s u e  a n d  fa t , k n o w n  a s  p y lo r ic  

torus. O ĩì  contraction, the torus w ed ges into the groove  
b e t w e e n  th e  t w o  m u s c le  l o o p s  o n  t h e  g r e a t e r  c u r v a t u r e .  

T h e  p y lo r ic  c a n a l r e íe r s  to  th e  l u m e n  i n s id e  th e  

c o n t r a c t e d  p y lo r ic  s e g m e n t .

PHYSIOLOGY AND INN ER VATIO N

T h e  p y lo r u s  d if f e r s  ír o m  o t h e r  g a s t r o in t e s t in a ]  s p h in c -  

t e r s  in  th a t  i t  d o e s  n o t  o c c lu d e  t h e  l u m e n  a t r e s t .  A s

g a s t r ic  c o n t r a c t io n s  r e a c h  th e  P P L , th e  e n t ir e  p y lo r i c  

s e g m e n t  c l o s e s  in  r a p id  s e q u e n c e ,  t h e  t e r m in a l  a n tr a l  

c o n t r a c t io n .  A n tr a l  f o ld s  p r o la p s e  in t o  t h e  p y lo r u s  a n d  

ío r m  a  m u c o s a l  p lu g ,  w h i c h  r e d u c e s  t h e  p y lo r ic  l u m e n  

t o  a  s t a r - l ik e  s l i t .  S im u l t a n e o u s ly ,  t h e  p y ỉo r u s  s h o r t e n s  

a n d  m o v e s  o r a d  a n d  to w a r d  th e  le f t .  A s  th e  c o n t r a c t io n  

p a s s e s ,  t h e  p y lo r i c  s e g m e n t  t la r e s  o p e n  f r o m  i t s  p r o x i -  

m a l e n d .

P y lo r ic  a c t iv i t y  i s  c o n t r o l l e d  b y  e n t e r i c  n e r v e s  in  th e  

m y e n t e r ic  p l e x u s .  T o n ic  in h ib i t o r y  n e r v o u s  i n p u t  m a in -  

t a in s  t h e  p ỵ l o m s  i n  a  r e la x e d  State a t r e s t .  I n h ib i to r y  

n e r v e s  r e l e a s e  n i t r ic  o x i d e  a n d /o r  v a s o a c t iv e  in t e s t in a l  

p e p t id e .  N i t r id e r g ic  in h i b i t i o n  o f  t h e  p y lo r u s  o c c u r s  

w it h  v a g a l  a n d  a n tr a l  s t im u la t io n .  E x c i t a t o r y  c h o l in e r -  

g ic  a n d  e n k e p h a l i n e r g i c  n e u r o n s  s t im u la t e  p y lo r i c  m u s -  

c l e  t o n e  a n d  c o n t r a c t io n s .

E n t e r ic  n e u r o n s  s y n a p s e  w i t h  s y m p a t h e t i c  n e ư r o n s  

f r o m  th e  c e l ia c  p l e x u s  a n d  p a r a s y m p a t h e t ic  ( v a g a l )  n e u -  

r o n s  v ỉa  t h e  n e r v e  o f  L a ta r je t . T h e  p y lo r i c  m u s c u la t u r e  

c o n t a i n s  f e w e r  in t e r s t i t ia l  c e l l s  o f  C a ja l th a n  t h e  g a s t r ic  

a n d  d u o d e n a l  m u s c u la t u r e .

FU N C T IO N

P y lo r ic  a c t iv i t y  a d a p t s  t o  th e  p r o p e r t i e s  o f  th e  lu m in a l  

c o n t e n t s .  A  w i d e l y  p a te n t  p y lo r u s  ( d ia m e t e r  o f  a p p r o x -  

im a t e ly  1 c m  i n  h u m a n s )  a l l o w s  fo r  r a p id  o u t í l o w  o f  

i s o t o n i c  s o l u t i o n s .  A c id  in c r e a s e s  p y lo r i c  t o n e  t h r o u g h  

c h o l i n e r g i c  s t i m u l a t i o n  a n d  s l o w s  f lo w .  F a t  t r ig g e r s  in -  

t e r m it t e n t  p y lo r i c  c o n t r a c t io n s  in  th e  a b s e n c e  o f  a n tr a l  
o r  d u o đ e n a l  a c t iv i t y  ( i s o la t e d  p y lo r ic  c o n t r ạ c t io n s ) .  

C o n t r a c t io n s  o f  p r o x im a l  s t o m a c h  a n d  a n tr u m  d r iv e  

b o l u s e s  o f  l i q u id s  a n d  s m a l l  p a r t ic le s  t h r o u g h  th e  p y lo -  

r u s . L a r g e r  p a r t i c l e s  a n d  fa t  a r c  t r a p p e d  b y  th e  t e r m in a l  

a n tr a l  c o n t r a c t io n  b e f o r e  r e a c h in g  t h e  p y lo r ic  o r i í ì c e  

a n d  a r e  d is p e r s e c ì  b y  a  p o w e r f u l  r e t r o g r a d e  j e t .  T h e  

s e p a r a t io n  o f  l i q u id  a n d  s o l i d  p h a s e s  a t  th e  g a s t r ic  o u t le t  

i s  k n o w n  a s  s i e v in g  a n d  o c c u r s  in  p a r t  t h r o u g h  d e c a n t -  

in g .  P h a s ic  c o n t r a c t io n s  o f  p y lo r u s  a n d  a n tr u m  g e n e r a t e  

t h e  s h e a r  f o r c e s  th a t  b r e a k  d o w n  p a r t ic le s  a n d  m ix  p a r -  

t i c l e s ,  fa t  d r o p le t s ,  a n d  s e c r e t i o n s  to  th e  s lu r r y  k n o w n  

a s  g a s t r ic  c h y m e .



F IG Ư R E  1 S ch em e o f the relaxed  (left) and  contracted  (r igh t) py lorus. DB, d u od en al bulb; DPL, 
distal py loric  loop; PPL, p roxim al pyloric lo o p . (R ight) The co n ira ctio n  o f the pyloric m uscle loop s has 
led  to c lo su re  o f  the py loric  canal. R eprinted from  Keet, A .D ., Jr. (1 9 5 7 ). T he prepyloric contractions in  
the norm al stom ach . A c ta  Radiol. 4 8 , 4 1 3 —4 2 4 , w ú h  k ind  p erm iss io n  o f  the au tho r and cd itor o ĩA c ta  
Raảioỉogicci.

ABNORM AL FU N C T IO N

Pyloric íivnction may be affected by operative interven- 
tion (gaslric resection, pylorop lasty), by denervation  
(vagotom y, diabetic au ton om ic n europathy), by m us- 
cular hypertrophy, or by m ucosal in ílam m ation  (peptic  
ulcer disease). Pyloric in com p eten ce leads to precipi- 
tous gastric em ptying or dum ping, particularly o f  íluids. 
Diarrhea and m aldigestion m ay result. Pyloric sten osis  
leads to gastric reiention , vom iting, and w eight loss.

Iníantile Hypertrophic Pylorìc Stenosis

Inĩantile hypertrophic pyloric sten osis  reíers to 
gastric outìet obstruction from m uscular hỵpertrophy. 
It affects 1 o f  150 m aìes and 1 o f 750  fem aìes at birth. 
A deíìciency of n itric ox id e-con ta in in g  n eurons is 
invoked.

Peptic Disease

Pepiic disease can cause pyloric deíorm ation. The 
disruption o f the torus and DPL leads to a short, w ide, 
and incom petent pylorus. A “k ey h o le” deíorm ity  o f the 
pylorus and foreshortening of the duodenal bulb m ay  
be seen. Sears in volvin g the PPL produce an antral 
web and a long sten otic pylorus.

Denervation

V agotom y may result in  a íunctíonal pyloric stcnosis  
(pylorospasm ). An au tovago tom y  is co n sid ered  to be 
responsible íor d isrupted gastroduodenal m otor activity 
and pylorospasm  in  autonom ic neuropathy, particularly 
in  d iabetcs m ellitus.

See Also the Following Articles

Dumping Syndrome •  Electrogastrography •  Gastric Motility
•  Pyloric Stenosis •  Sphincters

Further Reading

Allescher, H .-D., and Daniel, E.-E. (1994). Role of NO in pyloric, 
an trai ancl duodenal motility and its ỉnteraction with other 
inhìbitory m ediators. Digest. Dis. Sci. 39, 73S -7 5 S .

Biancani, p., Zabinski, M.-P., Kerstein, M.-D., and Behar, J. (1979). 
M echanical characteristics of thc cat pylorus. Gastroeníeroỉogy 
77, 3 0 1 -3 0 9 .

Ehrlein, H.-Ị. (1988). M otility o f the pylorỉc sphinctcr studied by the 
inductograph niethod in conscious clogs. Am. Ị. Physiol. 254, 
G 6 5 0 -G 6 5 7 .

Lu, C.-C., and 5chulze-D elrieu, K. (1990). Pyloric deíormation from 
peptic disease— Radiographic evidence for incom petence rather 
than obstruction. Digest. Dis. Sci. 35 , 1 4 5 9 -1 4 6 7 .

Mearin, F., Camilleri, M., and Malagelada, J.-R. (1986). Pyloric 
cìysíưnction in diabetics w ith recurrent nausea and vomiting. 
Gastroenterology 90 , 1 9 1 9 —1925.

Torgensen, J. (1942). The muscular build and m ovem enis of the 
s to m ach  a n d  d u o d e n a l bulb. Acta Radioỉ. 45 , 1 — 191.





Radiology, Interventional

R

Roy L. G o r d o n

University oJ Caỉi/ornỉa, San Francisco

Interventional radiology (1R) is a subspecialty o f radiol- 
ogy, w hich is based on the use o f imaging techniques 
for diagnostic purposes and to guide m inimally invasive 
therapeutic procedures. For example, in a patient with  
bleeding into the gastrointestinal tract, a small catheter 
is inserted percutaneously into the íemoral artery in the 
groin. The catheter is then manipulated up the aorta and 
selectively into a m esenteric artery, using íluoroscopic 
guidance. An X-ray contrast agent is injected through 
the catheter and radiographs are taken. These identiỉy  
and locate a blceding si te w ithin the bowel, providing 
an excellent diagnostic test. Then, an em bolic agent, 
such as a m etallie coil, can be injected through thc 
same catheter to block the bleeding artery and provide 
the deíìnitive treatment to stop the bleeding. These image- 
guided m inimally invasive techniques are not only used  
intravascularly, but are valuable in many other gastroin- 
testinal applications, such as in the lumen of the alimen- 
tary tract, pcrcutaneously into the liver, biliary tract, and 
other visccra, and íor ihc drainage o f absccsses or íluid 
collections. The instrum ents em ployed are typically nee- 
dles, w ires, catheters, batloons, snares, collapsible bas- 
kets, emboli, and other small-caliber devices. Guidance 
may be provided by X-ray image-intensified Auoroscopy, 
com puted tomography, ultrasonography, or less com- 
m only, magnetic resonance imaging. In m ost cases, the 
procedures are accom plished under local anesthesia with  
moderate sedation, elim inating the need for general an- 
esthesia, which is often needed for conventional surgical 
interventions. Recovery time is typically much shorter 
than for surgery and many procedures can be performed 
on an outpatient basis. No surgical incisions are needed. 
The use o f IR in the gastrointestinal tract as it pertains 
to the different parts o f  the gastrointestinal tract 
w ill be described.

ALIMENTARY CANAL

Feeding Tube Manipulation

Patients often are unable to eat or to feed them selves  
because o f im paired con sc iou sn ess or other temporary 
problem s. A sim ple tem porary so lu tion  is to pass a small

tube into the nose, through the esophagus, and into the 
stom ach.

This can be carried out by a nurse at the bedside. 
Som e patients do not em pty their stom achs w ell, so that 
the liquid nutrients injected dow n the tube, called a 
feeding tube or nasogastric tube, accum ulate in the 
stom ach and may cause reílux into ihe lungs and aspi- 
ration pneum onia. ư s in g  íluoroscopic guidance and  
guide-w ire and catheter techniques, the interventional 
radiologist can m aneuver these tubes deep into the 
third part o f the duodenum . This stops reílux and 
delivers the nutrients to the jejunum , w here they can  
be absorbed.

Percutaneous Gastrostomy

N asogastric tubes are not suitable for long-term  use 
because they are uncom íortable íbr patients and may 
becom e d islodged. Long-term  tube íeeding to the stom - 
ach or the jejunum  can best be achieved by placing the 
tube percutaneously through the anterior abdom inai 
wall directly into the lu m en  o f the stom ach. This can 
be done during open  surgery, by laparoscopic tech- 
niques, by com bined  gastric en doscopy and surgery, 
and m ost sim ply by direct puncture under íluoroscopic  
guidance by the interventional radiologist. The inter- 
ventional radiology technique is to inílate and distend  
the stom ach w ith  air injected dow n a nasogastric tube. 
The stom ach p ush es up against the anterior abdom inal 
wall and d ispiaces all other structures. The entry site is 
just b elow  the left costal edge in  line w ith  the nipple. The 
procedure is perform ed using local anesthesia and m od- 
erate sedation. A n eed le is passed percutaneously into  
the distended air-fìlled stom ach, w hich  is easily seen  
íluoroscopically . T-fasteners are deployed  through  
three separate n eeđ le punctures and are used  to fìx 
the stom ach to the anterior abdom inal wall. A fourth 
puncture is used  to place a stiff guide wire into the 
stom ach. Seriaỉly enlarging dilators are used over the 
wire to enlarge the tract. Finalỉy, a 14-French self- 
retaining catheter is  passeci over the w ire and provtdes 
access to feed the stom ach.



Diagnosis of Bowel Ischemia

The arterial b lood  supply to the bow el com es from  
three main arteries arising from the aorta. These are the 
celiac trunk, the superior m esenteric artery, and the 
inỉerior m esenteric artery. An additional arterial collat- 
eral supply can be developed  via branches o f the internal 
iliac arteries. P lacem ent o f a catheter in the aorta allovvs 
the injection o f contrast agent and the Blming o f an 
angiogram  to sh ow  any blockage o f the arteries or 
veins that may cause the bow el to be ischem ic or 
have an im paired b lood  supply. W ith  rapid progress 
in  noncatheter angiography techniques such as 
com puted  tom ography (CT) or m agnetic resonance im- 
aging (MRI), catheter angiography may be needed  
in ữ eq uently  and w ill be largely supplanted by the 
noninvasive techniques. Ít is im portant to dem onstrate 
the site o f acute arterial occlu sion  at an early stage so  
that treatment can be instituted beíore lack o f b lood  
causes irreversible ischem ic necrosis and períoration  
of the bowel.

Diagnosis and Treatment of Intestinal Bleeding

Catheter angiography is an im portant and accurate 
m ethod o f dem onstrating the actual intestinal b leeding  
site. An angiogram  is performed, opaciíy ing the arterial 
tree supplying the bow el. Bleeding is dem onstrated by 
the leakage o f contrast from the lum en  o f the artery, 
causing a persistent stain or co llection  o f extravascular 
contrast agent. Once the site o f active b leeding is dem - 
onstrated, it is possib le in many cases to pass a sm all 
catheter selectively down the b leediĩig  artery to the 
p oint o f the bỉeeding. The artery is then sealed off at 
this point, by the trans-catheter in jection  o f an em bolic  
agent such as a m etal coil or polylvinyl a lcohol particles. 
T his treatment is rapid and effective and elim inates the 
need  for conventional surgical operative treatm ent. The 
interventional treatm ent o f variceal b leeding from por- 
tal hỵpertension is described b elow  under transjugular 
intrahepatic portosystem ic shunt (TIPS). X-ray íluoros- 
cop y provides the visualization necessary to guide these 
procedures.

Stricture Dilation

Strictures at each end o f the gut can be traversed 
by catheter and guide-w ire techniques allow ing for 
the coaxial passage of dilating balloons or, in  addi- 
tion, expandable m etallic stents. M aỉignant and 
benign  strictures o f the esophagus, duodenum , and 
recto-sigm oid  co lon  have been su ccessíu lly  treated 
and stricture d ilations have been useíu l as palliation

in terminal m alignancy or as preparation íor surgery  
on the colon.

LIVER

Tumor Ablation

Tum ors or m etastatic m asses in the liver that cannot 
be surgically excised  can be com pletely or partially de- 
stroyed by percutaneous alcohol in jection  directly into  
the tum or, by percutaneous p lacem ent o f a radio- 
írequency probe into the tumor, w hich  delivers heat 
energy to destroy the tum or m ass, or, alternatively, 
by destroying the tum or via freezing, u sin g  a cryo- 
probc placed into the tum or mass. A different approach  
is selective infusion o f chem o-em bolic agents through  
an arterial catheter. This technique delivers high  
concentrations o í  agents speciíìcally targeted at the 
tumor cells and is less toxic than intravenous adm inis- 
tration o f these agents. B locking the íeed ing  artery with  
em boli reduces the oxygenation  to the tum or cells , mak- 
ing thèm  m ore vulnerable to the chem otherapeutic  
drugs. AU these procedures are d ep en dent on  image 
guidance techniques such as íluoroscopy, ultrasound, 
CT, MRI, or a com bination  o f two m odalities. The ef- 
íectiveness o f these procedures varies greatly from oc- 
casional com plete cure to m inimal palliation. The 
results depend on the size o f the m ass, the num ber of 
m asses, the location  o f the m asses, and the etio logy of 
the m asses.

Diagnosis and Treatment of Bleeding

Bleeding can occur in the liver due to trauma, iat- 
rogenic injury such  as biopsy, or tum ors. A ngiography  
can be used to identiỉy  the site o f b leed in g  and then the 
bleeding can ữequently  be stopped u sing  selecíive  
trans-catheter em bolization.

Percutaneous Cholecystostomy

The gallbladder can be drained percutaneously in 
patients w ho have inAamm ation of the gallbladder (cho- 
lecystitis), w ho have an obstruction o f the cystic duct 
draining the gallbladder, or w ho have ston es in  the gall- 
bladder. These patients w ould usưallv undergo surgical 
rem oval o f their gallblaclders, but they m ay require per- 
cutaneous drainage as a temporary m easure until they 
are w ell enough to have surgery. The drainage catheter 
is placed into the gallbladder Via a p ercutaneous needle 
puncture and coaxial guide-w ire techn ique using ultra- 
sound guidance.



Percutaneous Transhepatic Cholangiography

In a sim ilar m anner, a thin 2 2 -gauge needle can be 
passecl percutaneously into a bile duct. Contrast m ate- 
rial is injected through the needle, thus opaciíying the 
bile ducts. X-ray íìlm s can then be taken sh ow ing the 
anatom y and any pathological changes o f the b ile ducts. 
The procedure is perform ed under íluoroscopic guid- 
ance and in a num ber o f cases u ltrasound can also be 
used to assist in  duct puncture, especially 011 the left side 
of the liver. Percutaneous transhepatic cholangiography  
(PTC) is o f  particular value vvhen retrograde endoscop ic  
cholangiography is n ot possible. PTC is the íìrst step in 
p ercutaneous transhepatic biliary drainage, described  
in the n ex l section.

Percutaneous Transhepatic Biliary Drainage

O nce a bile duct has been punctured, as described  
above, a gu id e wire can be passed through the needle  
in to  the lu m en  o f  the puncturecl bile duct. The needle is 
rem oved and a catheter can be passed over the retained  
guide wire in to  the duct, establishing access from  the 
skin  to the biliary tree. This percutaneous, sk in-to-duct 
tract provides a route for drainage o f a b locked  system , 
access for b alloon  d ilation  o f strictures, stone rem oval, 
or en d olum en al b iopsy. Expandable m etallic stents can 
be placed via th is route to keep narrovved ducts open. 
T hese techn iqu es ha ve found w ide application in both  
the treaim cnt o f b cn ign  disease and the palliation of 
m alignant d isease.

Transjugular Intrahepatic Portosystemic Shunt

One o f the m ost dram atic procedures highlighting  
the scope o f  in terventionaì radiology is the TIPS proce- 
clure, in w h ich  a shunt is created by m aking a tract 
íhrough the substance o f  the liver to connect the portal 
vein  directly to the hepatic vein (Fig. 1). TIPS is used  as a 
treatm ent for the seriou s con d ition  o f  high pressure in 
the portal vein  (portal hypertension). The consequences  
of portal hypertension  are life-threatening gastrointes- 
tinal b leed in g  and ascites. A long need le is passed via a 
p ercutaneous puncture o f the internal jugular vein  in  
the neck, d ow n  through the superior vena cava and the 
right atrium , and into the right hepatic vein. The needle

FIG Ư RE 1 (a) Transjugular portal venogram shovving abnor-
mally ìarge cợronary vein (arrow) and varices (arrovvheads). 
(b) The TIPS has been constructed ancỉ the metal stents are easily 
seen (arrow). Metal coils have been used to block the varices 
(arrowheads). (c) Com pletion venogram shovvs that blood  
flows from the portal vein through the TỈPS (arrow) to the 
right atrium (star). The varices no longer fỉlì w iih bloocl.



is then passed through the substance oí the liver to 
puncture the right portal vein w ithin the liver. This 
passage is then dilated with a balloon catheter and it 
is kept open by m eans o f an expandable m etallic sent. 
Blood is shunted through this newly created tract, 
bypassing the diseased liver and flowing directly írom  
the portal system  to the hepatic vein and then to the 
inĩerior vena cava. The portal system  is decom pressed , 
w hich  stops portal b leeding and allow s ascites to 
resolve.

ABSCESS DRAINAGE

Im aging techniques such  as ullrasound, CT, and MRI 
provide an excellent dem onstration of any fluid accu- 
m ulations or abscesses w ithin  a patient's bocly. In m ost 
cases, a needle can be inserted percutaneously under  
local anesthesia into the collection, using ultrasound, 
CT, or possibly MR1 guidance. Then, Via the needle  
lum en, a guide wire is inserted and ihe need le is 
exchanged for serially enlarging dilators and íỉnaliy  
a self-relaining catheter to provide clrainage. O ccasion- 
aily it is sufficient to just aspirate the con ten ts o f the 
collection  via the needle. Percutaneousabscess drainage 
is  in very írequent use and has greatly im proved and  
sim pliíìed  the scope of care ol patients w ith  primary  
abscesses and especially  o f patients with postoperative  
abscesses.

BIOPSY

The sam e im age-guided  techniques allow  the needle  
b iopsy of su sp iciou s lum ps in all parts o f the body. 
O íten, aspirating som e tissue cells through a thin needle  
is  enough to a llow  the cytologist to make a diagnosis. 
In other instances, a large-caliber need le is used to 
provide a core b iopsy for full h istological exam ination. 
Percutaneous b iopsy is safe, sim ple, and effective and 
is w id ely  used.
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Rectal ưlcers
L isa  M . Y e r ia n  

U n ivcrs ily  o [ C h ica g o

e ro s io n  A p artia l-th ick n ess m u c o sa l d e fe c t . 
n eo p la sia  T he p a th o lo g ica l p r o c e s s  th a t r e su lts  in  the  

ío rm a tio n  and gro w th  o f  a tu m o r. 
prolapse T h e d e sc e n t  o f  a b o d y  part fro m  its u su a l  

a n a to m ica l p o sit io n . 
ten esm u s A p h y sica l sy m p to m  d e sc r ib e d  a s  u r g e n t , p a in íu l,  

a n d  in e íĩe e t iv e  stra in in g  at s to o l.  
ulcer A  fu ll- th ic k n e ss  m u c o sa l d e fec t .

R ectal u lc er s  are fu ll- th ic k n e ss  d e íe c t s  o f  th e  recta l rnu- 
c o sa . T h ey  ty p ica lly  p r e se n t c lin ic a lly  w it h  r ec ta l b le e d in g  
or p a in . A s in  Oíher p o r t io n s  o f  th e  c o lo n , v a r io u s  path - 
o lo g ic  p r o c e s se s  an d  in ju r io u s  a g e n ts  c a n  lea d  to  r ec ta l  
m u c o sa l in jury and  r esu ỉta n t p a th o lo g ic  c h a n g e s  r a n g in g  
from  focaỉ ery th em a  o r  e r o s io n  to  u lc e r a t io n . T h e  in ju ry  
m ay b e  lo ca lized  to  th e  r ec tu m  o r  th e  r ec tu m  m a y  be  
a ffec te d  by  d ise a se  p r o c e s s e s  that a lso  a ffec t o th e r  p or-  
t io n s  o f  the co lo n . T h e  d ia g n o s is  o f  r e c ta l u lc e r s  is  b a sed  
o n  a ty p ica l c lin ic a l p r e se n ta t io n  c o m b in e d  w ith  charac-  
te r is t ic  e n d o sco p ic  and  h is to lo g ic  í ìn d in g s .

IN TRO DU CTIO N

Rectal m ucosal ulceration represents a n o n sp ec iíic  effect 
of m ucosal injury. The injury m ay be confined  to the 
rectum  or it may be diffuse or m ultiíoca l, also affecting  
other portions of the gastrointestinal tract. The type of  
injury varies, but com m on causes o f  rectal m ucosal in- 
ịury include ischem ia, physical trauma, and in íection . 
The degree of m ucosal irỳury d ep en ds on  the tim ing, 
type, and severity of the inịury, and the resultant path- 
o ìogic changes range from m ild  m ucosal erythem a to 
erosion and, ultimately, ulceration. T h is article íbcuses  
on the clinicopathologic íeatures o f com m on  d iseases in 
w hich  rectaỉ ulceration can occur. T h ese en tities are di- 
vided into those processes that typically are lim ited  to the 
rectum  and those in vvhich rectaì in vo lvem en t may occur 
as part o f a more diffuse co lo n ic  d isease.

ULCERS UNIQUE TO THE RECTUM

Mucosal Prolapse Syndromes

The m ucosal prolapse svndrom es [solitary rectal 
ulcer syndrom e (SRUS), rectal prolapse, proctitis

cystica proíunda (PCP), and inílam matory cloacogenic  
polyp] are a group o f entities characterized by rectal 
m ucosal injury related to m ucosal prolapse. The m uco- 
sal prolapse syn drom es often coexist and exhib it over- 
lapping clin ica l, en d oscop ic, and h istologic features. 
The en d oscop ic  and h istologic íeatures depend on the 
ừ eq u en cy, location , and duration of prolapse and ihe 
und erly in g  cause. All o f  ihese entities are United by a 
sim ỉlar p rocess o í  iĩýury resulting in ulceration follow ed  
by m ucosal regeneration, leading to the developm ent of 
a p olypoid  lesion . The syndrom es have been referred to 
by the various nam es listed above, depending on w hich  
h isto log ic  ĩeature is  m ost prom inent.

Patients affected by m ucosal prolapse typicaìly 
presenl in the third or íourth decade with sym ptom s 
of anorectal d isease. Palients may com plaỉn  of rectal 
bleed in g , diarrhea, anorectal pain, abdom inal cramps, 
diffìculty d eíecatin g  (constipation , straining, rectal pro- 
lapse, or a sen se o f  in com pìete rectal em ptying), or fecal 
in con ũ n en ce . E ndoscop ic exam ination reveaỉs ulcer- 
ated, p o lyp o id , and/or indurated areas, m ost often lo- 
cated on the anterior or anterolateral wall. ư lcers, if 
present, often  straddle a rectal fold and vary in size 
from  a few m illim eters to several centim eters in  diam- 
eter. U lcers are n ot always present, however, and som e 
palients o n ly  have an erythem atous area w ith  or w ithout 
polypoid  p roịections.

Solỉtary Rectal ư ỉcer  Syndrome

Solitary rectal u lcer syndrom e is characterized by 
the p resen ce o f  u lcers or polypoid inílam m atory lesions  
in  the rectum  (Fig. 1). The descriptive name of this 
con d ition  is m isleading, however, as the lesions are fre- 
quently m ultip le and in  alm ost half o f the cases there is 
no ulceration . This entity affects both children and 
adults, m ostly  those betw een 20 and 40  years of age, 
and is m ore com m on  in  wom en. The m ost com m on  
sym ptom  is rectal b leeding during defecation, follow ed  
by m ucus discharge, anorectal or abdom inal pain, 
and tenesm us. M ost patients report having had symp- 
tom s for m any years and m any cases are ini.ti.ally 
m isd iagnosed.



F IG U R E  1 E n d oscop ic im ages oỉ solitary rectal u lcer  
syndrom e. (A) Typical case o f so litary rectal u lcer syndrom e, 
exh ib itin g  po iypoid  prọ ịection  o f  rectal rnucosal but no ulcera- 
tion. (B) Solitary rectal u lcer w ith  u lceration  overly ing prolapsed  
rectal m ucosa.

The pathơgenesis of SRUS is relatcd to abnormal 
colonic m otility. Most patients with SRƯS have abnor- 
nial contraction o f the puborectalis m uscle, increased  
externaì sphincter tone, increasecl intrarectal pressure

during evacuation, and overt or occult prolapse o f  the 
rectal mucosa. The pathogenesis is related to inadequate 
relaxation of the internal anaì sphincter or the overall 
rectal m usculature, resulting in excessive straining  
during deíecation. The com bination of interm ittent 
m ucosal prolapse with vascular com prom ise and m ech- 
anical trauma to the m ucosa results in m ucosal erosions. 
W ith repeated episodes, there is P rogressive injury 
and m ucosal regrowth, leading to the form ation of 
a polyp.

The diagnosis o f SRƯS is based on  sym ptom s in 
conjunction with the characteristic endoscop ic and his- 
tologic íindings. In som e cases a cystic mass, polyp, or a 
sessile villous lesion  may be seen. The lesions occur  
rnost frequently on  the anterior or anterolateral rectal 
wall, but can be more extensive and m ay even be cir- 
cum íerential. H istologic sections o íten  show  íeatures 
of m ucosal hỵperplasia, often exhib iting architectural 
distortion with serration of glandular lụm ens. There 
may be surĩace erosion or ulceration. There is often  
ITbrosis or neovascularization of the lamina propria 
and thickening of the m uscularis m ucosae, with upward 
extension  of sm ooth  m uscle fibcrs into the lam ina 
propria.

The prognosis for SRƯS varies. The lesion s may 
regress, remain stable, or progress and b ecom e dis- 
ahling. A lthough there is no d eíìn iiive therapy for 
SRUS, sym ptom s mav be reduced by conservative 
m easures ỉncludỉng dietary m odiRcations, ỉocal agents 
to prom ote tissue regeneration, or b ioíeedback behav- 
ioral training to corrcct the abnorm al deíecation  
process. In severe cases, surgical treatm ent may be 
considered.

Recíal Prolapse

Rectal prolapse is the descent of som e or all o f the 
layers of the rectal wall through the anal sphincter. 
Rectal prolapse occurs in iníants, is uncom m on in  chil- 
dren and young adults, and increases in ĩrequency after 
age 40. Palients w ith  rectal prolapse often com plain of 
str-aining or pain during deíecation, fecal incontinence, 
m ucus discharge, pruritus, rectal b leeding, a sense of 
obstruction of incom plete rectal evacuation, and peri- 
neal or intervaginal pressure. The presence of reddened, 
protruding rectal m ucosa is characteristic o f rectal 
prolapse or a palpable mass may be detected on digital 
rectal exam ination (Fig. 2). There m ay be suríace ero- 
sion  or ulceration. Because the lesion s can have an en- 
doscopic appearance and a clinical presentation similar 
to rectal cancer, h istologic analysis is iraportant for 
diagnosis. H istologic ĩeatures arc sim ilar to those seen 
in SRUS.



F IG U R E  2 Endoscopic (A) and gross resection specim en  
(B) images of rectal mucosal prolapse. Clinically and endo- 
scopically ihe lesion was suspectecl to represent rectal cancer. 
However, hisiologic analysis of the endoscopic biopsies and eval- 
uation o f the resection specim en coníìrm ed the diagnosis o f rectal 
mucosa prolapse.

Proctitis Cystica Pro/unda

Proctitis cvstica prọhm da is the deep d isplacem ent  
of rectal mucosa through the m uscularis m ucosae and 
into the subm ucosa or deeper parts o í the intestinal wall.

This entity reprcsents regenerative changes follow ing  
deep ulceration o f the co lon  from any cause. Patients 
may com plain  of b lood  and m ucus in stools, but PCP 
may not be sym ptom atic. PCP m ost com m onỉy occurs 
as an isolated lesion  in the la te stages o f  SRƯS but m ulti- 
ple sm all lesions may be seen  in chronic inílam m atory  
con d itions such  as inflam m atory bow el disease. PCP is 
rarely obscrved in an otherw ise apparently norm al 
colon.

PCP m ay not be visib le endoscop ically , írequently  
presenting as an incidental h istologic finding. w h e n  
observed grossly, PCP may appear as a raised or 
polypoid  lesion , as focal m ucosal edem a or erythem a, 
or w ith obvious cysts from w hich thick m ucus m ay 
exude w hen  com pressed. H istologic sections reveal 
cystically dilated co lon ic  glands w ithin  the subm ucosa  
or deeper in the intestinal wall. The glandular ep ithelium  
is usually norm al or hyperplastic, but may sh ow  regen- 
erative ĩeatures.

ỉnflammatory Cloacogenỉc Polyp

ln ílam m atory cloacogen ic polyp is a polypoid  pro- 
lapse o f the anorectal transitional zone m ucosa. It typ- 
ically presents in the fìfth to seventh  decades as a sm all, 
sessile polyp at the anorectal junction . It was originally  
defined by its suríace lin ing of transitional-type epithe- 
lium , but this feature is now  thought to represent a 
m etaplastic change in SRUS. This inílam m atory polyp  
has h isto logic features sim ilar to those seen  in  m ucosal 
prolapse and SRUS, includ ing íìbrosis and sm ooth  m us- 
cle íìbers extend ing  into the lamina propria. These sim - 
ilarities suggest that prolapse may be im portant in  
the pathogenesis o f these polyps and have led som e 
authors to include this entity in the m ucosal prolapse 
syndrom es.

Stercoral Ulcer

Stercoral ulcers are longitudinal m ucosal tears or 
períorations that result from fecal im paction. They 
occur m ost frequently in  the distal co lon  and rectum. 
Patients typically present w ith  severe chronic con- 
stipation, pain, and rectal b leeding. The hard, im pacted  
fecal material causes localized pressure, ischem ia, and  
subsequent necrosis o f  the m ucosal suríace. The ulcers 
may be single or m ultip le and usually have sharply  
defined edges and there is congestion  o f the adjacent 
m ucosa. M ost lesion s are coníìned  to the subm ucosa, 
but deeper u lceration  and períoration can occur. 
Biopsy m ay be obtained to exclude other inílam m a- 
tory causes o f  u lceration  or neoplasia. H istologic  
sections o f the early lesions reveal ischem ic injury  
with extensive necrosis and entrapped fecal material,



vascular congestion, and patchv hemorrhage. Chronic 
ulcers show  reparative changes, fibrosis, and inũam m a- 
tion and may exhibit a granulom atous response to the 
íecal matter.

RECTAL INVOLVEM ENT IN 
DISEASES ALSO AFFECTING  
OTHER PORTIONS OF THE 
G ASTROINTESTINAL TRACT

In addition to m ucosal prolapse syndrom.es and 
stercoral ulcer, w hich  typically affect the rectum , rec- 
tal involvem ent may also occur as part of a more 
diffuse colonic disease. Inílammatory bow el disease 
(C rohn s disease and ulcerative colitis) can present 
with localized rectal disease or with rectal involve- 
ment by mo re diffuse disease. Ischemi c bow el disease 
can involve the rectum  and may cause m ucosal ulccr- 
ation. Localized rectal ulcers can occur with the use of 
nonsteroidal anti-inílam m atory drugs, especially when  
used as a suppository. Radiation inịury to the rectum  
occurs when high closes o f radiation are used to treat 
tumors arising in the pelvis. u lceration is a com m on  
ieature of many in ĩectious processes. Those that typ- 
ically affect the rectum  inclucle syphilis and herpes 
iníections, both of w hich  are spread by direct inocu- 
laiion and cause ulceration.
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Rectum, Anatomy
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m u co sa  Suríace ep ithelia l layer. 
rectum  M ost dístal portion  o f the co lon .
TNM  stag ing  International c lassiíìcation  ana lyz in g  the extern 

o f cancer spreacl; assessm en t o f tum or, nodal, and 
m etasiatic  status.

T h e rec tu m  is  th e  d is ta l-m o s t  a sp e c t  o f  th e  large  in te s t in c ,  
lo c a te d  d is ta l to  th e  s ig m o id  c o lo n  a n d  p r o x im a l to the  
anaĩ ca n a l. T h e  w a ll  o f  th e  r ec tu m  h a s  fo u r  la y ers: m u co sa , 
su b m u c o sa , m u s c u la r is  p r o p r ia , an d  an  a d v e n tit ỉa  or  
su b s e r o sa  a n d  v is c e r a l  p e r ito n e u m  (p r e s e n t  an tcr io r iy  
a lo n g  th e  p r o x im a l p o r t io n  o í  th e  r ec tu m  at th e  p er ito n ea l  
r e ílc c t io n ) . T h e  rec tu in  is  e n t ir e ly  l in e d  b y  g la n d u la r  m u- 
co sa  that is  id e n t ic a l  to  th a t o f  th e  c o lo n . A lth o u g h  th ese  
b a s ic  c h a r a c te r is t ic s  arc u n iv e r sa lly  a c c e p te d , m o re  pre- 
c is e  d e í in i l io n s  o f  th c  lo c a t io n , e x te r n , a n d  b o u n d a r ie s  o f  
th e  h u m a n  r ec tu m  are s u r p r is in g ly  c o n tr o v e r s ia l.  Re- 
c e n t ly , in c r e a se d  in te r e s t  in  rec ta l a n a to m y  h a s  p ro v o k ed  
a great d ea l o f  d e b a te ; c o n s e n s u s  h a s  b e e n  so u g h t for  
s ta n d a id iz a tio n  o f  su r g ic a l te c h n iq u e s  for r ec ta l r e se c t io n  
and for data  c o m p a r is o n s  a m o n g  c lin ic a l  s t u d ie s  o f  recta l  
d ise a se .

CLINICAL IM PO R TA NCE OF 
RECTAL ANATO M Y

A precise anatom ic defin ition  o f the rectum  is clinicaỉly  
im portant for at least three reasons. A precise anatom ic 
deíìn ition  ( 1 ) id en tifies the bounclary b etw een  the rec- 
tum  and the anal canal, w h ich  d eterm in es the appro- 
priate staging System  (i.e ., colorectal vs. anal canal) for 
cancers of this region; ( 2 ) d elineates the lym ph nodes  
that are in clu d ed  in  the regional lym phatic drainage and 
are assignecl to the N category, versus those that are 
nonregional and assigned to the M category in  the TNM  
staging System o f the A m erican Joint C om m ittee on  
Cancer (AJCC) and the U n ion  Internationale Contre 
le Cancer (ƯICC); and (3 ) describes the h istologic  
layers o f the v iscus, vvhich are d irectly  relevant to the 
pathologic evaluation  of surgical resection  specim ens 
and to analysis o f circum ferential (nonperitonealized , 
radial) m argins.

PRACTICAL ASPECTS OF 
RECTAL ANATOM Y

The origin o f the rectum is m arked by several distinctive 
structural íeatures. At the p oint o f  transition from sig- 
m oid colon  10 rectum > the tenia coli o f the sigm oid  fuse 
to íbrm ihc continuous circum íerential layer of the rec- 
laỉ m uscularis propria, and ihe ep ip ỉoic appendages dis- 
appear. It also is at the point of origin o f the rectUTĩì that 
the free peritoneal tnesentery o f the sigm oid  co lon  ter- 
m inates and the m esorectum  begins. The m esorectum , a 
suhperitoneal layer o f íìbroadipose tissue containing all 
of the nerves, bỉoocl vessels, and regionaì lym ph nodes, 
is enveloped by a ĩascia propria. The m esorectum  sur- 
rounds the rectum for m ost o f its length, ending at the 
level o f the pelvic íloor a few centim eters proxim al lo the 
terraination o f the recium  and the bcginning of the anal 
canal. The m esorectal collar is asym m etric, w ith  the 
hulk o f ihr m esorerial son tissue ly ing posterior to 
the rcctum. Anteriorly, ihe areolar plane that lies exter- 
nal to the m esorectum  con d en ses and the fascia propria 
of the m esorectum  m erges w ith the relrovesical fascia 
(in the male) or the retrovaginal septum  (in the íem ale). 
Laterally, the m erged fascias appear as discrete liga- 
m ents, oíten called the lateral ligam ents of the rectura.

The point o f  term ination o f the rectum , w idely rec- 
ognized bv surgeons as a palpable landm ark, is called  
the anorectal ring. This represents the site of merger of 
the m uscles that íorm  the levator ani (pubococcygeus, 
ileococcygeus, and puborectalis) w ith  the m uscle o f the 
superior aspect o f the anal sphincter. D espite these gen- 
erally accepted anatom ic d eíin iú on s o f  the origin and 
terminatiơn o f the rcctum, the boundaries o f the rectum  
arc more com m only dcíined by the m ore clin ically  con- 
venient m easurem ents from ih e anal verge. Given the 
vvicỉe anatomic variation am ong individual patients of 
different sexes and body habitus, it is not surprising that 
d e f in it io n s  based on m easurem ents have not concurred.

CONTROVERSIES IN D E FIN IN G  
RECTAL ANATOMY

ỉn Guiílclincs f o r  C o lo n  a nd  Recta ỉ C an cer  S u rg e r ỵ , a 
surgical consensus statcm ent published  in 2 0 0 1 , the



rectum  was deíìned  as being 12  em or less from the anal 
verge by rigid proctoscopv. but the distal rectal margin 
(at the point o f transition to the anal canal) was not 
defined. This definition o f the proximal rectal border 
was considered justifìabìe on a biologic rather than 
a n a to m ic  b a s is , b e c a u se  c lin ic a l o b ser v a tio n s  in d ica te  
thai the patterns of recurrence of tumors above 1 2  cm  
are m ore consistent with colonic cancers than rectal 
cancers. The m ultidisciplinarv Colorectal Comm on  
Data Elem ents Task Force sponsorcd by the National 
Institutes o f Health and the National Cancer Institute 
deíìned  the rectum  as beginning 1 2  cm above the peri- 
anal skin as measured endoscopicallv, but the distal 
boundary was deíìned as 2  cm abovc the clistal-most 
aspect of the dentate line. Both of ihese dcRnitions em- 
phasized m easurem ent [rom the anal verge, the point of 
transition from the hair-bearing perianal epiderm is to 
the squam ous m ucosa of ihe anal canal, to iclentiíy the 
origin o f the rectum. M easuremeni í rom the anal verge is 
itself inherently im precise clue to the considerable 
anatom ic variation of this landmark.

Clinically, a precise deíìnition o í the border between 
the distal rectum  and the proximal anal canal is essential 
because adenocarcinom as C)f thesc adịacem  regions are 
staged differently. Speciíieally, in the TNM staging 
system  for colorectal canccr oí ihe AJCC and U1CC, 
the T category of colorectal cancer is defined hy the 
degrce of extension  through the walL and the N category 
o f colorectal cancers is deíìneđ hv the number of in- 
volved nodes. In contrast, the T caiegory (i.e., TI and 
T2) of anal canal cancer is dcíìned by tumor size, and the 
N category is deíìned by thc location of involved nodes. 
D espite the im portance o f dcRning anatom ic location  
for proper staging of distal rectaì versus anal canal can- 
cers, the staging literature has been riíe with coníusing  
statem ents. The fìfth eclition of ihe AJCC staging man- 
ual, on  w hich  TNM staging vvas based from 1998 until 
Ịanuary 2003, offered two contradictory descriptions 
of the rectum. On the one hand, it defined the recium  
as the distal 1 0  cm  of large intestine as m easured from  
the anal verge w ith a sigm oidoscope, but it also stated 
thát the rectum  is approximatelv 1 2 cm in length, 
m aking no allow ance for the anal canal.

The revised definition of thc rectum offered in the 
sixth  edition of the AJCC staging manuaỉ alỉovvs for 
m ore anatom ic variation but is still in conílict vvith 
o th e r  c u r r e n t ly  p u b lish e d  c le íìn itio n s In th e  s ix th  ed i-  
tion o f the m anual, the origin of the rectum is described  
as being variably located írora 12 to ] 5 cm írom the 
dentate line. The deRnition contrasts vvith that from 
the G uide lines  f o r  Coỉoĩĩ and Rcctal C anccr Siỉỉgcry  
and the Coỉorectaì C om m on Data E lcm cnts , in vvhich

the origin o f the rectum  is defined as 1 2  cm  or less  
from the anal verge or the perianal skin, respectively. 
Thus, con sensu s is still lacking, and for the purposes  
o f data com parison , these conflicting defin itions are 
problem atic.

By any o f  these d efin itions, the border betw een the 
rectum  and anal canal is not a clear-cut anatom ic land- 
mark on  visual in spection . In practice, how ever, phy- 
sicians may ignore this controversial issue altogether 
and tend to regard the readily identifiable dentate line 
as the anorectal border. If it is  accepted that the border 
b etw een  the anal canal and rectum  is ledge o f  the 
anorectal ring, the m ost proxim al aspect of the anal 
canal is lined  by rectal-type glandular m ucosa. At the 
dentate line, a narrow zon e o f transitional m ucosa sim - 
ilar to urothelium  also m ay be present. This proxim al 
zon e o f  the anal canal (i.e ., from the top o f the panao- 
rectal ring to the dentate lin e, includ ing the transitional 
zon e) m easures approxim ately 1—2 cm. Thus, the ter- 
m ination  o f the rectum  is actually located 1 — 2  cm  above 
the dentate lin e, and tum ors w ith  an epicenter located  
up to 2  cm  above the dentate line are siaged as anal canal 
cancers, not rectal cancers.

C O N C L U SIO N

The rectum  b egin s at the point o f fusion o f the tenia 
co li and the term ination  o f the m esosigm oid  at the ter- 
m ination  o f the sigm oid  co lon . It ends where the anal 
canal begins, about 1 —2 cm  above the dentate lin e. The 
length  of the rectum , m easured b etw een  these two land- 
m arks, varies am ong individuals o f different sex  and 
b ody habitus.
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cognitive behavioral therapy T h er a p e u tic  a p p r o a c h  o f  
a d d in g  lo  b e h a v io r a l in te r v e n iio n s  (e .g .,  re la x a t io n  a n d  
b eh a v io r  m a n a g e m e n t te c h n iq u e s )  s tr a te g ie s  su c h  as 
c o g n it iv e  res tru c tu r in g ; for e x a m p le , a th e ra p ist  m ay  
eva lu a te  a p a iie n t ’5 c o g n it iv e  in te r p r e ta t io n  o f  b o d ily  
se n s a lio n s  an d  te a c h  h o w  c o g n it io n  im p a c ts  a ffe c iiv e  
e x p e r ie n c e  a n d  b e h a v io r . 

functional abdominal pain Most c o m m o n  c a u se  o f  recu r-  
ren t a b d o m in a l p a in  in  c h ild r e n  (u n k n o v v n  e t io lo g y );  
n o  sp e c iíìc  s tru c tu ra l, in íe c t io u s , in íla m m a to r y , or  
b io c h e m ic a l ca u se  for the a b đ o m in a l p a in  ca n  b e  
d e ierm in ed .

recurrent abdominal pain C o m m o n  term in  the p ed ia tr ic  
literature; re íers to  p a r o x y sm a l a b d o m in a l p a in  that 
p ersists  for grca ter  th a n  3 m o n th s ’ d u ra tio n  a n d  a ííe c ts  
n orm al activ ity . 

visceral h y p e r s e n s it iv ity  In crea sed  v isc era l p e r c e p iio n ;  
p ẹrccivecl a s p a in .

Recurrent ahdominal pain (RAP), a com m on term in the 
pediatric literature, reíers to paroxysm al abdom inal pain 
in childrcn that persists for longer than 3 m onths and 
affects nornial activity. RAP has been reported to occur 
in 10 —15% ofchildrenbetw een  the ages o f 4 and 16 years. 
At least as many children experience chronic pain, 
but maintain normal activity and rarely com e to the at- 
tention of the physician. Recurrent abdom inal pain is not 
a singular diagnosis. The differential diagnosis o f RAP 
includes organic pain (anatomical, infectious, inílamma- 
tory, and biochem ical causes), psychogenic pain, and 
íunctional abdom inal pain. Aỉthough no incidence data 
are availabỉe, clinical experience suggests that by far, the 
m ost common cause o f  RAP is íunctional abdom inal pain. 
The modiBer “fun ctionar is used in  gastroenterology if no 
speciíìc structural, in íectious, inílammatory, or biochem- 
ical cause for the abdom inal pain can be determined. 
Yet, in clinical practice, functional abdom inal pain 
should not be a diagnosis o f exclusion. Primary-care 
physicians should be able to make a primary diagnosis 
of íunctional abdom inal pain without resorting to a large 
battery of biochem ical or X-ray tests. M anagement o f func- 
tional pain is facilitated by early diagnosis, parental ed- 
ucation and reassurance, and clear delineation of goals of 
therapy. The major oulcom e variable in management of 
ỉunctional abdominal pain in children is liĩestyle, not cưre 
of the pain.

D IA G N O SIS OF FU N C T IO N A L  
ABDO M INAL PAIN

O ne reason w hy primary-care physicians ha ve diííìcuỉty  
m aking a positive d iagnosis o f a ĩunctional abdom inal 
pain is that there is rarely a clear distinction between  
acute and chronic abdom inal pain. Primary caregivers 
m ust oíten  deal w ith thc evolution  o f pain from the 
initial acute presentation to a chronic or recurring prob- 
lem . A stepw ise series o f d iagnostic studies is often ini- 
tiated during early stages o f  the pain vvhen an organic 
etio logy  is considered to be more likely. Empiric therapy 
w ith  nonopioid  analgesic m edications, antispasm otic/ 
anticholinergic agents, and gastric acid-reducingagents  
may be tried beíore tim e criteria for RAP are met. Parents 
tend to becom e m ore írustrated and anxious, particu- 
larly if they perceive a serious disorder is being m issed, 
or if the physician im plies that the primary íactors that 
in ílu en ce the perception o f pain are cognitive and em o- 
tional. Parental im certainty only increases the stressíul 
environm ent, w hich  p rovokes or reiníbrces the pain 
behavior. Thus, the con cept of functional abdom inal 
pain m ust be introduced into the differential diagnosis 
of abdom inal pain in children before the 3-m onth time 
criteria for duration o f  pain are met.

T he key variables that point toward a íunctional di- 
agnosis are a norm al physical exam , other than abdo- 
m inal pressure tenderness, and absence of signs and 
sym ptom s that, despite evidence-based veriíìcation, are 
generally accepted to be alarm signals for an organic dis- 
order. N one of the fo llow in g criteria has b een sh o w n  to 
discrim inate betw een  organic, ĩunctional, or psychoso- 
m atic disorders: frequency o f p a in ,  ch a ra cter  o íp a in , loca- 
tion o f  pain, pain aw akening patient at night, associated  
gastrointestinal (GI) sym ptom s (including anorexia, 
nausea, ep isodic vom iting, increased gas, or altered 
b ow el pattern), or associated  extraintestinal sym ptom s 
(inclu d in g  ỉatigue, headache, and arthralgia). Even with 
a norm al physical exam , further diagnostic testing is 
deíìn itely indicated in the presence of the follow ing  
alarm signals: involuntary w eight loss, growth retarda- 
tion, signiíìcant vom iting, signiíìcant diarrhea, GI blood  
loss, associated fever, arthritis, rash, sym ptom s of a psy- 
chiatric disorder, or íam ily history of inílam matory



bow el disease. Alarm signals in  the physical exam ination  
include evidence oflinear growth deceleration, localized  
tenderness in  the right upper or low er quadrants, local- 
ized fu llnessorm asseffect,hepatom egaly ,sp lenom egaly , 
backorcosto-vertebralangle (CVA) tenderness,perianal 
fissure, íìstula, soiling, and guaiac-positive stools.

D iagnostic testing is indicated w hen alarm signals or 
abnormal physical findings suggest a h igh possibility of 
organic disorder. D iagnostic testing may be considered  
to reassure the parent, patient, or physician  w hen the 
m ost likely diagnosis is functional pain. The physician  
may also need to do testing to rule out organic disease 
in the patient w hen pain continues to severely affect 
lifestyle despite a íunctional diagnosis. Establishing  
a w orking d iagnosis o í íunctional pain and initiating  
conservative therapy before time criteria are achieved  
do not preclude an ongoing íocused  diagnostic workup. 
A lthough there are no evidence-based data, clinical ex- 
perience suggests that subclassiíying paitì presentations  
may íacilitate choice o f testing by narrow ingzdifferential 
diagnosis. Children w ith abdom inal pain may be 
subclassiRed by one o f three clinical presentations: 
( 1 ) abdom inal pain associated w ith sym plom s o f upper 
abdom inal distress, (2 ) abdom inal pain associated  
w ith altered bow el pattern, and (3) isolated paroxysm al 
abdom inal pain. The írequent occurrence o f upper and 
low er bow el sym ptom s in the sam e patient is not un- 
com m on. Funcũonal abdom inal pain should be pres- 
ented as the m ost com m on cause o f all three clinical 
presentations. Synonym s o f íunctional pain that may 
be useíu l for individualizing diagnosis in a given patient 
are ỉunctional dyspepsia for pain w ith  upper abdom inal 
sym ptom s, and irritable bow el syndrom e for pain asso- 
ciated with altered bowel pattern. A bdom inal m igraine is 
a variant o f isolated íunctional abdom inal pain. D iagnos- 
tic criteria include three or more ep isodes o f intense, 
acute m idline pain during a 3-m onth  period lasting sev- 
eral hours to days w ith  intervening sym ptom -free inter- 
vals lasting w eeks to m onths. Two o f the follow ing  
features are required for diagnosis: (a) headache during  
episodes, (b) photophobia during ep isodes, (c) associ- 
ated classical unilateral m igraine headaches, w hich  may 
or m ay n o tb e assoeiated w ith abdom inal pain, (d) ĩam ily  
history o f m igraine, and (e) visual, sensory, or m otor aura 
antedating acute pain.

DIFFERENTIAL D IA G N O SIS OF 
SUBCATEGORIES OF ABDOM INAL PAIN

Abdominal Pain Associated with Symptoms 
of Upper Abdominal Distress

Sym ptom s o f uppcr abdom inal distress include pain 
or d iscom íorl localized in the upper abdom en, ancỉ pain

related to eating, nausea, ep isod ic vom iting, bloating, 
early satiety, and occasional heartburn and oral regur- 
gitation. Table 1 lists the differential d iagnosis o f abdom - 
inal pain associated w ith sym ptom s of upper abdom inal 
distress. Alarm signals such as anorexia, vom iting, 
w eight loss, and evidence o f GI bleeding (hem atem esis, 
m elena, occult b leeding) suggest an upper GI inílam - 
m atory, in íectious, structural, or b iochem ical disorder. 
F ocused  laboratory evaluation should  be períorm ed in 
any patient w ith  historical or physical alarm signals, 
in clu d ing  com plete b lood count w ith  differential, eryth- 
rocyte sedim entation  rate (ESR), H eỉicobacter  pỵ lor i  
serology and/or stool antigen, hepatic panel, and pan- 
creatic enzym e m easurem ent. In cases in w hich  recur- 
rent vom iting is a signiíicant part o f the history, an upper 
GI series with sm all bowel follow -through and abdom - 
inal ullrasound should  be considered to rule out gastric 
outlet disorder, m alrotation, partial sm all bow eì obs- 
truction, sm all bow el C rohn’s disease, gallstones, 
pseudocyst, hydronephrosis secondary to ureteropelvic 
ju n ction  (ƯPJ) obstruction, and retroperitoneal mass. 
Gastroesophageal reflux disease should  be suspected  
w hen heartburn or oral regurgitation o f sour or bitter 
gastric contents is prorninent parts of the history. Biliary 
pain is typically episodic, severe, constant pain in ihe 
right upper quadrant or epigastrium  that persists for 
2 0  m inutes to 2  hours, usually triggered by eating. In 
relapsing pancreatitis, recurrent scverc epigastric 
pain persistent for days and m ay radiate to the back. 
Recurrent epigastric or right upper quadrant pain asso- 
ciated w ith  tender hepatom egaly suggests chron ic hep- 
atitis. C ontinuous pain, especially  in the con text of

TABLE I Major Differential D iagnosis o f Recurrent 
Abdominal Pain Associated with Symptoms of 
ưpper Abdominal Distress

F unctional dyspepsia
G astroesophageal reflux disease
D rug-associated  GI d isorder (NSAID, iron , antib iotic)
H eỉicobacter pỵlori gastritis
Pcptic u lcer
G astroparesis
E osin oph ilic  gastroenteritis  
C r o h n s disease
O bstructive d isorders (c .g ., m alrotation, 

partial sm all bow el ob sư u ctio n )
Biliary tract d isease (ch o led och o lith iasis , 

ch ron ic ch o lecystitis , biliary dysk in esia )
H ydronephrosis
C hronic hepatitis, sc lerosin g  ch olan gitis  
R clapsing pancreatitis/pancreatic p seu d ocyst 
Parasitic in íection  
C eliac disease



m ultisystem  com plaints, is an alarm signal for possible 
psvchiatric disease. Eating disorder should  also be 
considered  in any you ng patient w ith signlíicant 
w eight loss.

In the absence of peptic ulcer disease, the relationship  
between H. pỵỉori infection and abdom inal pain remains 
unclear. Although there are no eviđence-baseđ data 
to establish a clear link H. pỵỉori  gastritis alone, and 
abdom inal pain associated w ith sym ptom s o f upper 
abdom inaỉ distress, m ost gastroenterologists w ill treat a 
sym ptom atic child vvho has been idenlified as H. pylori  
positive. The rationale is that H. pylori  may act as a phys- 
ical trigger o f  íunctional dyspepsia in selected patients. 
Some clinicians have concluded that the m ost cost- 
effective approach is to test serologically for H. pylori  and 
to treat all iníected cases. However, many investigators 
have pointed out that com m ercially available serological 
assays do not appear to have ihe necessary sensitivity or 
speciíìcity to screen pediatric patient populations. 
Em pừical treatment o f  H. pyìor i should  only be consi- 
dcred in patients with elevated im m unoglobulin  G (IgG) 
antibody, and is not recom m ended for patients with  
positive IgM or IgA antibody. Ít is not unreasonable to 
avoidantibody testingcom pletely,andconsidertreatm ent 
only in  patients with endoscopically provcd iníection.

Upper en doscopy sh ould  be considered  in untreated  
patients w ith aỉarm signals, in patients w ho fail to re- 
spond to tim e-lim ited antisecretory therapy, and in pa- 
tients in w hom  sym ptom s recur aíter the end of 
trea tm en t. U p p e r en d o sco p y  is the  g o ld  S tandard  to 
rule out inílam m atory disorders in (he uppcr GI tract 
and to establish a fìrm diagnosis o f íunctional dyspepsia. 
Recognizable obịective íìndings by gross end oscop ic  
exam ination include superíìcial erosions, ulcer, stric- 
ture, antral nodularity associated w ith H. p y lor i  gastritis, 
gastric rugal hypertrophy associated w ith  M enetrier’s 
and cytom egalovirus (CM V) gastriLis, and the sm all 
heaped-up, volcanic-like m ounds, pocked  w ith a Central 
crater, associated w ith chronic varioliíorm  gastritis. Ob- 
jective h isto logic findings may help  to d iagnosc reílux 
esophagiris, eosinophilic gastroenteritis, CMV gastritis,
H. pyỉor i  gastritis, C roh n sd isease , and celiac disease. In 
the absence o f gross ulcer or h isto log ic evidence o f H. 
p y lo r i , superficial antral gastritis or dưodenitis are of 
questionable clinical sign iíìcance, and sh ould  not dis- 
suade a d ìagnosis of íu ncùon al abdom inal pain. There is 
no evidence in children that nonspecific superficial 
antral gastritis or duoden itis progresses to peptic 
ulcer. Evaluation of gastric em ptying by scintigraphy  
to rule out gastroparesis, and gallbladder ĩưnction  as- 
sessm ent by hepatobiliary scan w ith ejection  ừ action , to 
rule out chronic cholecystitis and biliary dyskinesia, 
sh ould  be considered only aíter ưpper en doscopy and

consultation  by a pediatric gastroenterologist. Endo- 
scop ic retrograde cholangiopancreatography is indi- 
cated oniy if there is b iochem ical or radiological 
evidcnce o f  recurrent pancreatitis, or b iliary-type ab- 
dom inal pain fo llow in g  cholecystcctom y.

Abdominal Pain Associated with Symptoms 
of Altered Bowel Pattern

A ltered bowel pattern may include change in fre- 
quency and/or con sistency  o f stoo ls (diarrhea or con- 
stipation), pain relief w ith  deiecatiơn, straining or 
urgency, feeỉing o f in com plete evacuation, passage of 
m ucus, or a íeeling o f b loating or abdom inal d istension. 
Table II lists the differential d iagnosis o f abdom inal 
pain associated w ith sym ptom s o f altered bow el pattern. 
In patients w ith  diarrhea, íocused  laboratory evaluation  
should  include com plete b lood count w ith diííerential, 
erythrocyte sedim entation  rate, stoo l for ovum  para- 
sites, and stool for C lo s tr id ỉu m  dif fic ile  toxin. Lactose 
intoleranee should  be considered  as a potential primary 
etio logy o f chronic abdom inal pain in the presence of 
diarrhea. A trial o f a lactose-free diet or períorm ance o f a 
lactose breath hydrogen test is  prudent in children  with  
pain associated w ith loose bow eis, bloating, and in- 
creased ílatulence. Alarm signals in clu d ing  evidence  
of GI bleeding, tenesm us, pain or diarrhea repeatedly  
w akening the patient from a sound sleep , involuntary  
w eight loss, linear grow th deceleration, exiraintestinal 
sym ptom s (fever, rash, jo in t pain, recurrent aphthous 
ulcers), positive family history o f inílaram alory bowel 
disease, iron d eíiciency anem ia, and elevaied  ESR are 
indications to pursue a d iagnosis o f in ílam m atory bow el 
disease by co lon oscop ỵ  and upper gastrointestinal 
(UGI) study w ith sm all bow el follow -through. Diarrhea 
associated w ith encopresis suggests chronic fecal reten- 
tion and m egacolon. At present, although there are no 
evidence-based đatá, serological testing íor celiac dis- 
ease sh ou ld  be considered  in patients w ith pain and 
altered bow el pattern. Serological testing should

TABLE II Major Differential Diagnosis of Recurrent 
Abdominal Pain Associated with Altered Bowel Pattern

lrritable b ow el syn d rom e
C hronic in íec tio n  (parasitic, C ìostrid ium  d iffic iỉe )
In ílam m atory b ow el d isease  (C roh n ’s d isease, u lcerative co litis , 

m icroscop ic  co litis , e .g ., lym ph ocytic  co litis , eos in o p h iìic  
co litis , co lla g en o u s co litis )

Lactose in to lerance  
Pecal reten tion /m egaco lon  
D rug-associated  GI clisorder



defìnitely be performed in  all patients w ith iron defì- 
ciency anem ia or secondary amenorrhea. Chronic wa- 
tery diarrhea is also an índication to pursue co lonoscopy  
to rule out m icroscopic inílainm ation, w hich  may alter 
colonic m otility and absorptive function. The large vol- 
um e of diarrhea (4 0 0 —1200 g/day) d istingu ishes pa- 
tients w ith m icroscopic lym phocytic, collagenous, or 
eosinophilic co liú s from those w ith irritable bow el, 
for w hom  stool w eight in excess o f 3 0 0 g /d a y  is rare.

The accuracy of colonoscopy in diagnosing inflam- 
matory conditions of the colon  is superior to barium  
enem a because o f the direct visualization o f the m ucosal 
suríace and the ability to obtain biopsy and culture spec- 
im ens. lntubation of the terminal ileum  can also aid in the 
diagnosis of Crohn’s disease. Recognizable objective find- 
ings by gross exam ination with a ílexible endoscope in- 
clude edem a, erosions, ulceration, pseudom em branes 
(discrete yellow  plaques on the colonic m ucosa), and 
polyps. Subjective gross endoscopic íìndings, including  
erythema, increased vascularity, and spontaneous íriabil- 
ity, becom e m eaningíul only in the context o f histology, 
because they are subject to more interobserver variation 
in interpretation. Objecúve histologic íìndings include
( 1 ) cryptitis, crypt abscesses, and crypt distortion w úh  
branching and drop out, suggesting ulceraúve colitis or 
C roh ns disease, (2) noncaseating granuloma speciíìc for 
Crohn’s disease, (3) íìbrosis and histiocyte proliíera- 
tion in the subm ucosa, suggesting Crohn’s disease, and 
(4) epithelial and intraepithelial lym phocytes or eosino- 
phils, w ith or w ithout subepithelial collagen thickening  
in lym phocytic colitis, eosinophilic colitis, and collage- 
nous colitis, respectively. The lattershould be considered  
speciíic íĩndings only in patients with profuse diarrhea. 
Mild superíìcial increases in interstitial lym phocytes or 
eosinophils in the absence o f crypt distortion or signiíi- 
cant diarrhea are nonspecific, and should not dissuade the 
physician from m aking a positive diagnosis of irritable 
bowel syndrom e.

Isolated Paroxysmal Recurrent Abdominal Pain

Table III lists the major differential of recurrent 
paroxysmal periumbilical abdominal pain in children. li 
is important to try to see the patient during an attack, 
because it is írequently the only opportunity to assess 
alarm signals. The Carnett test may help to determine 
whether pain is arising from the abdominal wall or has 
ati intraabđominal origin. The site oím axim um  tenderness 
is found through palpation. The patient is then asked to 
cross arms and assume a partial sitting position (crunch), 
w hich results in tension of the abdominal vvall. If there is 
greater tenderness on repeat palpation in this position, 
abdominal wall disorders (such as cutaneous nerve entrap- 
m ent syndromes, abdominal wall hernia, myotascial pain

TABLE III Major Differential Diagnosis of Isolated 
Recurrent Abdominal Pain

F unctional abdom inal pain  
A bdom inal m igraine
Interm ittent in testina l obstruction  (C rohn’s disease, 

m alrotaúon  w /w o  vo lvu lu s, ín tu ssu scep iio n  w ith lead 
p oìn t, postsurgical ad h esion s, sm all b ow el lym phom a, 
eo s in o p h ilic  gastroenteritis, an gioedem a)

U n recogn ízed  constipation  
A ppendiceal colic
D ysm enorrhea (en dom etriosis , ec lo p ic  pregnancy, 

ad h esion s from p elv ic  inflam m atory d isease)
C ysúc teralom a o f  ovary
M usculoskeleta l d isorders (m u scle  pain , linea alba 

hernia, d iscitis)
Vascular disorders (m esentcrtic  throm bosis, polyarieritis 

n od osa)
A cute in term illen t porphyria

syndromes, rectus sheath hematoma, or costochondriús) 
should be suspected. Discitis, which is really an osteomy- 
elitis o f the vertebral end plate, may present as a combi- 
nation of back and abdominal pain, The condition is 
usually associated w ilh intermittent íever, elevated periph- 
eral white blood cell count, and elevaled crylhrocyte sed- 
imentation rate. Unrecognized constipation should be 
suspected if a lefi lower quadrant or suprapubic íullness 
or mass effect is appreciated on abdominal exara, and 
rectal exarn reveals evidence of firm slool in ihe rectal 
vault, or soft stool in a dilated rectal vaull with evidence 
of perianal soiling. Oíten, a history of constipation or 
encopresis is unknown to the parent. Parasitic iníections, 
particularly Giardìa ỉamblía, Bỉastocystis hominis , and 
Dicntamocba fragilis,  may present with chronic pain in 
children in the absence of altered bowel paltern. Alarm 
signals, including pain repeatedly awakening the patiem  
ữom  a sound sleep, anorexia, involuntary weight loss, 
linear growth deceleration, evidence of GI bleeding, and 
extraintestinal sym ptom s (fever, rash, joint pain), are also 
indications to evaluate for C rohns disease, or rare dis- 
01'ders such as polyarteritis nodosa, intestinal ischemia, 
eosinophilic gastroenteritis, and  angioneuroúc edem a, 
which can be indistmguishable from C rohns disease on 
clinical grounds. Suspicion of polyarteritis nodosa rests on 
evidence of extrainiestinal disease, particularly renal in- 
volvement. Mesenteric vein obstruction should be consid- 
ered in adolescents using oral contraceptives. Clinically, it 
can present gradually with Progressive abdominal pain 
o v er  a p e r io d  o f  w e ek s . P n e u m a to s is  is u sually  a late 
íĩnding. The clinical presentation of eosínophilic gastro- 
enieritis depends on the depth of the infiltration by the 
eosinophilic process. Submucosal disease can become 
manifest with abdominal pain and signs of obstruction.



Any region of the GI tract can be involved. Angioneurotic 
edema can be heralded by recurrent episodes of pain in the 
absence of cutaneous or oropharyngeal ederaa. Family 
history is usually positive for allergy. Recurrent fever asso- 
ciaied w iih  generalized abdom inal pain and peritoneal 
signs suggests the possibility of íamilial Mediterranean 
fever. Appendiceal colic is a controversial cause of chronic 
abdominal pain. Appenciiceal spasm  has been postulated  
to be caused by inspissated casts o f fecal material within  
the appendix. A number o f anecdotal surgical reports have 
described com pléte resolution of pain syinptom s following  
elective appendectom y. Appendiceal colic should be 
suspected in patients with recurrent acute episođes of 
well-localized abdominal pain and tenderness, most com - 
m only in the right lower quadrant, demonstrated on 
several exam inations. Dull, m idline, or generalized  
lower abdominal pain at the onset o f a menstrual period 
suggests dysmenorrhea. The pain may coincide w ith the 
start of bleeding or may precede the bleeding by several 
hours. Gynecological disorders associated with secondary  
dysmenorrhea include endom etriosis, partially obstructed  
genital duplications, ectopic pregnancy, and adhesions 
following pelvic inflammatory disease. Cystic teratoma 
has been described in prepubertal patients presen- 
ting with right or left lower quadrant pain. The vast 
mạịority of such patients have a palpable abdominal 
mass. Benign ovarian cysts in adolescent íemales do not 
cause recurrent abdominal pain. Acute intermittent 
porphyria (A1P) is a rare disorder characterized by the 
temporal association of paroxysmal abdoininal pain and 
a wide variety of Central nervous system  sym ptoms, 
including headache, dizziness, weakness, syncope, con- 
íusion, m em ory loss, hallucinations, seizures, and tran- 
sient blindness. AIP is often precipitated by low  intake 
oí carbohydrate or by speciíic drugs such as barbiturates 
or sulíonamides.

Laboratory evaluation m ight include com plete  
blood count (CBC) w ith  differential and ESR to screen  
for occult system ic inflam m atory condition . The 
decision  to do stoo l ova and parasite exam s is d ependent  
on  the in cid en ce o f  G. lam blia ,  B. hom in is ,  and 
D ie n la m o e b a /ragiỉis Nvithin the com m unity. The m ost 
valuable d iagnostic test in a patient w ith  sym ptom s sug- 
gesting obstruction  is an upper GI series and sm all 
bow el follow -through (SBFT). Rare con d ition s such  
as lym phom a, angioneurotic edem a, m esenteric vein  
throm bosis w ith  ischem ia, eosin op h ilic  gastroenteritis, 
and pseudo-obstruction  w ill also be suggested  by the 
UG1 series. A bdom inal u ltrasound and abdom inal com - 
puted tom ography (CT) scans have low  d iagnostic yield  
for picking up appenciiceal abnorm alities w ith  recurrent 
right low er abdom inal pain. C olon oscop y  and ileoscop y  
should be períorm ed to rule out Crohn's d isease in

such  patients if b lood  work or ƯGI—SBFT suggest the 
possib ility  o f inílam m atory disease. E lective laparos- 
copy w ith planned appendectom y sh ould  be considered  
in patients w ith chronic right low er quadrant pain and 
negative in ĩectious, inílam m atory, and anatom ical eval- 
uation. Head CT scan to rule out intracranial space- 
occup yin g  lesions sh ould  be considered  in patients 
w ith recurrent abdom inal pain and headache.

In the absence o f  historical or phvsical alarm signals, 
the diagnosis o f functional abdom inal pain sh ould  be 
introduced into the differential d iagnosis of abdom inal 
pain persisting a m onth  beyond the usual course of an 
acute disease (e.g., gastroenteritis, urinary tract infec- 
ù on). Parents should  be told that a d iagnosis o f func- 
tional pain can be m ade if  duration o f pain goes on  to 
exceed  3 m onths. It is ìm portant to provide a brief ex- 
planation o f visceral hypersensitivity and altered m otil- 
ity, the concept of stress íactors, and natural history. 
Parents sh ould  also be told early on that íunctional pain  
is clifficu.lt to eradicate, and som e con tinu in g  pain w ill 
o íten  have to be accepted by the patient.

TREATMENT OF FUNCTIONAL  
ABDOMINAL PAIN

M anagem ent of íu nciỉon al abdom inal pain begins  
w ith  a p ositive d iagnosis and an explanation  o f sus- 
pected pathophysiology, natural h istory, and goals o f  
therapy. Speciíic treatm ents includc d ieta iy  m odiíìca- 
tion, drug therapy, and p sych ological support. Hospita- 
lization  is rareỉy indicated for patients w ith  íunctional 
abdom inal pain.

Positive Diagnosis

Positive d iagnosis is based on  norm al physical ex- 
am ination and absence of alarm signals in the history, as 
previously  described.

Explanation of Suspected Pathophysiology 
and Natural History

The exact etiology and pathogenesis o f íunctional 
abdom inal pain in children are unknovvn. There is gen- 
eral agreem ent that functional pain is genuine. The 
prevailing view point is that the pathogenesis o f the 
pain in volves visceral hypersensitivity and altered con- 
scious awareness o f gastrointestinal sensory input, w ith  
or w ithout disordered gastrointestinal m otility. Painful 
sensations m ay be provoked by physio log ic phenom ena  
or concurrent physical and p sych ological stressful life 
events. E xam ples o f physio log ic phenom ena that may  
trigger pain  in clu d e postprandial gastric or intestinal



distension , gastric em ptying, intestinal contractions 
of the m igrating m otor com p lex , intestinal gas, or 
gastroesophageal reílux. Intralum inal physical stress 
íactors that may trigger pain include aerophagia, sim ple 
constipation, lactose in tolerance, m inor noxious  
irritants such as spicy foods, H. pỵ ỉo r i  gastritis, celiac  
disease, or drug therapy. System ic physical or psy- 
chological stress factors may also provoke or rein- 
force the pain behavior by altering the conscious  
threshold of GI sensory input in  the Central nervous 
system . Acute or chronic physical illness may unm ask  
íunctional pain. Psychological stress factors may in- 
clude death or separation o f a signiíìcant íam ily  
m em ber, physical illness or chronic handicap in parents 
or sibling, school problem s, altered peer relationships, 
íam ily íinancial problem s, or recent geographical 
relocation.

It is not clear w hether the different clinical presen- 
tations o f íunctional abdom inal pain result from a het- 
erogeneous group o f disorders, or represent variable 
expressions o f the same clisorder. The frequent occur- 
rence o f upper and lower bow el sym ptom s in the same 
patient suggests that the latter scenario may indeed be 
the case. There appears to be a genetic vulnerability  
because of the high írequency o f íunctional disorders 
in  íam ily m em bers. The fact that m ost children “out- 
grow ” pain sym ptom s also suggests that variation of 
neuroendocrine developm ent may also be a factor in  
the pathophysiology. In som e patients, associated  
sym ptom s, including headache, d izziness, m otion  
sickness, pallor, temperature intolerance, and nausea, 
suggest a generalized d ysĩunction  o f the autonom ic  
nervous system . Sex, in telligence, and personality traits 
do n ot distinguish  patients w ith  íunctional pain from  
those w ith  organic pain. The m ajority o f patients are of 
average intelligence. The generalization that patients 
w ith íunctional abdom inal pain are superintellects, per- 
ĩection ists, over-achievers, bad social m ixers, or con- 
stant worriers is w ithout íoundation. H ow evei\ there 
are som e data suggesting that the incidence o f íunctional 
gastrointestinal disorders may be higher in  palients with  
m ental d iagnoses, such as attention-deíìcit disorder/ 
hyperactivity, anxiety, depression, school phobia, post- 
traumatic stress, bipolar disorder, autism, and eating  
disorders.

The m orbidity associated w ith  functional abdom inal 
pain is rarely physical, but results from interíerence in  
norm al school attendance and períorm ance, peer rela- 
tionships, participation in organizations and sports, and 
personal and family activities. Only 1 in 10 children  
with íunctional abdom inal pain attend school regularly, 
and absenteeism  is greater than 1 day in 1 0 —28% of

patients. A com m on m isconception  is that pain is the 
direct cause o f the m orbidity. In fact, focus on sym ptom  
relie ỉ by parents, school, and physicians rein íorces the 
pain behavior w ith attention at the tim e o f pain, rest 
periods during pain, tactile stim ulation and m edication  
to alleviate pain sym ptom s, and absence from  sch oo l on  
days o f pain. This approach fails to reinforce nonpain  
responses, such as norm al activity. A lthough pain d oes  
not originate from its consequences, on go in g  pain  
behavior is often accounted for and m odiíìed  by its 
consequences.

Goals of Therapy

The focus of treatment is not “cure” o f pain, but 
rather m anagem ent o f sym ptom s and adaptation to 
illness. Goals o f treatment include regular sch oo l 
attendance, school períbrmance to the chilcTs ability, 
participation in desired extracurricular activities, 
norm al w eight gain and growth, and norm al slcep  
pattern.

Dietary Modiíìcation

The role o f dietary m odifications in  the m anagem ent 
o f íu nctionalp ain d isord ers is not establishecỉ. Postpran- 
dial sym ptom s in functional dyspepsia m ay be im proved  
by eating low-fat m eals or by in gesdng m ore ừ equent 
but sm aller m eals throughout ihe day. H igh-íìber diet 
is recom m ended for both diarrhea-predom inant and  
constipation-predom inant irritable b ow el and isolated  
functional pain. The goal for fiber intake in  gram s is 
calculated by adding the patient’s age + 5 . E xcessive  
fiber in  the diet m ay result in  increased gas and disten- 
sion , actually provoking pain. M alabsorption o f dietary 
carbohydrates may act as provocative stim uli in  func- 
tional abdom inal pain. M ost often, the patient d oes not 
perceive a tem poral association b etw een  in gestion  o f a 
particular sugar and the abdom inal pain. A voidance of 
excessive intake o f m ilk products (lactose), carbonated  
beverages (íructose), dietary starches (corn, potatoes, 
wheat, oats), or sorbitol-containing products (vehicle  
for oral m edication, sugar substitute in gum  and candy, 
ingredient in toothpaste, and a plasticizer in gelatin  
capsules) is not unreasonable. C onỉorm ation  o f lactose 
intolerance by a lactose breath hydrogen  test should  be 
considered before recom m ending prolonged  lactase en- 
zym e replacem ent therapy or com m ercial m ilk  products 
that have been pretreated with lactase enzym e. Exces- 
sive gas in patients w ith irritable bow el syndrom e (IBS) 
can be managed by advising the patient to eat slow ly, to 
avoid chew ing gum , and to avoid excessive intake of



carbonated beverages, legum es, foods o f the cabbagc 
fam ily, and íoods or beverages sw eetened  w ith  
aspartame.

Drug Therapy

There are no evidence-based data on  the effects of 
pharm acological therapy in  pediatric patients w ith  
íunctional abdom inal pain. A ntispasm odic agents, in- 
clud ing hyoscỵam ine, d icyclom ine, glycopyrrolate, 
pepperm int o il, and calcium -channel b lockers, are com - 
m only uscd in  clinical practicc to treat visceral abdom - 
inal pain, althoưgh efficacy is unproved. Tim e-lim ited  
( 8  vveeks) em pirical m edical therapy w ith  a h istam ine - 2  

(H 2) blocker or proton pum p inhibitor (PPI) is an ac- 
ceptable d iagnostic test o f self-lim iting upper GI inílam - 
m ation in patients w ith  abdom inal pain and sym ptom s 
o f dyspepsia. II possib le, it is prudent to stop non- 
steroidal antiinílam m atory drugs (N SA lD s), iron prep- 
arations, and antib iotics su ch  as erythrom ycin or 
tetracyclincs in  a patient com plain ing o f upper abdom - 
inal discom íbrt. After a firm diagnosis o f íunctional dys- 
pepsia is established by upper endoscopy, it is not 
unreasonable to con tinu e acid inhibition  therapy in pa- 
tients who in itially responded to shot-term  em piric 
treatment, hut had recurrence of pain sym ptom s w ith  
attem pts at stcp-dow n therapy. Short-term  step-up to a 
PP1 may be tried in patients w ho previously did noi 
respond to an H2 blocker. In adults, sucralĩate, a 
drug that stim ulates m ucosal prostaglandin syn- 
thesis and release o f cytok ines and has cytoprotective  
properties, has been reported to be superior to placebo  
and H2 blocker in alleviating sym ptom s of dyspepsia. 
Prokinetic therapy has also been  reported in adults to 
provide superior sym ptom  im provem ent com pared to 
placebo, especially  in  patients w ith  dysm otility-like dys- 
pepsia in w hich  the predom inant coraplaint is an un- 
pleasant d iscom íort in  the upper abdom en characterized  
by upper abdom inal íu lln ess, nausea, early satiety, or 
bloating. Al present, m etoclopram ide is the on ly  option  
for treating pediatric patients. M etoclopram ide has a 
sign ificantside-effectprofìle, in clu d in gd row sm ess,d ys-  
tonic reactions, and increased prolactin levels. As stated  
previously, although H. py lor i  eradication therapy is not 
establỉshed to be effective in adults w ith  íunctional dys- 
pepsia, the available data clearly do not rule out the 
possibiỉitv. Thus, m ost pediatric gastroenterologists  
still recom m end treating docu m ented  H. py lor ỉ  in  
conjunction with en d oscop ic-estab lish ed  íunctional 
dyspepsia.

There are also no evidence-based data on the effects 
of pharm acological therapy in pediatric patients w ith

irritable bow el syndrom e. Synthetic op io id s su ch  as 
loperam ide and diphenoxylate are effective in  treating  
IBS-associated diarrhea. Loperamide is preíeưed over di- 
phenoxylate because it does not traverse the blood—brain 
barrier. N onstim ulating laxatives su ch  as polyethylene  
glycol so lu tion , m ineral oil, m ilk  of m agnesia, and 
lactulose are effective adjuncts in treating constipa- 
tion-predom inant IBS.

A lthough íormal random ized p lacebo-controlled  
trials are lacking, there has been a recent surge in 
using antidepressant and psychotropic agents to treat 
both  diarrhea-predom inant IBS and íunctional dyspep- 
sia in adults. A necdotally, this class o f drugs appears to 
be effective in adults with or w ithout psychiatric abnor- 
m alities, especially low -dose tricyclic antidepressants. 
These drugs may act as “Central analgesics” to raise per- 
ception  threshoỉd for abdom inal pain to or dow n-reg- 
ulate pain receptors in the intestine. There are as yet no  
data on  treatm ent o f pediatric patients. For adults, there 
has been  a recent surge in the d evelopm ent o f novel 
drugs for IBS, including 5-hydroxytryptam ine isotype
3 (5-H T 3) receptor antagonists, 5-hydroxytryptam ine  
isotype 4 (5-H T4) receptor agonists, and K-opioid  
agonists, aim ed at restoring norm al visceral sensation. 
SigniAcant beneficial effect o f the 5-HT3 antagonist 
alosetron has been reported in diarrhea-predom inant 
adult w om en  with IBS. Significant beneíìcial effect of 
the 5-H T4 agonist tegaserocl has been reported in con- 
stipation-predom inant adult w om en  w ith  IBS. N one of 
these drugs has been  stud ied  in  children.

Psychological Support

The first goal is  to identiíy , clariíy, and possibly  
reverse psychological stress íactors that m ay have an 
im portant role in  onset, severity , exacerbations, or m ain- 
tenance o f  pain. Equally im portant is  to reverse envi- 
ronm ental reiníorcem ent o f the pain behavior. Parents 
and school m ust be engaged to support the ch ild  rather 
than the pain. Regular sch oo l attendance is essential 
regardless of the continucd  presence o f pain. In m any  
cases, it is  h elp ỉu l for the physician to com m unicate  
clirectly to sch oo l officials to explain  the nature o f the 
problem . School officials m ust be enccmraged to be re- 
sponsive to the pain behavior but not to let it disrupt 
attendance, class activity, or períorm ance expectations. 
W ithin the íam ily, less social attention should  be 
directed toward the sym ptom s. C onsultation w ith  a 
child psychiatrist or p sych ologist m ay be indicated  
w hen there is concern about m aladaptive family coping  
m echanism s, or if attem pts at environm ental m odiíìca- 
tion do not result in return to a norm alized liíestyle.



Many patients and parents are unable or u nw illing  to 
report em otional states or acknowledge a relationship  
betw een  psychogenic stresses and pain sym ptom s. It is 
best to lim it d iscussion  of psychological issues to what 
the patient and familv can accept and let the phvsician / 
patient/íam ilv relationship evolve bv continu ing to lis- 
ten actively, provide em pathy, and educate about po- 
tential benefit o f relaxation techniques and cop ing  
strategies. Referral for psychological treatm ent can be 
proposed as part o f a m ultispecialty treatment package 
to help the patient manage the pain sym ptom s better. It 
is  critical that the psychologist or psychiatrist initially  
íocus on illness behavior and expand psychotherapeutic  
treatm ents as indicated only as the patient or parents 
begin  to see ihe beneíìts o f reíerral.

Cognitive behavioral therapies add strategies such as 
cognitive restructuring to behaviơral interventions such  
as teaching relaxation and behavior m anagement tech- 
niques. For exam ple, a therapist would evaluate a 
patients cognitive interpretation of bodily sensations 
and teach how  cognition impacts affective experience  
and behavior. The perception that abdominal pain is a 
sign o í im pending physical disease must be countered, 
both to address ỉunctional disability and to reassure the 
íam ily that a functional diagnosis is credibie. Attribution  
styles can also be exam ined for distortions. Patients are 
taught to treat their belieỉs as hypotheses to be tested, 
rather than accept their beliefs as inherently valid. Cog- 
nitive behavioral interventions targetingchildrcns com - 
petence in social roles may bc a ưseỉul adjunct to other  
medical treatment in reducing illness behavior. In addi- 
tion, parents are trained to behaviorally reiníbrce appro- 
priate coping behavior. Evidence-based data sh ow  that 
cognitive behavioral treatment helps to reduce pain and 
improve íunetioning. Cognitive behavioral treatm ent has 
been compạred to Standard pcdiatric care, and both  
groups demonstrate reductions in pain at 3 m onths; 
however, those receiving cognitive behavioral treatment 
are m ore likely to be pain free al 6 -m onth (55 .6  vs. 
23.8%) and 12-m onth follow up (58.8 vs. 36.8%) evalu- 
ations. These íìndings are verv encouraging, although  
replication bv different investigators is still needed.

Hospitalization

During hospitalization. 50% of patients experience  
rclieĩ o f sym ptom s. Hovvever, no data have b een  pres- 
ented that the natural historv of the pain is affected. 
Hospitalization does not enhance the fundaiTìental 
goals o f environm ental m odiíìcation. More com m onlv , 
it w ill reiníorce pain behavior.

PROGNOSIS OF RECƯRRENT 
FUNCTIONAL ABDOMINAL PAIN 
IN CHILDREN

Therc are no prospective studies of the outcom e of any of 
the various presentations of functional abdominal pain. 
Once íunctional abdominal pain is diagnosed, subsequent 
folỉowup rarely identiíìes an occult organic disorder. Inter- 
estingly, pain resolves completely in 3 0 —50% of patients 
by 2—6 weeks aíter diagnosis. This high incidence of early 
resolutìon suggests that child and parent accept reassurance 
that the pain is not organic and that environmental mod- 
iíìcation is effective treatment. Nevertheless, more long- 
tenri studies suggest that 30 —50% of children with func- 
tional abdominal pain in childhood experience pain as 
adults, although in  70% of such individuals, the pain 
does not limit normal activity. Of patients with íunctional 
abdominal pain, 30% develop other chronic cọmplaints as 
adults, including headaches, backaches, and meiistrual 
irregularities. Based on a small number of patients, Apley 
and Hale have described several íactors that adversely in- 
íluence prognosis for a lasting resolution of pain symptoms 
during childhood, including maỉe sex, age of onset less than 
6  years, strong history of a “painíul íamily,’’ and greater than
6  months elapsed time from onset of pain symptoms to 
estabiished hinctional diagnosis.
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Rotavirus
R o b e r t  D. S h a w
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h e m a g g lư tin in  T h e v ira l p r o te in  that b in d s  to  ery th ro cy tes. 
J ennerian  R egard in g  v a c c in e s , the u se o f  natu ra lly  a ttenuated  

b u t a n tig e n ica lly  s im ila r  an im al strains as h u m a n  vacc in es , 
as J en n er  u se d  c o w p o x  v iru s to pro tect aga in st sm alỉp ox . 

p o sitiv e  and negative  stra n d s T h e c o d in g  se q u e n c e  and  the  
c o m p le m e n ta r y  a n tis e n se  se q u e n c e , re sp e c tiv e ly .

RNA p o ly m era se  T h e v ira l e n z y m e  n e e d e d  to  rep lica te  
the d o u b le -s tr a n d e d  R N A  viral g e n o m e  in  the m am m a- 
lia n  h o st.

In 1972, a virus was íừst implicated as a cause oí human 
gastroenteritis. Rotaviruses arc novv identiíìed as the lead- 
ing cause o f severe dehydrating gastroenteritis in iníants 
and children.

CLASSIHCATION

The rotavirus genus is conlained  w ithin the íamily 
Reoviridac.  V iral particles are 1020 Ả in diam eter and 
consỉst o t tw o  protein  capsids s u r r o u n d in g  a C entral 
protein  core that contains the genom e. Ten 
m onocistron ic segm ents and one bicistronic genom ic  
segm ent iorm the double-stranded RNA genom e. Rota- 
virus appears in  electron  m icroscopy as a sharply cle- 
íìned  rim to  w h ich  sp ok es radiate from a ỉargc Central 
hub, thus su ggestin g  the nam e from the Latin ro ía , 
m eaning vvheel.

HOST RANGE AND  
VIRƯS PROPAGATION

Animal strains rarely infect hum ans, although hum an  
isolates that probably are derived from feline, canine, 
bovine, or porcine rotaviruses have been described. The 
potential o f anim al reservoirs as a source of genetic  
diversity for the evo lu tion  o f new  hum an strains is 
unknow n.

GENETICS
The double-stranded RNA genes distribute by size into  
four classes that produce a characteristic pattern when  
separated bv polvacrvlam ide gel electrophorcsis. The

RNA itself is not in ỉectious; rotaviruses contain  an 
en d ogen ou s R N A-dependent RNA polym erase that 
transcribes the gene segm enls inlo mRNA. Transcripts 
are fu ll-length  p ositive strands from w hich negative- 
strand syn th esis occurs follow ing the ỉorm ation of 
replicase particles in the cytoplasm .

G enes 5, 7, 8 , 10, and 11 code for nonstructural 
p roteins knovvn as N S P 1 -5 , but íim ctional roles are 
in com p letely  understood . Genes 1—4, 6 , and 9 code  
for structural proteins V P1—4, 6 , and 7, respectively. 
VP4 and VP7 are the two suríace proteins o f the 
virion  and VP6  is the major constituent o f the second  
protein  layer.

SEROLOGIC RELATIONSHIPS

VP6  bears m ost o f the com m on group antigens. Group A 
rotaviruses cau.se m ost hum an disease. The glycoprotein  
VP7 is the viral tinin, an im porlant determ inant o í vir- 
u len ce, and VP4 is the cell attachm ent protein. VP7 and 
V P4 are used  in  the serologic classiíìcation o f rotavir- 
uses. The VP7 serotype is đassiR ed as a G (glycoprotein) 
type and the VP4 type as a p (protease) type. Fourteen  
G types and 20 p types have been d istinguished, many 
in hum ans. H ow ever, the relationship o f serotype to 
p rotective im m u n ity  is not entirely clear. For instance, 
im m u n oglob u lin  A (IgA) anti-VP6  may m ediate intra- 
cellu lar viral neutralization and particles containing  
on ly  VP2 and VP6  have induced protective im m unity  
in  anim als.

EPIDEMIOLOGY

Group A rotaviruses are the principal cause o f severe 
gastroenteritis in in íants and young children, account- 
ing for on e-th ird  o f  all diarrheal ep isodes requiring hos- 
p italization  in ch ildren  under the age o f 2  years. In 
develop in g  cou n tries, the annual toll includes roughly  
18 m illion  cases o f  severe diarrhea and nearly a m illion  
deaths. Iníants in the fìrst 2 to 3 m onths o f life are 
relatively p rotected  from severe disease, probably be- 
cause o f residual m aternal transplacental antibodies. 
Rotavirus in íec tio n s  occur beyond 3 years of age and



into adult life but are typically m ild or asym ptom atic. 
Human illness occurs in the cooler m onths in  developed  
countries, peaking in January and February. This sea- 
sonality does not occur in tropical clim ates w here ro- 
tavirus infections occur throughout the year.

Rotaviruses are transmitted by the fecal—oral route. 
Rapid appearance of antibodies to rotaviruses is noted  
by 3 years of age in  all areas of the world regardless o f  
hygiene. Asỵm ptom atic in íection  occurs írequently in  
newborn nurseries and day-care centers. The virus is 
quite stable on environm ental suríaces for prolonged  
periods. These íactors com plicate the con troi o f hospital 
outbreaks.

CLINICAL FEATURES OF IN FECTIO N

The incubation period is 2 4 —72 h. M alnutrition may 
increase the severity o f the sym ptom s. Diarrhea, vom - 
iling, and íever are usually noted. Sym ptom s related to 
severe volum e depletion  such as lethargy, irritability, 
coníưsion, and eventually vascular collapse and death  
can be seen.

PATHOLOGY A N D  HISTOPATHOLOGY

Villus blunting and vacuolation o f colum nar intestinal 
epithelial cells occur w ithin  hours aíter in íection . Dis- 
tended endoplasm ic reticulum , m itochondrial sw elling, 
and denuded m icrovilli are also seen together w ith  
m ononuclear cell inỉìltration of the lam ina propria. 
Viral particles may be seen  w ith in  colum nar epithelial 
cells, goblet cells, phagocytic cells, and M cells. ln tes-  
tinal m orphology returns to normal in approxim ately
7 days.

Diarrhea is not clearly related to h isto lo g ic  
dam age. NSP4 m ay have tox in -lik e effects that 
induced  diarrhea in  m ice by stim ulation  o f ch lor id e  
secretion . W ater absorption  is im paired, but is  
am eliorated by g lu co se—salt so lu tion s. A bnorm al 
m otility  m ay con trib ute to vom iting and diarrhea. 
Carbohydrate m alabsorption  and secondary o sm o tic

diarrhea m ay occur. An integrated v iew  of pathogen-  
esis o f diarrhea has n ot yet b een  achieved.

IM M UNE RESPONSE

The im m une response to in íection  includes serum  and 
m ucosai antibodies that are thought to be im portant in 
thepreventionofsubsequentinfections. C ytotoxicT cells  
have been  identiíìed in the in lestinal m ucosa. The rapid 
resoiution of acute infection occurs beíore the im m une  
response is fully developed, so som e of the ỉactors 
responsible for resolution o f the illness appear to be 
unrelated to acquired T- and B-cell im m unity.

TREATM ENT A N D  PREVENTION

Effective treatment o f rotavirus diarrhea is accom - 
plished  w iih  oral rehydration w ith glucose and electro- 
lyte solutions. Logistical and educalional difficulties 
lim it this treatment in  underdeveloped areas. Vaccina- 
tion strategics have utilized the host range restrictions of  
anirnal rotaviruses in a “Ịennerian” approach to disease 
prevention. Uníortunately, increased rates o f intussus- 
ception im m ediately after vaccination caused with- 
drawal of the only com m ercially marketed attenuated  
rotavirus vaccine.

See Also the Following Articles
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Roux Stasis Syndrome
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d e n e r v a tio n  C u lú n g  o f  a nerve. 
v a g o to m y  Di Vision o f  the v a gu s nerve.

The Roux stasis syndrome is a m otility disorder of the 
residual stomach and proximal jejunum  following partial 
gastric resection and Roux-en-Y gastrojejunostomy. Char- 
acterized by abdominal pain, epigastric íullness, nausea, 
and vom iting of food (rather than bile), the syndrome 
develops in up to 30% of patients with Roux-en-Y gastro- 
jejunostom y. Careỉul history and diagxiostic imaging dist- 
inguish these postgastrectom y complaints from those of 
efferent loop obstruction, bile reílux gastritis, or mechan- 
ical obstruction.

ALTERATIONS IN ANATOM Y  
A ND PHYSIOLOGY

The Roux-en-Y reconstruction following partial gastric 
reseclion is named for the Finnish surgeon Cesar Roux. 
Duodenaỉ and proximal jejunal secretions join  the fecal 
stream through a jejunojejunoslom y made at least 40 cm  
distal to the gastrojejunostomy. The iatrogenic denerva- 
tion abnormaliti.es o f both the stomach and Roux limb may 
contribute to developm ent of the syndrome.

Vagotom y is often done w ith  gastric resection  to 
avoicỉ com plications of ulceration at the anastom osis, 
but may impair gastric com pliance, gastric em ptying, 
and jejunal contractions. D uodenal pacing of proxim al 
jejunal contractions is interrupted by the creation of 
the Roux lim b, resulting in fewer depolarizations in 
the lim b, w ith resultant stasis. Ectopic pacem akers 
in  the limb propagate in  both directions, com pounding  
the m otility disorder. Phase III contractions, w hich  
norm ally are intense m otor im pulses thought to be help- 
ful in clearing indigestible material from the lum en of  
the jejunum» are not as effective or as regular in  the Roưx 
lim b as in the nonoperated jejunum .

TRHATMENT OF THE 
ROUX STASIS SYNDROME

Endoscopy, barium studies, and scintigraphic m easure 
of gastric em ptying are used to exclude m echanical

P IG Ư R E  1 R ou x-en -Y  reconstruction  after resection  o f a por- 
tion  o f  the stom ach  is rcvised such  that on ly  a sm all portion  of 
p roxim al stom ach  rem ains. The jẹjunal R oux lim b betw een  the 
tw o a n astom oses is  sh orten cd  such  that it is less than 40 cm  long.

obstruction. The treatm ent of choicc is resection of all 
but a srtiall p ortion  o f  the gastric cardia and creation o f a 
new  gastrojejunostom y. At the time o f revision, the Roux  
lim b is m easured and shortened if longer than 40  cm  
(Fig. 1). To m ake the Roux limb shorter than this pre- 
d isposes to reílux o f  bile and pancreatic secreũons.

M ore than 80% of patients gain  weight after the 
revisional procedure; failures are likely due to sustained  
and irreversible abnorm alities o f the Roux limb pacing  
and m echanical clearing m echanism s.

See Also the Following Articles 
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Rumination Syndrome
R ic h a r d  M c C a l l u m  a n d J h n n i f h r  G r a f f  
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pathognomonic C h aracter istic  or in d ic a tiv e  o f  a d isea se;  
d e n o ú n g  e s p e c ia lly  o n e  or m ore ly p ica l sy m p to m s ,  
H ndings, or pattern  of a b n o r m a lilie s  sp e c iB c  for a g iv e n  
d ise a se  an d  n o t foun d  ìn  an y  o th e r  c o n d itio n .

Rumination syndrome is characterized by the regurgita- 
tion o f undigested food and liquids, usually within  
15 m inutes aíter eating. Once the regurgitant reaches 
the m outh, the person can consciously choose to reswal- 
low or expel it. Rumination syndrome is believed to be 
psychological in origin, which is supported by the absence 
of organic disease and the link seen betw een  a traumatic or 
stressĩu l “triggering event” and the onset of sym ptom s.

IN T R O D U C TIO N

H istorically, rum ination syndrom e, the spontaneous re- 
gurgitation of undigested  food and liquids shortlv after 
ingestion , has not been associaied w ith nausea, abdom - 
inal pain, heartburn, or nocturnal sym ptom s; however, 
more recent studies have found that these sym ptom s 
may be present to varying degrees in this syndrom e. Due 
to lack o f íam iliarity w ith the disease, physicians often  
confuse rum ination syndrom e with gastroparesis, gas- 
troesophageal reílux d isease, functional esophageal m o- 
tility disturbances, and eating disorders. Rum ination  
syndrom e can be diagnosed solely  b y  taking a careful 
clin ical history, though perform ing a 4-hour gastric 
em ptying test to rule out gastroparesis is appropriate. 
A lthough rum ination syndrom e has no cure, relaxaúon  
therapy is thought to be the most. effective form of treat- 
m ent at this time.

EPIDEM IOLOGY

Rum ination syndrom e can affect both sexes at any age. 
Researchers disagree about vvhether it ís more prevalent 
in men or vvomen or if it is seen equally in both. Though  
rum ination syndrom e occurs in children and adults of 
normal in telligence, it has been w idely studied am ong  
in ían ls and people w ith  m ental retardation. In lact, it 
has been estim ated that 6 —1 0 % o f m entally challenged  
persons in  institutions rum inate. The prevaience of  
the syndrom e am ong peop le o f norm al intelligence is 
cỉifficult to estim ate because these patients often do 
noi seek  niedical attention or are m isdiagnosed due 
to physician unawareness o f the disorder.

D IA G N O SIS

The d iagnostic criteria for rum ination syndrom e 
are based on evaluation of the patient for the follow- 
ing sym ptom s, w hich  occurred for al least 1 2  vveeks, 
not necessarily consecutive, in the preceding 1 2  

m onths:

1. Persìstent or recurrent regurgitation of recently in- 
gcsted food into the m outh w ith subsequent re- 
m astication and resw allow ing or expulsion.

2. Absence o f nausea and vom iling.
3. C essation o f the process w hen the regurgitated ma- 

terial b ecom es acidic.
4. Absence o f  pathologic gastroesophageal rellux, acha- 

lasia, or olher m otility disorder with a recogniied  
pathologic basis as the primary disorder.



The key to d iagnosing rum ination syndrom e is to 
look for ihe characteristic regurgitation o f  food and liq- 
uids w ithin  15 m inutes of eating and the absence o f any  
organic disease. The ability to regurgitate water w ithin  
m inutes o f drinking is alm ost p athognom onic. Thoưgh  
the ab o v e  c r i te r ia  S tate o th e rw is e ,  nausea can b e  a n  as- 
sociated sym ptom . Hovvever, this feeling is usually brieí 
or com es as-a “w ave” before the regurgitation. Patients do 
not awake w ith nausea or rem ain chronically  nauseated  
betw een regurgitation events. A dditional sym ptom s  
may include abdom inal pain (typically in the epigas- 
trium ), bỉoating, íatigue, dehydration, heartburn, 
belching, and w eight gain or loss (though m any rurni- 
nators m aintain a stable w eight). The abdom inal pain  
may actually represent the effects o f retching or vom iting  
on the rectus abdom inus m usele. R um ination syndrom e  
is clistinguished írom gastroparesis by the fact that pa- 
tients w iih  gastroparesis bring up food that is hours or 
days old, whereas rum ination syndrom e patients bring  
up com pletely  undigested food w ithin  m inutes. In ad- 
d ition, patients w ith  gastroparesis sh ou ld  have a delayed  
gastric em ptying test (G ET), w hereas rum ination  
syndrom c patients should  have a norm al GET. A full
4-hour GET m ust be em ployed  to obtain a reliable read- 
ing. Rum ination syndrom e is differentiatecl from gastro- 
esophageal reílux disease (GERD) by the absence of 
nocturnal sym ptom s írequently seen  in GERĐ. Purther- 
m ore, paticnts w ith rum ination syndrom e may d iscon-  
tinue rum inating once the stom ach  con ten ts becom e  
acidic, whereas GERD patienis may experience acidic  
reflux for hours. In addition, during the actualpostpran-  
dial events, ru m ination patientsdo  n otcxp erien ceh eart-  
burn because the acidic con ten ts o f the stom ach are w ell 
buffered by accom panying foods and liquids.

PATHOPHYSIOLOGY

The physiological m echanism  underlying rum ination in 
anim als is centered on reverse peristalsis o f the esopb- 
agus. Because hum ans are incapable o f this activity, 
three theories have been proposed to exp lain  the rum i- 
nation phenom ena in hum ans. The fìrst theory states 
that rum ination is due to the sim ultaneous increase in 
abdom inal pressure and relaxation o f the low er esoph- 
ageal sphincter. This theory has been  supported by 
upper gastrointestinal m anom etry stud ies that sh ow  a 
characteristic m anom etry pattern link ing rum ination  
events w ith  sim ultaneous pressure w aves caused  by 
an increase in intraabdom inal pressurc. The second  
theory sim ilarly describes a relaxation o f  the low er  
esophageal sphincter, but states that it is a voluntary

action. The third theorv attributes the m echanism  of 
rum inating as an adaptation o f  the belch  reflex.

TREATM ENT

Though rum ination syndrom e has no cure, various 
treatm ent therapies ex ist that may provide substantial 
relieí. The m ost com m only  recom m ended treatm ent is 
relaxation therapy. Patients should  attend several ses- 
s io n s  w ith  a c l in ic a l  p s y c h o lo g is t  to  le a rn  e ffec tiv e  re - 
laxation techniques. This involves thinking about a 
relaxing topic or im age, diaphragm aiic breathing and 
m editation, or m aintaining a “p seu doh ypn otic” con- 
centration State for the m inutes im m ediately follow ing  
eating or drinkíng. O nce the patient learns these tech- 
niques, he or she m ust practice them  independently, 
oítentim es aíter every m eal to control con sciously  the 
urge to regurgitate. Other therapies include psycholog- 
ical therapy, behavioral therapy, b ioĩeedback therapy, 
and a change o f diet. T hese treatm ents, especially  when  
com bỉned  w ith relaxation therapy, may provide signif- 
icant relief. A lthough the rum ination events may n ot be 
com p letely  eradicated, they may be reduced to occur- 
ring only occasionally , or on ly during certain stressíul 
situations. Finally, education o f the patient, family, 
íriends, and school or work personnel is kcy. Associates 
sh ou ld  be in íorm ed that rum ination is a ureflex” or habit 
ihat is being addressed. They can be reassured that the 
patient is not pregnant, does not have a m alignancy, or 
an undiagnosed  disease.
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Salivary Glands, Anatomy and Histology
A r t h u r  R. H a n d

U n iv e r s ity  o f  C o n n e c tic u t H ea lth  C en ter, ĩa n n in g to n

a c in i S e cre to ry  e n d -p ie c e s  that h av e  an  a p p ro x im a te ly  
sp h er ic a l sh ap e. 

demilunes C r e sc e n t-sh a p e d  g r o u p s  o f  se r o u s  se cre to ry  c e lls  
at th e  e n d s  o f  rn u cou s e n d -p ie c e s .  

e x c r e to r y  ducts L argest d u c ts  in  sa liv a ry  g la n d s r u n n in g  in  
the  in te r lo b u la r  c o n n e c ũ v e  t is su e  an d  c o n v e y in g  sa liva  
to  th e  m o u th .

in te r c a la te d  d u c ts  Sm all d u c ts  in  sa livary  g la n d s  c o n n e c t in g  
the secretory cells to larger striated ducts. 

intercellular canaiiculi Finger-like projectíons of the end- 
piece lumen extending between adịaceru secreiory cells. 

lu m e n  C en tra l sp a ce  o f  an e n d -p ie c e  in to  w h ic h  sa liv a  is 
se cre ted ; c o n t in u o u s  w ith  the  lu m in a  o f  the  d u c t sy stem . 

mucous c e ỉ l s  Salivary g la n d  se c r e to r y  c e lls  that p r o d u c e  a 
v is c o u s  sa liva  c o n la in in g  h ig h ly  g ly c o sy la te d  m u c in s .  

m y o e p ith e l ia l  c e l ls  C o n tra c tile  c e lls  w ith  b r a n c h in g  pro-  
cesses surrounding end-pieces; their contractions íorce 
sa liv a  fro m  the e n d -p ìe c e s  in to  ih e  d u c ts . 

s e r o u s  c e l l s  S alivary g ỉa n d  se c r e to r y  c e lis  thai p r o d u c e  a 

watery saliva rich in proteins vvith enzymatic or 
a n tim ic r o b ia l íu n c tio n s .  

striated ducts Intralobular salivary ducts with a striated 
a p p e a r a n c e  d u e to m em b ra n e  in ío ld in g s  an d  a lig n ed  
m iio c h o n d r ia ;  a ctiv e  in  e le c tr o ly te  se c r e t io n  an d  ab sorp -  
tio n .

The salivary glands are a collection o f three paired major 
and m any m inor glands located in and around the oral 
cavity. Together they produce saliva, a w ateiy fluid that 
lubricates and protects the oral hard and soft tissues and 
íacilitates taste reception, m astication, swallowing, and 
spcech. The initial, or primary, saliva, including m ost of 
the organic eom ponents and essentially all o f the íltiid, is 
íormed by secretory cells organized into secretory end- 
pieces. The primary saliva is m odiíìed by duct cells con- 
stituting a series of convergent tubes that eventually form  
a single large excretory duct that em pties in to the oral 
cavity. Secretory end-pieces may be com posed solely of 
serous cells that produce watery saliva rich in proteins 
and glycoproteins, many of which have enzymatic, anti- 
microbial, or protective functions, or m ucous cells that 
produce a viscous saliva containing highly glycosylated  
m ucins. Serous secretory end-pieces, or acini, usually are 
spherical in shape, whereas m ucous secretory end-pieces 
typically are tubular in shape and usually are larger than

serous end-pieces. The blind ends o f m ucous end-pieces 
írequently are capped by a crescent o f serous cells, termed 
a dem ilune. Considerable variability exists in the histol- 
ogy and cellular secretory products among glands and 
species. This article íbcuses on human salivary glands 
and rodent salivary cells as the latter are used most 
oíten in studies o f salivary function.

HUMAN SALIVARY GLANDS

ln hum ans, there are three paired m ạịor salivary glands, 
located extraorally, and several hundred sm aller m inor 
salivary glands, locatecl in the lips, cheeks, tongue, pal- 
ate, íauces, and retrom olar areas. The parotid gland is 
located subcutaneously, lying over the m asseter m uscle, 
ịust in front o f the ear, w ith  a deeper portion extencỉing  
behind the ram us o f the m andible. Its duct, Stensen’s 
duct, runs anteriorly, Crossing the m asseter m uscle and 
entering the oral cavity at the parotid papilla on the 
buccal m ucosa, opposite the m axillary second  molar. 
The btood supply o f the parotid com es from branches of 
the external carotid artery and the parasym pathetic 
nerve supply is m ainly from the glossopharyngeal 
nerve (cranial nerve IX) Via the otic ganglion and the 
auriculotem poral nerve. The sym pathetic innervation  
of all o f the salivary glands is provided by postganglionic 
íìbers from the superior cervical ganglion , traveling with  
the b lood supply.

The subm andibular gland is located  in the subm an- 
dibular triangle, b elow  the m ylohyoid  m uscle, w ith its 
posterior portion wrapped around the posterior border 
of the m ylohyoid  and extending anteriorly for a short 
distance. Its duct, W h artoừ s duct, travels anteriorly  
below  the m ucosa o f the íloor o f the m outh, open ing  
at the sublingual caruncle. The b lo o d  supply o f the 
subm andibular gland com es from the facial and lingual 
arteries and the parasym pathetic nerve suppỉy is m ainly  
from the íacial nerve (cranial nerve VII), through the 
lingual nerve and subm andibular ganglion.

The sublingual gland, the sm allest o f the major 
glands, is located  in  the íloor o f the m outh, m edial to 
the m andible and ju st above the m ylohyoid  m uscle. Its



m ain duct, Bartholin’s duct, opens w ith  the duct o f  the 
subm andibular gland at the sublingual caruncle. Several 
sm aller ducts o f  the sublingual gland, the ducts of 
Rivinus, open separately along the sublingual fold in 
the íloor o f the m outh. The b lood supply o f the sublin- 
gual gland com es from the sublingual and subm ental 
arteries and the parasỵm pathetic innervation is derived  
írom the ỉacial nerve (cranial nerve VII), via the lingual 
nerve and subm andibular ganglion.

The parotid gland contains only serous secretory  
end-pieces. The intercalated ducts typically are long  
and the striated ducts are prom inent. The subm andib- 
ular gland (Fig. 1A) is a m ixed gland, w ith  both serous  
and m ucous secretory end-pieces; how ever, the serous  
end-p ieces predom inate. The m ucous end-p ieces are 
capped by serous dem ilune eells. The intercalated  
ducts also are relatively long and the striated ducts 
are prom inent. The sublingual gland (Fig. 1B) also is 
a m ixed  gland, consisting predom inantly o f m ucous  
end-p ieces and serous dem ilunes; few , if  any, serous 
end-p ieces are present. The intercalated ducts are 
short and relatively few striated ducts are present.

The m inor salivary glands consist o f sm all aggre- 
gates o f secretory encl-pieces and ducts, located in  the 
subm ucosal layer o f the oral m ucosa or betvveen m uscle  
íìbers of the tongue. The ducts Lypically open directly  
onto the oral m ucosal suríace. M ost of the m inor glands 
are m ucous and som e include a serous cell com ponent 
arranged as occasional dem ilunes. The one cxception  is 
ihe lingual serous (von Ebner’s) gland, located in  the 
posterior part o f  the tongue. V on Ebner’s  gland is a pure 
serous gland and its ducts open into the troughs sur- 
rounding the circum vallate papillae and at the rudim en- 
tary foliate papillae on the sides of the tongue.

SALIVARY G LAND HISTOLOGY  

Serous Cells

Serous cells (Figs. 1A and 2A) are pyram idal in  
shape, w ith  the basal suríace rorming an interface 
w ith  the extracellular m atrix and the apical suríace 
íorm ing a portion o f a sm all lu m en  that is continuoưs  
with the íìrst part o f  the duct system . Intercellular can- 
aliculi, sm all íìnger-like projectlons of the lum en  that 
increase the lum enal surỉace area, extend along the lat- 
eral cell suríaces tovvard the bases o f the cells. Adjacent 
cells are held together at theư  apical ends and along the 
intercellular canaliculi by junctional com p lexes consis- 
ting of a tight jun ction , an adhering jun ction , and one or 
m ore desm osom es. O ccasional gap ju n ction s also are 
present on the lateral cell suríaces. The n ucleus usually  
is spherical and is locatecl in the basal half o f  the cell.

P IG U R E  1 Light m icrographs o f  h um an  salivary glands. Scale 
bars, 20 fim. (A ) Subm andibular gland, stained  w ith  period ic acid- 
Schiff (PA S)/A lcian b lu e/h em atoxylin . Serous cells, w ith spherical 
basal n u cle i, conta in  m agenta-stain ing secretory granules. 
M ucous ce lls (M ), arranged in tubular secrctory en d -p ieces, are 
íìlỉed  vvith dark red- lo  p u rp le-sta in ing m ucin . Tvvo intercalated  
d u cts (arrovvheađs), vvith sm alì cuboidal ce lls at their jun ction  
w ith  the secretory en d -p ieces, and tw o striaied d u cts (SD ), w ith  
p ale-sta in in g  co lu m nar cc lls , are present. Basem cnt m em branes 
around  the en d -p ieces and d u cts are sta ined  w ith  PAS. Fat cell



The basal cytoplasm  is íilled w ith rough endoplasm ic  
reticulum  (RER), a w ell-d evelop ed  G olgi com p lex  lies  
apical or lateral to the n u cleu s, and the apical cytoplasm  
is íìlled w ith m em brane-bound secretory granules, ap- 
proxim ately 1 ịxm  in diam eter. The granules o f hum an  
serous cells typically exh ib it a bi- or tripartite structure, 
with an electron-dense core that m ay be eccentrically  
located in the granule and one or m ore regions of low er 
electron density con stitutin g the rem ainder o f the con- 
tent. Im m unolabeling stud ies have dem onstrated that at 
least som e secretory proteins are differentially distrib- 
uted in the granule content. M itochondria, lysosom es, 
and peroxisom es also are íound scattered throughout 
the cell. A ctin Êlaments usually are associated w ith the 
tight and adhering ju n ction s and form a w eb beneath the 
apical cell m em brane and interm ediate íìlam ents are 
associated with desm osom es as w ell as w ith  
hem idesm osom es that attach the cells to the basal lam- 
ina. M icrotubules oft.en are present in the G olgi region  
and the supranuclear cytoplasm . On stim ulation , the 
secretory granules fuse w ith  the lum enal m em brane, 
releasing their contents, w hich  are d issolved  in the 
aqueous fluid transported into the lum en by the cells.

Mucous Cells

M ucous cells (Figs. 1B and 2B) are large cells shaped  
like a truncated pyram id. The apex o f the cell has a 
larger lum enal surỉace than serous cells, but inter- 
ceỉlular canaliculi usually are not present betw een  
m ucous cells. They are jo ined  to their neighbors by 
junctional com p lexes and gap junctions. The nucleus  
is ovaỉ in shape, contains denser chrom atin than serous  
cells, and usually is located  adjacent to the basal plasm a  
membrane. The RER is present m ainly in  the basal cy- 
topĩasm and a large G olgi com p lex  is located  apical or 
lateral to the nucleus. The apical cytoplasm  contains  
m ucous secretory granules that typically are irregular 
in shape and have a pale content, w ith  som e fìne gran- 
ular or íìlam entous material. The m em branes o f the 
granules often are disruptecl and/or fused w ith those

spaces are seen  at ihe ed ges o f  the íìeld . From  H and, A. R. (1 9 8 6 ). 
“Oral H istology: Inheritance and D eve lo p m en t,” (D . V. Provena  
and w .  Seiebel, ed s.) . 2nd Ed., Lea &  Febiger. C opyright 
Lippinccm W illiam s &  W ilk in s. (B) Sublingual g land, stained  
w ith  h em atoxylin  and eosin  (H & E ). M ucous ce lls , w ith  dense  
basally located  n u cle i and p a ỉe-sta in in g  m u cin , are arranged in  
tubular en d -p ieces w ith  large lu m in a  (arrow heads). Fe\v serou s  
cells are v isib le . (C ) Subm andibu lar g land, sta ined  w ith  H& E. A 
sm all excretory duct, w ith  a large lu m en , is lin ed  by a p seu d o-  
stratiíìed ep ith e liu m  o f tall co lu m nar c e lls  and several sm all basal 
cells (arrow heads). N u m erou s sm alỉ b lood  vesse ls are present in  
the surrounding in terlobular co n n ectiv e  tissue.

F IG Ư R E  2  E lectron  m icrographs o f  rodent salivary glands. 
Scale bars, 2 .0  Ịim. (A ) Rat parotid  gland en d -p iece . Serous secre- 
tory ce lls  have a basally located  sp h erica l n u c leu s (N ), abundant 
RER, prom inent G olgi co m p lex es (G ), and e lectron -d en se  secre- 
tory granules. L, lum cn. (B) M ouse su b lin gu al gland en d -p iece. 
Several m u co u s secretory ce lls  are íìlled  w ith  e lectron -lu cent  
m u cou s granules, w h ich  com p ress the n u cle i (N ) against the 
basal ce ll m em brane. M yoep ith elia l ce ll p rocesses (arrow heads) 
are located  a lon g  the bases o f  the secretory  cells . L, lum en. 
(C ) M ou se pàrotid g lan d  striated d u ct cell. T he basal ce ll m em - 
branes o f the striated d u ct ce lls  are ex ten sively  ío ld ed  and nuraer- 
ou s e longated  m itoch on d ria  are present in ihe cytop lasm  b etw een  
the m em branes. G lycogen  d ep osits and a few  sm aìl dense lyso- 
so m es a lso  are present. N , n ucleus.



of adjacent granules. This appearance o f the m ucous  
granules is believed to be an artiíact induced by chem - 
ical íìxation, w hich results in a loss of Ca2+, disaggre- 
gation of the content, an increase in osm otic pressure, 
and an inílux of water that causes granule sw elling. 
M ucins constitute the main product o f these cells; 
few other m acrom olecules are known to be secreted  
b y  m u c o u s  ce lls  a n d  th e  ra te  o f ílu id  s e c re tio n  15 
m uch lower than for serous cells.

Myoepithelial Cells

M yoepithelial cells are contractile cells associated  
w ith the secretory end-pieces. They are branching or 
steilate-shaped cells w ith processes con taining actin and 
m yosin that embrace the secretory cells (Fig. 2B). Al- 
though their structural and íunctional characteristics 
are similar to those of sm ooth  muscle cells, m yoepithe- 
lial cells are derived from epithelium  and reside on the 
epithelial side o f the basal lamina. The m yoepithelial 
cells provide support for the secretory ce lls  and their 
contraction helps to expeỉ saliva ĩrom the end-p ieces  
into the ductal system. M yoepithelial ce lls also providc 
signals to the secretory cells thai help to m aintain cell 
polarity and the organization of ihe end-piece and they 
produce proteins with tumor suppressor activity, such  
as proteinase inhibitors and anti-angiogenesis ỉactors.

Ducts

The ductal system  consists of three m ain subdivi- 
sions. The íìrst type of duct is the intercalated duct, 
w hich  connects the secretory end-pieces to the second  
part o f the duct system , the striated duct. Intercalated  
ducts are the sm allest ducts; the cells are low  cuboidal 
(Fig. 1A) and have a relatively simple structure w ith a 
few RER cisternae, a small Golgi com plex, and, in  cells 
close to the end-pieces, a few secretoiy granules. The 
ducts draining several end-pieces typically converge to 
form a larger intercalated d u c i that connects to the stri- 
ated duct. M voepithelial cells may be located at the basal 
side of the intercalated ducts; often they have a íusiíorm  
shape and are oriented lengthvvise aỉong the duct and 
their processes extend onto the end-piece. Intercalated  
ducts are thought to participate in the íorm ation  of 
primary saliva, including the fluid com ponent as well 
as speciíìc organic products such  as ]ysozym e and lacto- 
íerrin. In som e species, intercalated duct cells have a 
relatively high m itotic ra te and it is thought that they 
m ay house a stem  cell capable of differentiation into  
other gland cell types.

Striated ducts (Figs. 1A and 2C) constitute the main 
intralobular com ponent o f the duct svstem . The duct

cells are colum nar, w ith  centrally p laced nuclei, abun- 
dant m itochondria, lysosom es, peroxisom es, and fre- 
quently som e sm all apical vesicles and/or secretory  
granules. They have only sm all am ounts o f RER but 
may have som e sm ooth  endoplasm ic reticulum  in the 
apical cytoplasm . Their m ost characteristic íeature is the 
presence of extensive in fold ings o f the basal and latcral 
plasm a m em branes that interdigitate w ith  sim ilar folds 
of neighboring cells (Fig. 2C). Elongated m itochondria  
are present in the cytoplasm ic partitions betw een the 
íolds. Striated duct cells íunction  to m odiíy  the primary 
saliva secreied  by the end-p ièces, principally by reab- 
sorption and secretion  o f electrolytes. The apical and 
basolateral m em branes contain a num ber o i  ion  chan- 
nels and transporters and N a4 ,K+ -ATPase is abundant 
in the basolateral m em brane. The duct cells also secrete 
kallikrein, w hich  is stored in the apical granules, and the 
cells are capable of en d ocytosin g íoreign proteins intro- 
duced in to the ductal lum en.

As the ducts leave the gland lobules and enter the 
interlobular con n ective tissue, they are called excretory  
ducts (Fig. 1C). These ducts typically have a pseudo- 
stratiíìed ep ithelium , w ith colum nar cells that resem ble 
the striated duct cells in m orphology and function and 
small basal cells that presum abỉy are undifferenlỉated  
cells capable o f  d ivision  and that serve to replace the 
colum nar cells. Tuft celỉs, or brush cells, w h ich  prob- 
ably have som e type o f  sensory function , and dendritic 
(antigen-presenting) cells, w hich íunction  in the im- 
m une response, also are found in  the excretory ducts. 
M ucous goblet cells also may be present. As the excre- 
tory ducts increase in  size, the ep itheliu m  m ay becom e 
stratiíìed cuboidal or stratified colum nar. Near the oral 
opening, the m ain excretory duct ữ eq u en tly  is lined by a 
stratified squam ous ep ithelium .

Connective Tissue, V essels, and Nerves

The glands are surrounded by a connective tissue 
capsule, w hich  extend s into the gland as septa, dividing  
it into lob es and lobules. Finer partitions o f  connective  
tissue surround the ducts and en d -p ieces w ithin the 
lobule. C ollagen and elastic Rbers, along w ith  glycopro- 
teins and proteoglycans typical o f other connective tis- 
sues, constitute the extracellular m atrix com ponents, 
vvhereas Rbroblasts, mast cells , plasm a cells, macro- 
phages, and dendritic cells, as w ell as occasional poly- 
m orphonuclear leukocytes and lym phocytes, constitute 
the cellular com p onents. The b lood  vessels and nerves 
that supply the secretory en d-p ieces and ducts also are 
present in  the connective tissue. The vessels and nerves 
enter at the h ilus of the glancl, branching to follow  the 
excretory ducts to the lobules. W ithin  the lobules,



the vessels break up into capillary p lexu ses around the 
striated cỉucts and en d -p ieces. The nerves, w hich  are 
unm yelinated p ostgan glion ic sym pathetic and para- 
sym pathetic axons that are en veloped  by Schwann  
eeỉls, exhibit two different types of relationships w ith  
the secretory cells. In the m ost com m on pattern, termed  
extraparenchym al, as the nerve bundle approaches a 
secretory cell, one or m ore axons exh ib it a sw elling  
or varicosity con ta in ing  a few m itochondria and a 
cluster o f neurotransm itter vesicles. The Schwann cell 
covering usually is absent at these sites, but the axon  
rem ains separated írom  the secretory cells by approxi- 
m ately 0 . 1 — 0 . 2  |im  and by the basal lam inae sur- 
rounding the nerve bundle and the secretory cell. In 
the other pattern, term ed intraparenchym al, an axon  
leaves the nerve bundle, penetrates the basal lam ina  
around the secretory cell, and m akes close contact 
(1 0 —20 nm ) w ith  the secretory cell. Both tỵpes o f  in- 
nervation are effective in stim ulating secretion. In m ost 
glands, the secretory ce lls  are innervated by both  
sym pathetie and parasym pathetic nerves. It is un- 
knovvn, hovvever, w hether every cell is contacted  by a 
nerve. Because the secretory cells are jo in ed  by gap 
junctions, it  seem s likely that the secretory stim ulus  
sprcads írom  cell to cell and that each secretory enđ- 
piece is a íunctional unit.
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Salivarỵ Glands, Physiology
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a c e ty lc h o lin e  T h e  m ạịor  n eu ro tra n sm itter  m ed ia tin g  the  
se c r e t io n  o f  sa liva , w h ic h  is in itia ted  bv th e  parasym pa- 
th e tic  n erv o u s sy stem . 

a c in u s  T h e p ro x im a l g ra p e-sh a p ed  e n d -p ie c e  in  ex o c r in e  
sa livary  g la n d s c o m p o se d  o f  se creto rv  c e lls  that p ro d u ce  
esse n ũ a lly  alỉ o f  the ílu id  a n d  ih c  m aịor  p o rtio n  o f  the  
p rotein  c o n  len  t o f  sa liva . 

m u c u s  c e lls  Salivary g lan d  c e lls  that sy n th e siz e , s to re , and  
secrete  large a m o u n ts  o f  m u c in s . 

muscarinic receptors Receptors for acetylcholine present in 
sa livary  g lan d  c e lls  that a c l to  in crease  in tracellu lar  
C a2

m y o e p ith e lia l c e l ls  C o n tra ctile  c e lls  that su rrou n d  acinar  
stru ctu res in  sa livary  g lan d s; the ir  co n tra cú o n  acce ler -  
ates the e x p u ls io n  o f  sa liva .

N a l / K l /2C1 c o tr a n sp o r te r  T h e  m ajor m em h ran e p ro te in  
m ed ia tin g  u p ta k e  o f  c \ ~  a cro ss  the sa lỉvarỵ  acinar ce ll 
baso latera l m em b ran e. 

p a ro tid  g la n d s T h e m ajor se r o u s sa livary g la n d s lo ca ted  
b ila tera lly  u n d cr ih e  ear. 

se r o u s  a cin ar c e l ls  Salivary acinar ce lls , vvhich secrete  a high  
v o lu m e  o f  w ater  a n d  e n z y m e s .  

xerostomia T h e su b jec tiv e  íe e l in g  o f  d ry n ess o f  the m o u th , 
u su a lly  a sso c ia ted  w ith  d im in ish e d  or arrested  salivary  
se cre tio n .

Normaì salivary gland íunction is cssential for providing 
lubrication during chewing and swallowing of food, for 
maintaining the hyđration of hard and soft oral tissues, 
and for protecting against mcchanical and bacterial in- 
sults. Correspondingly, salivary gland dysíunction is as- 
sociated with an increased incidence of oral disease, 
which subsequently is oíten linked to systemic disease. 
Several m illion Americans suffer from som e form of oral 
dryness (xerostom ia). Most xerostomia is a consequence 
of head and neck irradiation to treat tumors, Sjỏgren’s 
syndrome (an autoimmune disease). or drug therapy. 
Hundreds o í prescribed m edications interfere with nor- 
mal salivary gland íunction, ừequently acting at the re- 
ceptor level. In approximatelv 1 0 % of dry mouth cases, 
the underlying etiology is idiopathic. In these cases, xe- 
rostomia is likely related to a genetic defeet in either water 
and ion transporter proteins or in a k e v  s ig n a l in g  pathway. 
An initial step in the developm enl «f treatments for 
xerostomia requires an appreciation of salivary gland 
physiology.

INTRODUCTION

The secretion of saliva involves the coorđinated acti- 
vation of a diverse array of glandular structures, each  
of w hich  delivers its own exocrine and fluid secretory  
constituents into the oral cavity. Three ttm ajor” pairs of 
salivary glands (parolid, subm andibular, and sublin- 
gual) are linked to the oral ca vi ty through relatively  
long excretory ducts. In addition, localized  just under 
the oral epithelium  are num erous sm aller “m inor” 
glands, named according to their analom ical locations  
(i.e ., labial, lingual, palatal, buccal, and m inor sublin- 
gual). This article will focus on  h ighlighting the current 
ưndersianding o f regulatory p rocesses m edialing secre- 
tion of íluid and exocrine products from these various 
glands. The focus will m ainly be on  results from hum an  
and rodcnts, as the latter are the current major animal 
m odels in use.

VARIATIONS AMONG GLANDS IN 
INNERVATION AND THE 
RELATIONSHIP TO SECRETION

General Concepts of Central and 
Autonomic Control

Salivary glands íorm a netw ork of secretory units 
that, depending on the stim ulus or insult, react to pro- 
vide an appropriate com bination  o f secretory products. 
In general, secretory responses are controlled  by com - 
p le x  intcractions between the C en tra l a n d  a u to n o m ic  
nervous system s. Glands receive postganglion ic auto- 
n om ic fibers to activate specific constituent secretory  
cells and/or to regulate b lood flow. Preganglionic para- 
svm pathetic nerve Rbers em anate from salivatory een- 
ters in the m edulla oblongata (i.e ., the inĩerior and 
superior salivatorv nuclei) to synapse in m ultip le  
ganglia with postganglionic fibers that innervate the 
different salivarv glands. Postganglionic íìbers ĩeeding  
the subm andibular and sublingual glands em anate pri- 
marilv from the subm andibular ganglion. Parotid glands 
reccive postganglionic Rbers from the otic ganglion and 
m inor gìands are innervated via íìbers from the



sphenopalatal ganglion  or sưbm andibular ganglion. 
There are no d istinct sym pathetic salivarv centers, al- 
though preganglion ic íibers em crge from the initial two 
thoracic segm ents o f the spinal cord and ascend via the 
sym pathetic trunk to synapse in the superior cervical 
ganglion. P ostganglionic fibers follow  along with arter- 
ies to supply  each gland.

Regions w ith in  the C entral nervous system  can 
in fluence the salivary centers in a positive or a nega- 
tive m anner. For exam ple, the negative in ílu en ces o f  
Central regions on salivary centers are responsible  
for a dry m outh during periods o f em otional stress. 
C onversely, positive influenc.es on salivary centers are 
likcly responsible for increased salivation in  response to 
appropriate sm ells or to the anticipation o f feecling or 
vom iting. Reflex secretion  in response to gustatory 
(taste) or m echanical (m astication and touch) stim uli 
appears to be con tro lled  more by localized  neural feed- 
back loops that in vo lve input from lingual taste recep- 
tors and perioclontal m echanoreceptors, respectively. 
The broad clistribution o f diverse glands supplying  
the oral cavity provides for different reílex stim uli to 
in íluence the nature o ĩ  the íìnal secretion, in both pro- 
tein and ílu id  con ten t. Secretion can also be localized  
m o re to a general site w ithin  the orai cavity, such  as 
in the case o f  a unỉlateral ch ew ing stim ulus and the 
resultant dom inant parotid secretory response on the 
sam e side.

The patlcrn o f  autonom ic innervation lo  cellular 
elem ents is not necessarily  sim ilar betw een  glands or 
between sp ec ies for the sam e gland. In generaỉ, postgan- 
glion ic parasym pathetic fibers are abundant in all major 
and m inor salivary glands exam ined to date. In addition, 
acetylcholine (ACh) efferent íìbers near blood  vessels 
and đucts also con ta in  vasoactive intestinal peptide  
(V1P), peptide w ith  N -term inal h istiđine and C-term inal 
iso ieucine (PH I), substance p (SP), and calciton in  gene- 
relaled peptide (CG RP). Only VIP and possib ly enkeph- 
alins are co -loca ỉized  w ith Ach in fibers around acini, 
although SP is also present in the rat. In addition  
to norepinephrine, sym pathetic fibers near b lood  ves- 
sels contain n eu rop ep tid e Y. Sym pathetic íìbers to vas- 
cular, ductal, and acinar elem ents may also contain  
enkephalins.

Parotid and Submandibular Glands

In parotid glands, adrenergic and cholinergic post- 
ganglionic Rbers are associated w ith  serous acinar exo- 
crine cells, intercalated ducts, large vascular structures, 
m yoepithelial cells, and striated ducts. Subm andibular 
glands have a sim ilar pattern o f innervation, despite 
marked sp ecies d ifferences in acinar cell types.

Hum an subm andibular acini are primarily serous 
vvith a sm all proportion o f m ucous tubuloacini, whereas 
in rodents, subm andibular acini are uniíorm ly sero- 
m ucous and secrete a low -m oỉecular-w eight m ucin. 
Parasym pathetic stim ụlation  to either parotid or sub- 
m andibular glands results in  lim ited acinar cell degran- 
ulation accom panied by proíuse íluid secretion. 
C onversely, sym pathetic activation produces little 
fluid output and extensive acinar cell degranulation.

Mucous Glands

The rnạịor sublingual glands o f m ice, rats, and hu- 
m ans as w ell as the m inor sublingual, buccal, and labial 
glands in hum ans have a ri ch supply o f cholinergic  
nerves to acinar elem ents and blood vessels. Thcse 
glands have a m ore sporadic cholinergic innervation  
o f ducts. Adrenergic innervation is localized  primarily 
to blood vessels and is absent or barely deiectable w ithin  
acini. Because all these glands contain abundant 
m ucous tubuloacini usually capped by serous (serom u- 
cous) d em ilune cells, other m inor m ucous glands (pal- 
atal and lingual m ucous glands) are likely innervated in 
a sim ilar fashion. M ucous glands also undergo reílex  
se c re lio n  (e.g ., g u s ta to ry  S lim ula tion , chew ing , and  
speaking) as dem onstrated in hum an labial glands. 
B oilì íluid secretion and exocrine secretion by m ucous  
acinar cells are controlled  primarily by m uscarinic cho- 
linergic receptors. Exocrine secretion hy m ucous cells, 
in  viíro, is also responsive to VIP but to a m axim al re- 
sponse that is less than half of the m uscarinic-induced  
response . U nlike muGOUs cells, th e  ex o c rin e  resp o n se  of 
dem ilune cells appears unresponsive to parasympa- 
thetic stim ulation or m uscarinic agonist but is instead  
stim ulated by p-adrenergic agonists. W hether dem ilune 
cells contribute a fluid com p onent to assist in the flow of 
viscous m ucins has been speculated  upon  but has yet to 
be dem onstrated. The serous lingual glands o f von  
Ebner also undergo exocytosis in response to m usca- 
rinic agonist or parasym pathetic nerve activation. 
Sym pathetic íibers m ay íunction  in a sim ilar m anner, 
although results are conílicting.

M yoepithelial Cells

M yoepithelial ce lls that surround all acinar struc- 
tures (rat parotid is an excep tion) as w ell as intercalated  
ducts contract on  stim ulation  o f parasym pathetic fibers 
(via m uscarinic receptors) and, w hen present, 
sym pathetic íibers (via a-adrenergic receptors). Con- 
traction in itiaỉly accelerates the expulsion  o f saliva 
and is then thought to provide support against increased  
intralum enal pressures during secretion. Gap junctions  
betw een  m yoep ithelial and acinar cells likely function



in intracellular Communications and may help to prop- 
agate a neurostim ulus.

Innervation of Blood Vessels and 
Control of Blood Flow

There is a com plex integration between signals to 
activate secretion  and blood flow to speciíìc glands. The 
volu m e o f secretion  during parasympathetic salivation  
is related directly to the glandular venous pressure 
through the op en ing  of arteriovenous anastom oses. Si- 
m ultaneous arteriolar dilation íurther assists to elevate 
capillary hydrostatic pressure. Both acetylcholine and 
VIP are vasodilatory and íunction synergistically, 
w hereas sym pathetic vasom otor fibers can counteract 
these eííects through Oí-adrenergic raechanisms. More- 
over, nitric ox id e synthase (NOS) is localized to post- 
ganglion ic parasym pathetic nerves feeding vascular 
elem en ts in subm andibular glands and íunctions to en- 
hance the release o f VIP and reduce ihe degradation of 
V ĨP-induced cyclic AMP (cAMP) in vascular sm ooth  
m uscle. In contrast, NOS is rnostly absem  in sym- 
pathetic postganglion ic nerves. Aííerent sensory íibers 
o í unknow n íu nction  are also localỉzed to blood vessels 
and occasionally  to ducts vvithin all three major glands. 
These fìbers originate in  thc trigeminal ganglion and 
display im m unoreactivity to CGRP, neurokinin A, 
and SP. Because not all elem ents vvithin a gland are 
thought to bc activated simultnnrously during normal 
reílex responses, perhaps affere.nt íìbers provide íeed- 
back o f  b lood  flow  and/or pressưre to help  regulate 
localized  reílex secretory responses.

G-PROTEIN-COUPLED RECEPTORS AND 
INTRACELLULAR SIGNALING IN 
SALIVARY ACINAR CELLS
General Aspects

Salivary glands possess an abundance of receptor 
types that, in general, reílect the pattern of autonom ic 
innervation to each gland. Two signaling pathways, cal- 
cium  and cyclic AMP, and the receptors responsible for 
their in itiation  have historically been the primary focus 
of studies to elucidate secretorv responses of salivary 
cells to various neurotransmitters. However, i.n the past 
decade m ultip le isoíorm s o f recepiors, ìntracellular sig- 
naling m olecules, and com ponents of íluid/exocrine  
secretorv pathways have been identiHed. As the anno- 
tation o f m am m alian genom es progresses, niany niore 
isoíbrm s and/or sp.lice variants will likely be revealed. 
As speciBc iso íorm s of these m olccules are identiRed 
in salivary cells, the task of characterizing íunctional

signaling pathways becom es even m ore com plicated, 
especially w hen m ultip le and operationally equivalent 
isoform s are expressed. Furtherm ore, it is becom ing  
increasingly apparent that cells u tilize m acrom olecular  
com plexes for the tem poral—spatial localization, effi- 
ciency, and integration o f signaling pathways. There- 
fore, delineating such com p lexes and their íunctions 
represents a íorm idable quest in  current and íuture sal- 
ivary research.

Calcium Signaling

A cetylcholine from postganglion ic parasym pathetic 
nerves stim ulates acinar cell m uscarinic choìinergic re- 
ceptors. There are five subtypes of m uscarinic receptors 
(M l —5) and acinar cells o f ihe major glands (probably 
all m inor glands as w ell) express abundant M3 musca- 
rinic receptors. A dditionally, m ucous cells o f sublingual 
and possibly m inor glands also express signiíicant MI 
m uscarinic receptors (equivalent to M3 receptor levels) 
and recent data raise the possib ility  o f the M5 receptor 
subtype in salivary glands. M I and M3 receptors couple  
predom inantly to Gq and G u  G -proteins to activate (via 
ihe subunit) phosphatidylinosito l 1,4-bisphosphate 
(PIP2)-specifìc phospholipase c  (PLC). The p3 isoíorm  
of PLC is present in  rat parotid glands. PLC hydrolyzes 
plasma m em brane PỈP2 to release diacylglycerol and 
inositol 1,4 ,5-trisphosphate (IP3), ln  rodent parotid 
and subm andibuỉar acinar cells, IP3 initiates a rapid 
increase in the intracellular free calcium  (ỊC a2+ ]i) by  
opening IP3-sensitive Ca2+ channels (260  kDa IP3 re- 
ceptor glycoproteins in  tetram eric form) w ithin com po- 
nents of the endoplasm ic reticulum  (ER) localized in the 
apical cytoplasm . D ep letion  o f internal Ca2+ stores ac- 
livates the in ílu x  of extracellular Ca2+ through a stor- 
age-operated Ca2+ entry m echanism  in the plasma 
mem brane that has yet to be deíìned , although evidence  
suggests a role íor trp  (transient receptor potential) gene 
products. These Ca2+ release and inílux m echanism s 
íunction in concert with Ca2+ pum ps to regulate 
[Ca2+]j in  a te m p o r a l—sp a tia l  m a n n e r  to  p ro d u c e  e ith e r  
oscillation  or w aves of increases in  [Ca2+]j in response 
to m uscarinic receptor activation. These Ca2+ pum ps 
are localized in the plasma m em brane to extrude intra- 
cellular Ca2+ as w ell as SERCA (sarco-endoplasm ic re- 
ticulum  Ca2+) pum ps in the ER to refill Ca2+ stores. The 
pattern o f oscillatory or w ave-like changes in [Ca2+]j is 
the resu lt o f m u ltip le  ĩac to rs  th a t are the focus o f in tense 
investigation. Such ĩactors likely include (1 ) the spatial 
distribution o f SERCA pum ps (iso íorm s 3 and 2b);
(2) exp ression  levels and distribution of IP3 receptơr 
iso ío rm s th a t d isp lay  vario u s sensitiv iiie s  to IP 3 and  
are also regulated by Ca2+ levels in  both the ER stores



and cytosol; and (3) con trib ution s from rvanodine re- 
ceptors that also íunction  as Ca2+-release channels 
w ithin  ER m em branes and are con tro lled  by m ultip le  
m echanism s in clu d ing  [Ca2+]ị and p hosp horylation  by 
serine/threonine klnases. A ll five IP3 receptor isoíorm s 
and ryanocỉine type III receptors are expressed  in m ouse  
parotid glands.

Acinar cells o f rodent parotid and/or subm andibular 
glands also express otỊ-adrenergic receptors (ocla >  otib 
isoíorm s) and substance p receptors (tw o isoíorm s of 
the tachykỉnin NK] receptor) that on  receptor activation  
produce an increase in  [Ca + ]j presum ably through  
coupling to Gq/11  proteins and to dow nstream  m echa- 
nism s similar to M3 receptors. Possible receptor- 
sp eciíìc patterns of oscillatory or w ave-like changes in 
[Ca2+]j have yet to be deím ed. It m ust be noted  that 
extrapolating results o f  rodent tachykin in  receptors to 
hum an receptors m ay n ot be warranted given the low  
levcls of substance p innervation  to acinar ce lls  in 
hum an major and m inor glands. Furtherm ore, studies  
o f rodent sublingual and hum an labial glands suggest 
the absence o f oti-adrenergic receptor in m ucous cells.

Four different P2 n ucleotid e receptor subtypes 
(P2X 7, P2X4, P2Yị, and P2Y2) are present in  salivary 
glands. P2X7 and P2X4 receptors are ATP-gated non- 
selective cation channels that increase [Ca2+]j w hen  
activated. P2X 7 receptors can also  form  pores for m ol- 
ecules UỊD to 9 0 0  Da. P2Y I receptors (A D P-selective) and 
P2 Y2 receplors (Ư D P-selective) cou p le  LO Gq/11 proteins 
to increasc [Ca2 f li and are expressed  at very low  levels 
in normaỉ glandular tissues. Interestingly, glandular 
P2 Y2 receptors are up-regulated in response to injury, 
suggesting a role in cell renew al.

Signaling via Cyclic AMP

Acinar cells o f parotid and subm andibular glands 
express p-adrenergic receptors (P i and p2 isoíorm s)  
coupled  via Gs-proteins to activate adenylyl cyclase, 
inc reasing  in tra c e llu la r  cAMP a n d  su b se q u e n tly  s tim u- 
la t in g  cAM P-dependent protein kinase A (PKA). In con- 
trast, only serous d em ilu ne cells, not m ucous cells of 
sublingual glands, express p-adrenergic receptors. Mul- 
tiple isoíorm s o f adenylyl cyclase (3, 5 /6 , and 8 ) and 
PKA regulatory su bu nits (iso íorm s I and II) are present 
in  rodent parotid and subm andibular glands. A lthough  
PKA type II is predom inantly expressed , both  isoíbrm s 
are associated w ith  identical catalytic subunits and are 
activated on p-adrenergic receptor stim ulation . Acinar 
ce lls  o f all three m ajor glands exp ress VIP receptors also  
linked  to Gs-proteins to activate adenylyl cyclase. Ad- 
renergic 0Í2A receptors are present both  pre- and post- 
synaptically in rodent major salivary glands. These

receptors are coupled  to Gi G -proteins and may either 
inhibit adenylyl cyclase or activate PLC, a lthough their 
íunction  in salivary glands has not been  extensively  
explored.

ACINAR CELL FLUID SECRETION  

Fluid and Electrolyte Secretion Mechanisms

Fluid secretion is driven by transepithelial c\~ 
m ovem ent (Fig. 1). Salivary gland acinar cells secrete 
an isotonic, plasm a-like fluid. This prim ary fluid is 
subsequently m odified in  a gland-specific m anner as 
it passes through the duct system  (e.g ., NaCl reabsorp- 
tion, K+ secretion, additional protein secretion). The 
opening o f and C l” channels in  the basolateral 
and apical m em branes, respectively, o f acinar cells ini- 
tiates the secretion process. Sỉm ultaneous activation of 
these two types of channels perm its C l_ to exit across 
the lum enal m em brane and loss o f K 1 into the intersti- 
tial íluicl, creating a lu m en  negative transepithelial po- 
tential difference. This transepithelial electrical 
potential d iííerence ìeads to passive N a+ passage across 
light junctions. The resulting lum enal NaCl accum ula- 
tion and transepithelial osm otic gradient drive the 
m ovem ent of water, creating a p lasm a-like primary se- 
cretion. W ater channels expressed in acinar ce lls  are 
important for transcellular water transport and the 
generation of saliva.

Sustained C l_ -dependent íluid secretion  requires a 
robust C l” reuptake m echanism . The prim ary C l_ up- 
take pathway is the N a+/K +/2C1~ cotransporter located  
in the basolateral m em brane. This m echanism  con cen-  
trates intracellular cl~ four to fìve tim es above its elec- 
trochem ỉcal gradient and is up-regulated m any fold  
during sustained stirnulation. Paired C P /H C O 3 -  and  
N a+/H + exchangers are also located in the basolateral 
m em brane of acinar cells and signiBcantlv contribute to 
saliva formation. The energy required for cr~ uptake via 
the cotransporter and the paired exchangers is stored in  
the inward-directed N a+ chem ical gradient created by 
N a+ pumps.

Muscarinic Cholinergic Stimulation of 
Fluid Secretion

Parasympathetic stim ulation o f ílu id  secretion  has 
been studied m ostly in parotid acinar cells. The dom i- 
nant m echanism  producing íluid secretion  is the 
m uscarinic-inducecl increase in acinar [Ca2+]j with  
subsequent activation o f Ca2^-gated K+ and Cl~ chan- 
nels. The fluid secretion m odel sh ow n  in Fig. 1 places 
the Ca2+-dependent K+ and C1 channels in the
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F IG U R E  1 Fluid secretion m od e l. lo n  transport pathw ays in a C l“ -secretỉn g  acinar cell. 
T ransepithelial c r  m ovem ent drives the ílu id  and electro lyte secrction  process. T h is ce ll shovvs 
the scv en  essential vvater and ion transport m ech an ism s in v o lv ed  in ílu id  and e lectro lyte m ovem ent 
in C1 -secreting cpithclia: the basolatcral N a+,K^-ATPase wlth a stoichiom etry of 3 N a+ : 2 K+; ihe 
electroneutral N a4 /K H /2C1 cotransporter; the basolaterai K 1 channel; paired basolateral N a +/H + and 
c r  /H C 0 3~ exchangers; ihe apical w ater channel; and apical C l~  ch an n els. C1 is con cem ra ied  in 
acinar c e lls  by the N a '/K  72C 1” cotransporter and paired N a +/H  + and C1 /H C 0 3 ~ exchangers. K } 
and C l~ exit w hen  the K ‘ and Cl~ ch an n el op en  in resp onse to an increase in  the in tracellu lar [Ca ]. 
The accu m u la iion  ()f c.l in the acinar lu m en  is n eutralized  by Na 1 m ovem ent across tight ju n ctio n s  

and watcr follows nsmoiỉcally. Scg tcxt for dctails.

basolateral and apical membran.es of acinar cells, re- 
spectively. A sustained increase in [Ca24]j, w hich  is 
dependent on external Ca2 f , is required to generate a 
prolonged secreiion. Up-regulation of the Na +/K +/2C1~ 
cotransporter and the N a+/ í ỉ + exchanger by the in- 
crease in [Ca2+]j ensures that the intracellular C l~ con- 
centration rem ains above its electrochem ical gradient.

c r  efílux m ediated by the Ca24'-activated c\~ c h a n -  

nel is likely the rate-lim iting step in the fluid secretion  
process. Thus, regulation o f Ca ‘‘-dependent C l“ chan- 
nel activity is the keỵ elem ent in the determ ination of 
flow rate. An im portant m echanism  regulating this 
channel is its sensitivity to the intracellular pH. Follow - 
ing m uscarinic activation, the intracellular pH of 
acinar cells typically drops due to HCO3-  efflux via 
C á  -activated c r  channels. Channel activation is reg- 
ulated by pH such that.ạs the intracellular pH clecreases, 
the channel is inhibited. Consequently, H C O 3 efflux  
via the Ca -activated Cỉ channcl is blunted and thus 
the magnitude of the resulting intracellular pH drop is 
decreasecl. The im portance of the pH sensitivity o f the 
Ca2 1 -activated c r  channels is in sustaining íluid secre-

tion during prolonged stim ulation . A ciivation o f N a+/  
H + exchange raises the intracellular pH of acinar cells  
0 .1 —0.3  units higher than the pH in unstim ulated  cells. 
As the intracellular pH rises, the Ca2+ sensitiv ity  of the 
Cl~ channel increases (and consequently  the channel 
activity increases), cvoking continued  íluid and electro- 
lyte m ovem en t even  as the cỵtoso lic  Ca2+ concentration  
decreases to near resting levels.

Molecular Identity of lon and Water 
Transport Pathways

Fluid  secretion  is dep en dent on  the activation of  
Ca -gated c r  channels. A lthough íour different 
classes o f C l_ channels have been identiíìed  in  salivary 
acinar ceìls, on ly one o f these is activated by an increase 
in the intraceĩlular free Ca2+ concentration. The m olec- 
ular identity o f the Ca -activated c\~ channel is un- 
known; how ever, C L C A Ỉ  and CLCA2, m em bers of a 
putative C a ^ -g a ted  c r  channel gene family, are ex- 
pressed in  salivary glands. A ctivation o f the other three 
Cl channels is dep en denl on an increase in cAMP,



hyperpolarization o f  thc plasm a m em brane, or cell 
sw elling. The cA M P-dependent and the hyperpolariza- 
úon-activated c r  ch an nels are due to ihe exp ression  of 
C FTR  and CLC.V2, respectively , but the id en tity  o f the 
cell sw elling-dependent channel rem ains unclear. Mu- 
tations in hm ctional dom ains o f the C F T R  gene result in 
cystic íìbrosis, w hereas targeted d isruption  o f  the C lc n l  
gene Leads to degeneration  o f  the retina and testis.

At least two types o f Ca2^-dependent K + channels  
are present in acinar cells, a large-conductance voìtage- 
and Oà2' -dependent K+ channel (125  — 250  pS), the 
so-called maxi-K+ cb an nel, and an in term ediaie con- 
duciance Ca -depend en t K+ channel (22  — 35 pS). Ev- 
idence suggests thai the large-conductance voltage- and 
Ca -đependent K 1 channel is en cod ed  by K C N M A Ỉ ,  
whereas the interm ediate-conductance Ca2 f -depen- 
dent K f channel is K C N N 4 .  The lw o Cl~ uptake path- 
wavs, the N a+/K +/2C 1-  coiransporter and the paired  
C r /H C 0 3" and N a+/H + exchangers, are en cod ed  by 
the N K C C Ỉ  (S L C Ỉ 2 A 2 ), N H E Ỉ  (S L C 9 A Ỉ ), and A E 2  
(S L C 4 A 2 ) genes, respectívely. A lthough several d iĩíer- 
ent water channel gen es are expressed  in  salivary glands, 
only the aquaporin A Q P 5  has been shovvn lo  play a 
maịor rolc in salivation.

SECRETORY GRANULE DISCHARGE

Pattern oí ĩnnervation versus Signaling of 
Exocrine Secretion

As describecl above, both  parotid and subm andibu- 
lar acinar elem ents receive innervation  írom  both  
branches oí ihe au ton om ic nervous system . Sym pathetic 
innervation through the activation o f p-adrenergic re- 
ceptors potently stim ulates exocrine secretion  in these 
glands m ediated by an increase in cAM P and the 
subsequeni activation of PKA. Signaling com p on en ts  
dovvnstrcam of PKA that may íunction  d irectly in exo- 
crine secretion have been diíRcult to điscern, although  
a 26k D a protein phosphorylated  by PKA in response  
to isoproterenol, and having phosphorylation  — 
dephosphorylátion k inetics con sistent w ith exocytosis, 
has been identified in  rat parotid and subm andibular  
acinar ceìls.

Parasympathetic nerves have a m uch less d irect ef- 
fect on exocrine secretion  in tbese glands. Each o f the 
cotransm itters V1P and acetylch olin e m ay have a posi- 
tive effect on exocrine secretion , m ediated by VIP acti- 
vation of the cAMP/PKA pathwaỵ and acetyleh olin e  
stim ulation o f m uscarinic M3 receptors to activate pro- 
tein kinase c  (P K C ) . PKC con sists  o f three íam ilies o f  
isoíorm s, conventional (a , Pị, pn, y), novel (ồ, e, TỊ, 9 ), 
and atypical ả /t ) ,  that cliffer in  exp ression , subcel-

lular localization, substrate speciíicity, and activation  
m echanism s. In response to m uscarinic agonist, acinar 
cells from rat parotid glands dem onstraie activation of 
both  PKCa and PKCỖ, w hereas subm andibular acinar 
ce lls  undergo stim ulation of PKCe but not PKCoí. It is 
still unclear w hich PKC isoform (s) may be coupled  to 
the exocrine pathways in these cells.

Contrary to parotid and subm andibular glands, exo- 
crine secretion  as w ell as fluid secretion by sublingual 
m ucous acinar cells is primarily under the control of 
m uscarin ic receptors with activation o fb oth  M I and M3 
subtypes required for a m axim al exocrine response. The 
m uscarin ic exocrine response is totally dependent on  
activation o f  a Ca24-dependent PKC isoform (s), of 
w h ich  PKCa is the likely  candidate based on expression  
levels. The íunction o f m uscarinic receplor redundancy  
is unclear. Because m inor m ucous glands also have a 
dom inant parasym pathetic innervation, it is reasonable 
to speculate that m uscarinic receptors also íunction in a 
sim ilar m anner to stim ulate both exocrine and fluid 
secretion. VIP can also aclivate exocrine secretion by 
sublingual m ucous cells, but through activation o f  PKA 
and to a m uch low er m axim al effect than the m uscarinic 
pathwav.

Pathways for the Sorting and Release of 
Secretory Proteins

The major regulated pathway for exocrine secretion  
o f salivary p roteins/glycoproteins involves the synthesis 
and transport o f proteins/glycoproteins through the ER 
and G olgi, the budding of condensing vacuoles from the 
írans-G olgi to form  im m ature secretor>r granules, mat- 
uration to secretory granules, and the exocytotic release 
o f granule con  ten ts in response to agonist. This paihway  
íu nctions primarily in  the extensive secretion oí secre- 
tory m aterial during periods of eating. Three additional 
pathways for the release of secretory proteins have been  
identified in rat parotid serous acinar cells. Two o f these 
pathways are independent o f agonist stim ulation; one 
pathway is associated with the unstiraulated exocytosis 
o f m ature secretory granules and is apparent aíter cells 
are replete w ith granules. The seconcỉ unstim ulated  
pathway, the con sũtutive-like pathway, and a m inor 
regulated pathway are both initiated at a mutual step. 
This step iĩìvo lves secretory proteins that are sorted  
ineffìciently  and enter vesicles that then bud off from  
both con d en sin g  vacuoles and immaturc secretory gran- 
ules. V esicles destined  for the constitutive-like vcsicles 
then undergo passage to the apical m em brane through 
recycling en d osom es. These endosom es also contain  
secretory proteins internalized by endocytosis o f con- 
tents released previously in the apical lum en. During a



4 to 6  h period, from 10 to 15% of new ly synthesized  
secretory proteins are released via the two unstim ulated  
pathways.

V esicles destined  for the m inor regulated pathway  
do not pass through recycling endosom es but instead  
are sequestered in the apical cytoplasm  until induced  
to release their contents via exocytosis at the apical 
m em brane. This pathway represents a sm all but signií-  
icant pool o f secretory proteins (up to 1 0 % o f new ly  
synthesized  am ylase) and is responsive to very low  
doses o f either (5-adrenergic (< 5 n M  isoproterenol) or 
m uscarinic (40 nM carbachol) agonist. In contrast, in- 
duction o f  the major regulated pathway requires higher 
concentrations o f isoproterenol ( > 1  |iM isoproterenol). 
The m inor regulated pathway may thus contribute  
more sign iíìcantly  to basal or resting secretions during  
periods betw een  m eals w hen the parotid receives only  
low -frequency stim ulation  from parasym pathetic and 
possib ly sym pathetic nerves.

Elucidation o f distinct pathways for the release of 
secretory proteins adds additional levels o f  com plexity  
in  eííorts to define m echanism s responsible for the dif- 
ferential sorting o f v esicles as w ell as for the control of 
exocytosis by Ca2H~- and cAM P-m ediated signaling. In 
other exocrine system s, especially w ith  excitable cells, 
proteins termed SNARE (soluble N -ethỵlm aleim ide- 
sensitive attachm ent protein receptor) have been iden- 
tified and function in a reciprocal recognition betw een  
v-SNAREs (vesicular m em brane-associated proteins) 
and t-SNAREs (plasm a m em brane-associated proteins). 
Studies w ith  rat parotid acinar cells suggest a role for the 
V-SNARE protein VAMP2 (vesicle-associated  m em - 
brane protein  2) in cAM P-m ediated exocrine secretion. 
Also im plicated in traffìcking o f parotid vesicles are the 
sm all G TP-binding proteins Rab3, R apl, and ARF1 
(A D P-ribosylation íactor 1) as w ell as SCAMP1 (secre- 
tory carrier m em brane protein  1). M oreover, the recent 
dem onstrated expression  in parotid glands o f  additional 
SNAREs as w ell as associated regulatory proteins know n  
to íunction  in m em brane íu sion  events further m aniíests 
the com p lexity  of deíìn ing the key downstream  events  
regulating salivary exocrine secretion.

INTERA CTIO N S BETW EEN  
SECRETORY STIMULI

Crosstalk between Signaling Pathways

Glandular elem ents norm ally receive m ultip le sig- 
nals, either from co-locaỉized  neurotransm iuers or from  
the sim ultaneous íìring o f both sym pathetic and para- 
sym pathetic fibers (at least in parotid and subm andib- 
ular glands). In general, synergistic fluid and exocrine

effects are observed in response to m ixed low -level 
nerve stim ulation  in  parotid and subm andibular glands. 
M echanism s of synergistic interactions may involve  
contributions from m yoepithelial cells, augm entation  
o f calcium  or cAMP signaling by different receptors, 
or convergence of tw o distinct pathways at a com m on  
secretory m echanism . For exam ple, norepinephrine 
from sym pathetic nerves is likely to stim ulate a m axim al 
exocrine response from serous cells as both the 
cAMP and Ca2+ pathvvays are activated via ệ-  and  
oei-adrenergic receptors, respectively. M oreover, VLị- 
adenergic receptors m ediate the sm all sym pathetic- 
derived íluid com p onent o f norepinephrine-induced  
secretion. In m ouse parotid acini, the observed  
synergism  betw een  the m uscarinic and (3-adrenergic 
pathways in  fluid and exocrine secretion  is likely reìated  
to (1) Ca2+ activation o f calm odulin (CaM ) with  
subsequent CaM stim ulation  o f the type 8  isoíorm  of 
adenylyl cyclase and (2) cAMP potentiation of Ca2+ 
release from intracellular stores due to PKA-mediated 
phosphorylation  o f IP3 receptors. In addition, a func- 
tional Ca2+—nitríc o x id e—cGMP pathway in acinar 
cells m ay also serve to integrate Ca2+ and cAMP levels  
through actions to prom ote oram pliíy  increased lCa2+li 
and inhibit adenylyl cyclase isoíorm s.
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Saỉmoneỉỉa
A n d r e w  s. N e is h  

E m o rỵ  U n iv e r s ity

nuclear íactor k B  Conserved signal transducũơn pathway  
critica l for the a c t iv a tio n  o f  in n a te  im m u n e  an d  
in íla m m a to r y  r e sp o n se s .

T o ll- lik e  r e c e p to r s  T r a n sm e m b ra n e  suríace receptors in -  
v o lv ed  in  the d e te c t io n  a n d  r e c o g n it io n  o f  p a th o g e n  
stru ctu ra l d e term in a n ts .

The Saỉm onella ,  a large group o f com m on bacterial 
enteric pathogens, cause a spectrum  of food-bom e and 
waterborne diseases ofw orldw ide importance. Generally, 
cỉinical syndrom es are divided into nontyphoidal salmo- 
nellosis and typhoid fever. N ontyphoidal salm oneilosis  
is an acute inílammatory gastroenteritis of great public 
Health importance in industrialized countries and is 
caused by many Sa ỉm oneỉỉa  strains. Typhoid íever, a more 
severe system ic waterborne disease endem ic in devel- 
oping nations, is caused by a single serovar, Sa lm onelỉa  
typhi.

MICROBIOLOGY

The Sa ỉm on e ỉla  are gram -negative, facultative anaero- 
bic, noncapsulated  (except s. tỵphi/paratyphỉ) , non- 
spore-form ing, m otile rods. They p ossess a 4 .8  Mb 
genom e, variably m odified  by m ultip le lysogenic  
phage genom es, plasm ids, and other m obile genetic  
elem ents. Interestingly, the s. tỵp h i  gen om e contains

num erous inactive p seu dogenes, w hich  are íunctional 
in  enteropathogenic S a ỉm o n e l la  strains. Sa lm o ne lla  tax- 
o n o m y  i s  c o m p l e x  a n d  in  a c o n s t a n t  S ta te  o f  r e v i s io n .  A ll  

S a lm on e ỉỉa  are m em bers o f  the family Entero- 
bacteriaceae and are closely  related to other m edically  
im portant enteric bacteria includ ing E scherich ia  coli, 
Y ers in ỉa  sp., a n d  S h ig e ỉ ỉa  sp.

By DNA sequence analysis, six  subgroups o f  
“Sa ỉm o n e ỉ ỉa  en ter ica” are recognized. A lm ost all 
hum  an (and other w arm -blooded anim al) pathogens, 
in clud ing 5. t y p h ỉ , are in  G roup 1. Group 1 is íurther 
categorized into m ore than 1 0 0 0  serovars based on the 
antigenicity o f surface o ligosaccharides (O -antigens) 
and ílagellar structures (H -antigens). R oughly 10 
Group 1 serovars account for over 70% of hum an in- 
ỉections. O ther subgroups of S a ỉm o n e ỉ ỉa  are found pri- 
marily in  co ld -b looded  anim als and the environm ent, 
though several serovars o f G roup 3 can occasionally  be 
pathogenic in  hum ans. In the m edical and ep idem iolog- 
ical literature, iso lates are generally reỉerred to by 
serovar elevated to species name.

All S a ỉm o n e l la  are adapted to the intestinal tracts of 
vertebrates. Som e can co lon ize/in fect a broad range of 
vertebrate hosts; alternatively, strains may have abso- 
lute host speciR city. s. typh i ,  for exam ple, is strictly  
host lim ited  to hum ans. Certain S a lm o n e ỉỉa  strains can



be effective intestinal com m ensals in birds and reptiles 
and can also colonize reproductive organs. This abiỉity 
allows iníection of developing cggs and subsequent 
vertical transmission, w hich accounts for hum an in- 
íection via the poultry industry and pet trade. 
Saỉm onclỉa  are hardy organism s and can survive 
under a variety o f environm ental conditions outside 
a vertebrate host. For instance, iníective organism s 
can survive in soil for m onths and in driecl food P ro d 
ucts for years.

CLINICAL SYNDROMES

Nontyphoidaỉ salm onellosis is caused by many 
Salm onella  serovars and is generaỉly manưested as an 
acute inílam matory gastroenteritis. Symptoms usually  
begin after an incubation period of 1—4 days with  
initial nausea and vom iting followec] by cram ping  
abdominal pain, diarrhea, headache, and íever. The 
illness generally lasts 3 —7 days and is usually self-lim - 
iled. Mortality is rare and is usually coníìned to elderly  
and im m unocom prom ised patients, such as inciividuals 
with acquiređ im m unodeRciency syndrome or neo- 
plastic dỉsease. The diarrhea is usually of moderate 
volum e and w iihout blood. Prankly bloody and puru- 
lent “dysentery-like” stools can be seen, though such  
sym ptom s are more typical o í Shigella  or ente.ro- 
hemorrhagic E. coli iníections. In addilion, volum inous  
vvatery “cho lera-like” stoo ls OCCL11 oceasionally  in 
nontyphoidal salm onellosis. Rareỉy, an enteric fever- 
like clinical picture can result from iníection w ith  
nontyphoidal Sabnoneỉla .

The diagnosis o f nontyphoidal salm onellosis should  
be considered in any enterocolitis, especially vvhen as- 
sociated with fever and headache. DeRniiive d iagnosis is 
achieved by stool culture on selective medium to rule 
out other enteropathọgens, such as C am pylobac ter  sp., 
Shigeỉỉa, Yers in ia , or pathogenic E. coli , and to d iííeren- 
tiate írom acute idiopathic ulcerative colitis or toxigenic  
secretory diarrhea.

Com plications include bacteremia and subsequent 
localized extraintestinal in íections, e.g., arthritis, m en- 
ingitis, osteom yelitis (especialỉy in pátients w ith sickle  
cell anem ia), and endocarditis. Such bacteremic com - 
plications are oíten  associated with certain serovars 
(e.g., s .  choỉeraesuis  and s. dublin )  or in the clinical 
setting of im m unodeRciency or hcmolvtic clisorders. 
Autoim m une sequelae such as Reiter svndrome (joint 
pain, uveitis, and urethritis) can follow Sctlmonella  (and  
other enteric) in ĩections, generally in HLA-B27-positive 
males.

Pathological change is lim itcd to the co lon and 
ileum and is marked by m ucosal erosions vvith a variable

inflam m atory iníìltrate in  the epithelia and lamina 
propria. In acute in íections, neutrophilic inRltration 
of the epithelia and lum en is characteristic. The histo- 
pathologic picture may be m istaken for acute ulcerative 
colitis.

Typhoid or enteric fever is caused by 5. typ h i  and is 
a severe system ic febrile in íection  that involves the 
reticu loendothelial system . Paratyphoid feve-r is a sim - 
iìar slightly m ilder syndrom e caused by the closely  
related s. para tỵph i .  After oral inoculation and an in- 
cubation period o f 8 —14 clays, patients present with  
variable gastrointestinal sym ptom s (generally m ilder 
than those in nontyphoidal sa lm on ellosis), prolonged  
high ícver, constipation, headache, and incapacitating  
m alaise. A characteristic m aculopapuỉar rash (rose 
spots) may be seen and hepatosplenom egaly is com - 
raon. Untreated, the clinical course is 3 — 8  w eeks, with  
convalescence (and possible relapse) o íten  extend ing  
m uch longer, resulting in m ortality írom chronic ina- 
nition. Overall, the niortaỉity rate of untreated infection  
is 1 0 - 2 0 %.

D eíinilive d iagnosis is m ade by culture (the highest 
yiekl is obtained from bone marrow; oth en vise blood, 
duodenal íluid, or skin is laken). Pathoiogy is charac- 
terized by expansion o f the m acrophage-likc cells in 
reticu ỉoendothelial and lym phoid tissues, accounting  
for the hepalosplenom egaly. M assive enlargem ent, ne- 
crosis,an d  ru p iu reo ím u cosa l P eyersp atch escan  result 
in gut peiToraũon, a íeared oíten-lethal com plieaiion . As 
in nontyphoiđal saim onelìosis, d issem inated  in íection  
can occur.

EPIDEM IOLOGY

N ontyphoidaì salm onellosis is rising in incidence in 
industrialized nations, w ith  2 —4 ìn illion  docum ented  
cases per year and far m ore going unreported. The 
preclom inant (90%) route o f  in íection  is food-borne, 
especially  through b eef and poultry prodưcts. Person- 
to-person transm ission occurs, such  as in day-care cen- 
ters, but is lcss com  m on. In íections peak in the surnmer 
and fall m onths and m ost cases are sporadic, though  
recognized  outbreaks are vvell knovvn and can often  
bc traced to a com m on source. A lthough all ages can 
be affcctecỉ, young children and the elderly are diag- 
nosed  far m orc írequentlv. lm m unization  is not effective 
in nontvphoidal salm onelìosis and individuals can sưí- 
fcr repeated iníections.

Typhoid fever is uncom m on in industrialized na- 
tions (several hundred cases annually in the United  
States sin ce the m id-1960s, largely coníìned  to travelers 
and laboratory w orkers) but rem ains a serious issue in 
the develop in g  world. The Worlcl Health Organization



estim ates 33 m illion  cases annually w orldw ide, w ith  
> 5 0 0 ,0 0 0  deaths. As hum ans are thc only host o f this 
organism , the disease is spread in an indirect p e r so n -lo  
person fashion, generallv through íecallv contam inated  
waier su pp lies, and ih us is endem ic in areas w ith  lim ited  
sanitation. In developed  naiions w ith  eíHcient water pu- 
riíìcation and sevvage disposal capabilities, typhoid  íever 
is rare. Endem ic areas tend to be large im poverished  
ưrban areas in Central America, South A m erica, South  
Asia, and Southeast Asia.

In sirik ing contrast to Sa ìm o n e l la  en teriiis, typhoid  
íever predom inantly strikes older ch ildren  ancỉ young  
adults, w ith íevver in fection s in the very voung and old. 
lnterestingỉy, pretechnical societi.es have a low  inci- 
clence o f in íection , probably due to universaỉ exposure  
during the relatively protected period o f  in íancy, result- 
ing in p opu lation  im m unity.

Typhoid fever con íers im m unity  to subsequent at- 
tacks; how ever, 5. ty  p h i  has a predilection  for co lon iz in g  
the gallbladder and can remain in high num bers even  
aíter the patient has clin ically  rccovered. Such chronic  
carrier ind.ivid.uals ( 2 —5% o f cases) con tinu ally  shecl 
large num bers o f  organism s into the bile and intestinaì 
tracl, presenting a p ub lic  health challenge. The case of 
“Typhoid Mary,” a ỉs)t h century N ew  York co o k  cleemed  
responsible íor over 3 0 0 0  in íection s, v ivid ly illustraies  
the polential lor pcrson-to-person  transm ission í rom  
chronic carricrs.

PATHOGENESIS

Alỉ S a lm onclla  arc enteric pathogens ancl are transm itted  
oraily Via contam inated  food and water. Thus, all en- 
teropathogens m ust survive trans.it through the aciclic 
gastric environm ent to gain access to the d istal ileum  
and colon, affix them selves to the lum enal w all to avoid  
peristalũc elim ination , and engage the host ai thc intes- 
tinal epithelium .

S a lm o nc lla  are invasive organism s; events leading  
to disease are elicited  by the actual penetration o f  the 
epilhelial barrier bv living organism s. T his is in con- 
trast to other enteridites m ediated by the action of  
extracellular secreted  toxins, such  as in  cholera or 
staphylococcal-m ediated  food p oisoning. It is gener- 
ally accepted ihat the process of invasion  is m ediated  
by bacierial “effector” proteins ín ịected  into the cyto- 
plasm  of the host ce ll by m eans o f a sp ecia lized  se- 
cretory struciure (tvpe III secretion  system , or TTSS). 
The TTSS is lounđ in many gram -negative pathogens  
and its coinp onent structural and regulatory genes  
tend to be phvsicallv clustered on  “p athogen icity  is- 
ỉands ’1 (PAIs). Effector proteins may be en cod ed  in

p athogen iciiy  islands either contiguous vvith TTSS 
p roteins or elsew here on the chrom osom c. Effector 
p roteins are thought to usurp host cellular processes 
to íacilitate the bacterial lifc cycle. The PAI of 
Sah ĩĩone ỉ ỉa  sh ow s signiíicant hom ology w ith the 
PA ls o f other enteropathogens, in both gene order 
and gene sequence, suggesting that these delerm inants 
o f v iruìence have been đissem inated am ong enteric 
organism s by horizontal gene transfer. The presence 
o f v iru lence factors on other m obile genetic elem ents, 
su ch  as tem perate phage DNA and plasm ids, íurther 
supports the idea of horizontal transm ission of genes 
involved  in pathogeniciiy.

Translocated effector proteins can induce phagocy- 
tosis in to intestinal epitheliaì cells, allow ing pene- 
tration oí ihe epithelial barrier, occupation o f an 
intracytoplasm ic vacuole, and egress through the 
basolateral aspect oí the epithelium  in to the lamina 
propria. In addition , lum enal Salmoneỉỉa  may be taken 
u p by M ce lls , w h i ch are m odi Red epi t helial cel ls o ve rly i ng 
lym phoid  tissue thai are specialized to sam ple lum enal 
particulate matter, and thus gain access to the lamina 
propria in  this tn-anner.

In nontyphoidal sa lm onellosis, the presence o f  in- 
vading bacteria is detected by tbe innate iramune 
systern, m ost likely via perception of bacterial surĩace 
structures by T oll-like receptors. The subsequent elic- 
itation oí the nuclear factor kB ancỉ other pro-inflam- 
m atory cellu lar signaling pathways results in activation  
of a classical acute inílam matory response typiíied bv an 
in tense neutrophilỉc inHltrate present in the m ucosa, 
subm ucosa, and lum en. This cellular infiltrate and 
the resultant increased epithelial permeability directly 
contribuie to the clinical m anilestations of the dis- 
order, nam ely, inílam m atory and secretory diarrhea. 
S a ỉm o n e ỉ la  are rapidly killed  by neutrophils. Thus, 
the brisk inflam m atory response, despite the clinical 
sym ptom s it induces, localizes the iníection and arrests 
sy s te m i c d iss em i n a ti 0  n .

In typhoid  íever, s .  tỵph ỉ  and s. para typh i  are able 
to adhere, invade, and penetrate the m ucosa w ithout 
elicitin g  a signifìcant inflammatory response. This 
property may be m ediated by the polỵsaccharide cap- 
su le sp eciíìc to these serovars. Organisms are phago- 
cytosed  by recruited m acrophages and ultimately 
reach and proliferate w ithin the m onocytic cells o í 
the reticu loen d oth elia l system , with resultant enlarge- 
m ent o f  lym ph  nodes and spleen. These cells are ap- 
parently unable to kill s. tỵph i ,  resulting in protection  
oí the pathogen from host innate and adaptive immu- 
nity. The prolonged  íever and malaise associated with 
typhoid  fever are likely a reaction to circulating bac- 
terial P ro d u c ts  and endogenous cytokines produced



chronically from the m assive persistent system ic 
iníection.

TREATMENT A N D PREVENTION

N ontyphoidal salm onellosis is a self-lim ited disease in  
im m unocom petent adults. Antim icrobial administra- 
tion does not reduce sym ptom  severity or duration; in- 
deed, antibiotics prolong asym ptom atic passage of 
organism s during convalescence, presum ably due to 
effects on normal ílora that otherwise suppress growth  
of pathogens. In cases o f Salm onelỉa  bacterem ia or 
extraintestinal iníection, quinolones, trim ethoprim - 
sulfam ethoxazole, and am oxicillin  are generally  
indicated. Passive im m unization against intestinal 
salm onellosis is not availabìe.

The m ost effective control m echanism s are directed  
toward the source of infections. Im proved m ethods of 
animal husbandry, meat Processing, and storage are ef- 
íective in  reducing outbreaks. Hand-washing am ong  
workers in day care and other institutional settings 
and education of individuals about proper food-han- 
dling practices and preparation techniques at the com - 
mercial and household  level are also im portant.

Typhoid íever generally responds to chloram phen- 
icol, quinolones, and trim ethoprim -sulfam ethoxazole, 
though the em ergence o f m ultidrug-resỉstant strains is 
an om inous problem. In the case of chronic carriers, 
s. tỵph i  can be successíully eradicated by prolonged  
antim icrobial therapy, underscorìng the im portance  
of identiĩying and treaùng these individuals. As typhoid  
is waterborne, efforts in developing countries to guard 
the purity o f water sources and saíely process sewage are

considered primary m ethods o f control. Reasonably ef- 
íective vaccines are available and are often used by trav- 
elers to en d em ic areas.

W ith all form s o f S a ỉm o n e ỉ ỉa -m ediated diseases, do- 
m estic and international ep idem iological surveillance is 
necessary to detect outbreaks and identiíy carriers. U n- 
íortunately, the severity o f  typhoid fever and environ- 
m ental hardiness of s. t yp h i  could iead to deliberate 
contam ination  o f water supplies, íurther em phasizing  
the need to m onitor this disease.
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anabolic pathway/signal Neural circuit/input promoting 
food ìntake.

blood—brain barrier Specific coníìguration of the endothelial 
cells of the brain blood vessels that does not allow the 
passage of molecules; only molecules using energy- 
requiring transport mechanisms can cross this barrier. 

catabolic pathvvay/signal Neural circuit/input reducing food 
intake.

cireumventricular organs Brain area where biood vessels are 
not equipped with the blood—brain barrier, thus 
allowing the entry of small peptides into the brain. 

hypothalamus Integrative brain area made up of different 
nucleì; it receives inputs from the periphery and triggers 
the appropriate behavioral and biochemical responses. 

neuropeptide A short chain of amino acids acting as a 
neurotransmitter. 

neurotransmitter A molecule transíerring iníormation be- 
tween neurons. 

peptide A short chain of amino acids. 
vagus nerve/vagal afferents The parasympathetic component 

of the autonomic nervous system, conveying metabolic 
and mechanical iníormation from the periphery to the 
hypothalamus.

To sustain life and growth, satiety is a critical íeeling  
w hose function is to avoid overfeeding. As a consequence, 
the biological m echanism s regulating the onset o f satiety  
are closely interconnected with those regulating the onset 
of appetite and ultimately they both control food intake. 
This article w ill d iscuss the currently accepted m odel of 
the regulation of food intake, by đetailing the peripheral 
inputs that are conveyed to the brain, w hich in turn 
integrates this information and triggers the appropriate 
behavioral response.

SATIETY A N D  APPETITE AS 
REGULATORS OF FO O D  INTAKE

In everyday parlance, the w ords life and energy are often  
used as synonym s. This com m on  use sou n d s scientific, 
because a close b iological relationship  ex ists betw een  
these two con cepts sin ce grow th, m etabolic processes, 
physical activity, and reproduction  w ould  be im possib le

w ithou t energy. Thus, the ability to m axim ize the bal- 
ance betw een  energy expenditure and energy intake 
represents the prim ary íactor in prom oting the survival 
and evo lu tion  o f a species. Less efficient processes 
w o u ld  ensure th e  P rogressive d isap p earan ce  of a species.

O ne o f the m ost íascinating biological characteris- 
tics o f hum ans is the ability to closely match energy 
intake w ith energy expenditure, w hich  should  prevent 
the on set o f m orbid obesity or m alnutrition. This ex- 
traordinary level o f precision can be illustrated by a few 
calcu lations. Over the course of a decade, the weight of 
an average adult tends to increase slightly whereas over 
the sam e p eriod , approxim ately 1 0  m illion  kilocalories 
are con su m ed . To account for the m odest change in 
w eight that is generally observed, energy intake must 
closely  m atch energy expenditure w ithin 0.17% per 
decade. An eííìc ien t regulatory systern m ust thereíore 
exist.

Behaviorally, energy intake is regulatecỉ by a sim ple  
m echanism , in volv in g  the cyclical occurrence o f spe- 
cific íeeling-associated  stim uli inform ing the individual 
w hen  a m eal sh ou ld  be initiated and w hen it should  be 
stopped. T w o anabolic stim uli regulate the start o f a 
m eal, each in dicating a specific need: hunger, w hich  
represents a m etabolic íeeling since it expresses a gen- 
eral need  for calories; and appetite, w hich  results mainly 
from cogn itive in pu ts because it expresses the need  for a 
sp eciíìc  food  and is thus related to the palatability of 
food, its texture, and one’s previous experience regard- 
ing that particular food. Similarlv, two catabolic stim uli 
control w h en  a m eal should  be stopped: satiation, re- 
presenting a “p hysica l” feeling since it expresses the 
íeeling  o f abdom inal íu llness that stops a meal; and 
satiety, a prim arily m etabolic feeling since it expresses 
the interprandial lack of any desire to start a new  meal. 
T hese basic íeeling-related  stim uli are controlled  and 
regulated by a very com p lex network, w hose integrating 
center is located  in the brain and principally in the 
hypothalam us. In health and disease, the control of 
food intake is based on  a com plex series of biochem icaỉ 
in teractions b etw een  the brain and the peripheral 
organs, usually  leading to appropriate food intake



behavioral responses. Indeed, the currently accepted  
m odel for the control of energy intake postulates that 
energy intake is m odulated  m ainly w ith in  the hypothal- 
arnus. This con tinu ously  regulates the energy status of  
the body by directly sensing the presence o f nutrients in 
the bloodstream  and by receiving afferent input from the 
periphery (oronasal, gut, liver, ad ipose tissue). A lso, 
m onoam ines, neuropeptides, and cytok ines produced  
in  the brain and the gastrointestinal (GI) tract during a 
m eal can directly or indirectly activate vagal afferents 
and m ediate m any o f the nutrients’ e íĩects on  appetite, 
gut íu nctions, anabolism , and catabolism . In the hypo- 
thalam us, speciRc neuronal p opu lations transduce 
these inputs into neuronal responses and, via second- 
order neuronal signaling pathways and efferent output, 
into behavioral responses.

PERIPHERAL SIGNALS  
IN FL U E N C IN G  SATIETY

To closely  regulate the cyclical recurrence o f hunger and 
satiety, the hypothalam us needs to be continuously  in- 
íorm ed about adipose tissue siatus, the activity o f the GI 
tract, and the m etabolic status o f peripheral tissues. To 
this end, a num ber of peripheral signals have evolved  to 
assist in  m aintaining the hom eostasis o f  energy intake 
(Fig. 1).

Adiposity Signals

T w o main adiposity signals exists, leptin  and insư- 
lin. Leptin is produced primarily by adipocytes and 
insulin  is secreted by the endocrine pancreas. Plasma 
concentrations o f  leptin  and in su lin  are proportionate to 
body fat mass. Both horm ones enter the brain via

Adiposity signals GI tract signals Metabolic signals

Periphery

Brain

V V  V
Hypothalamus

ISatiety/hunger

FIGURF. 1 Mechanisms controlling íbod intakc. The hypo- 
thalamus integrates a large number of inpuis relaying to the cenier 
ihc comprehensive status of peripheral lissues. Bascd on the anal- 
ysis of ihese biochemical, mechanical, and metabolic signals, the 
hypothalamus triggcrs the appropriatc hehavioral rcsponse, heing 
either the onsei of saũety, thus stopping a meal, or the onset of 
hungcr, ihus initiating a new meal.

speciRc receptors located on the b lo o d —brain barrier. 
A m ong them, leptin appears to exert a greater in ílụence  
on energy intake and a rise in  its circulating levels results 
in  inhib ition  o f energy intake and increasing energy  
expenditure. Similarly, in su lin  enters the brain from 
the circulation and acts to reduce energy intake. Leptin 
and insulin  receptors are expressed by brain neurons 
involved  in energy intake. A dm inistration o f either pep- 
tide directly into the brain reduces foocl intake, whereas 
their antagonists or a deficiency o f either horm one has 
the o p p o site  effect. Leptin an d  in su lin  ac t on Central 
effector pathvvays in  the hypothalam us, activaiing cat- 
abolic circuiis that inhibit íood  intake and increase en- 
ergy expendiiure, w hile sim ultaneously silen cin g  brain 
anabolic neural circuits that stim ulate eating and inhihit 
energy expenditure. C onversely, low  leptin  and insulin  
concentrations in the brain, w hich  occur during weight 
loss, stim ulate the activity o f anabolic neural pathways 
that enhance eating and suppress energy expenditure; 
low  concentrations o f leptin and insulin  also inhibit the 
activity of calabolic pathways thai cause anorexia and 
w eight loss.

GI Tract Signals

The Gl tract produces a num ber o f peptides in re- 
sponse to feecling and fasting, w hich act directly in the 
hypothaiam us. A m ong these, the m ost im portant are 
ghrelin and cholecystok in in  (CC.K).

Ghrelin

Ghrelin is a peptide/neuropeptide released from the 
slom ach  in response 10 ĩasting and stim ulates food in- 
take. lt is a ligand for the grow th horm one secretagogưe 
(GHS) receptor and w hen purified has 28 ami 110 acids. 
Ghrelin and its mRNA as w ell as the GHS receptors are 
expressed in the hypothalam us. Both peripheral and 
C en tra l ạdm inistration o f  ghrelin stim ulated  food intake 
and increased b ody w eigh i in íreely íeed ing  rodents. 
Ghrelin concentrations in  b lood  and its m RNA in stom- 
ach increase hy fasting and decrease by reíeeding and 
after Roux-en-Y gastric bypass surgery. The ingestion of 
sugar, but not gastric d istension , decreases circulating  
ghrelin concentrations. These datasugge-st that thc pres- 
ence of en d ogenous ghrelin  stim ulates the hvpothala- 
m us, indicating that ghrelin is thc íìrst appetite 
stim ulatory peptide produced by the oxyn tic cells of 
the stom ach that act as a neuropeptide in the hypo- 
thalamus.

Cholecỵstokinỉn

C holecystok in in  is an iniportant signal involvecl in 
the regulation o f food  intake. It is a satiety signal thai



acts as a paracrine substance to stim ulate pancreatic 
secretion  Via vagal cholinergic fibers, but ít also reaches 
the brain to exert its catabolic effect. In addition, CCK 
sensitizes vagal afferents to m echanical stim uli (e.g ., 
gastric d istcnsion) and potentiates the effects o f rne- 
chanical stim ulation on  m eal term ination. Indeed, the 
m echanical d istension  o f  abdom inal w alls, in  particular 
the gastric wall, is a p otent satiety signal that is prom ptly  
relayed to the brain Via neural afferents. Also, the pres- 
ence o f nutrients in the in testine inhibits eating and 
gastric em ptying.

Peptide y y .3 _ 3 6

The horm one PYY3 _ 36 is secreted by endocrine cells  
lin ing the distal sraall bow el and colon  in response to 
food. Its concentrations in the blood rem ain elevated  
betvveen m eals and thus it suppresses interprandial ap- 
petite. lt is a m em ber o f the neuropeptide Y (NPY) fam- 
ily, acting in the arcuate n ucleu s of the hypothalam us, 
where it binds speciíically  to the Y2 receptor. It mocỉu- 
lates the NPY/Agouti-related pcptide com p lex  (see 
b elow ).

Metabolic Signals

The onset o f satiety is controlled  not on ly  by the 
extension  of ad ipose tissue and by the presence of 
food w ithin thc GI tract hut by the m etabolic status 
of the body and the circulating levels o f som e nutrients.

Energy Signals

Li ke changes in fat m ass, changes in  hepatic 
energy m etabolism  in íluence energy intake in a leptin- 
independent m anner via energy signals relayed to the 
brain Via vagal afferents. A num ber o f stud ies suggest 
that a m etabolic control of food intake also exists, in 
w hich  the b iochem ical partitioning b etw een  íatty acid 
oxidation  and syn th esis represents a key signal indicat- 
ing catabolic or anabolic energy status. A llhough  appar- 
ently similar, ad iposity signals (i.e ., leptin  and insulin) 
and energy signals are different and speciíic . A diposity  
signals act as an acỉipostat and inform  the brain about the 
extension  of body fat m ass. Energy signals are indepen- 
dent of the leptin pathway and thus in dependent o f body  
m ass extern, bưt they inform  the brain about the m et- 
abolic sw itch occurring at a subcellular level betw een  
fatty acid oxidation  and synthesis. Further evidence for 
the involvem ent o f  energy signals in  the control o f en- 
ergy intake has recently b een  provided by findings 
shovving that system ic and intracerebroventricular  
treatm ent of m ice w ith  fatty acid synthase inhibitors 
leads to inhibition  o f íeed ing and w eight loss. More

speciíìcally , it appears that íatty acids are not the signal 
determ ining the cessation  o f energy intake but rather 
the intracellular levels o f  m alonylcoenzym e A: its intra- 
cellular accum ulation  inhibits energy intake and its de- 
pletion  restores encrgy intake. Fatty acid synthase 
inhibitors inhibit the expression  o f the prophagic 
signal NPY in the hypothalam us, acting in a leptin- 
independent mannér.

Nutrient-Reỉated Signals

G lu cose-sensitive cells are present in the endocrine 
pancreas, liver, and duodenum  and are innervated by 
vagal afferents projecting Via the vagus to the nucleus of 
the solitary tract (NT S). N eurons receptive to concen- 
trations o f g lu cose and othcr nutrients are present in 
several regions o f  the C entral autonom ic netw ork. C en
tral glucose receptors respond to other m etabolites (e.g., 
free fatty acicls) as w ell as changes in concentrations of 
insulin  and glucagon. G iucose concentrations probably  
aỉter neuronal firing via A TP-sensitive potassium  ion  
channels sim ilar to those present in the pancreas.

The m acronutrient com p osition  o f the diet may 
also prom ote the onset o f satiely  by m odulating brain 
m onoam ines in  the hypothalam ic sites involved  in food  
intake regulation, based on ihe com petitive uptake o f  
free iryptoplìan (Trp) w ith other large neutral am ino  
acids, particularly the branched-chain  am ino acids. 
Anim als con su m ing a high-carbohydrate com pared to 
a low -carbohydrate and h igh-protein  diet show  in- 
creased conccntrations of circulating Trp or tyrosine 
(Tyr). The m onoam in es in clu d e dopam ine (DA) and 
serotonin  (5-H T ), and the catecholam ines norepine- 
phrine (N E ) and ep inephrine (E). DA and NE are 
syn th esized  from Tyr and 5-HT is derived from Trp. 
The rate at w hich  they synthesize their neurotransm it- 
ters is in ílu en ced  by the precursor am ino acid concen- 
tration available to the neuron and is controlled  by an 
enzym e that is on ly  partly saturated w ith substrate at 
norm al brain am ino acid concentrations. Thereíore, the 
increase or decrease in  concentration  o f Trp or Tyr can 
in ílu en ce the synthesis o f 5-HT or DA and NE, respec- 
tively. A high-carbohydrate diet prom otes the uptake of 
Trp in to  the brain and its subsequent conversion  to
5-HT, w hich  then term inatcs the m eal and induces  
satiety. Carbohydrates term inate a m eal in  two ways, 
either via a d irect effect on  5-HT syn th esis or in  con- 
ju n ction  w ith  insulin , w hich  also affects 5-HT and its 
m etabolỉte. H ow ever, it m ust be em phasized  that under 
p hysiological con d itions, several neurotransm itters are 
involved  in food intake in itiation  and term ination. As 
an exam ple, DA regulates hunger and saticty by acting  
on corresponding reciprocal hypothalam ic areas: DA in



the lateral hypothalam ic area (LHA) has a positive  
stim uiatory effect on food intake by m odulating the 
size of a meal via changing gastric com pliance, 
whereas DA in the ventrom edial hypothalam us 
(VMH) inhibits LHA activity. On the other hand, in- 
creased intra-LHA and decreased-VM H serotonin  
levels are associated w ith the regulation of food intake. 
These m onoam ines íunction in close conjunction with  
the stim ulatory and inhibitory neuropeptides. Thus, 
the Central catabolic initiators interact with num erous 
íactors: psychological and physiological factors, pe- 
ripheral and C entral factors, as w ell as m onoam inergic 
and peptidergic factors.

HYPOTHALAMIC INTEGRATION OF 
PERIPHERAL SIGNALS

As previously noted, the hypothalam us plays a major 
role in the sequence of chem ical, autonom ic, and endo- 
crine events regulating food intake and m etabolism . N ot 
only does the hypothalam us contain glucose-sensitive  
neurons, it also is extensively vascularized and receives 
horm ones including gastrointestinal peptides via the 
circum ventricular organ. The hypothalam us receives 
viscero-sensory inpuis from vagal afferents, via a 
relay in the NTS and ventrolateral m edulla. Connec- 
tions of the hypothalam us with the lim bic cortex, amyg- 
đala, and nucleus accum bens allow  integration of 
peripheral in ĩorm ation w ith various cognitive and em o- 
tional íactors related to m em ory of the degree of plea- 
sure associated w ith food. Its autonom ic outputs are 
im poriant for the control o f interinediary m etabolism , 
including the concentrations of b lood glucose, free fatty 
acids, and am ino acids as w ell as the regulation of ihe 
endocrine pancreas.

Under normal conditions, peripheral signals (adi- 
posity signals, GI tract signals, and m etabolic signals) 
reach the hypothaìam us and directly or indirectlv inter- 
act with two separate neuronal populations: the NPY/ 
ẢgouLi-relaLed p ep tid e  (AgRP) n eu ro n s  and  the p ro - 
opiom elanocortin  (POMC) neurons. These neurons 
constitute two pathways, the íormer stim ulating and 
the latter inhibiting energv intake. As a consequence, 
w hen energy intake needs to be initiated, peripheral 
signals activate the NPY/AgRP pathvvay, sim ultaneously  
inhibiting the POMC pathway. W hen energy intake 
needs to be inhibited, the rise in peripheral signals in- 
hibits the NPY/AgRP pathwạy w hile sim ultaneously  
activating POMC neurons and thus up-regulating the 
expression of a num ber of POMC pathway-related  
factors, including ot-m elanocyte-stim ulating horm one 
(a-M SH), corticotropin-releasing íactor (CRF), and

cocaine- and am phetam ine-related transcript (CART). 
These catabolic and anabolic effector system s constitute  
a series of discrete neurotransm itter system s and axonal 
pathvvays in the brain, w hich  are concentrated in the 
arcuate n ucleu s (ARC) in the ventral hypothalam us.

Neuropeptide Y

A m ong the best-described anabolic effector peptides 
is NPY, a 36-am ino-acid  peptide. A lthough the NPY 
mRNA and the peptide are distributed throughout the 
Central n e rv o u s  system  w ith  a p a rticu la rly  h ig h  concen - 
tration in the hypothalam us, N PY-containing cell 
bodies in the ARC are especially  im portant in  the con- 
trol o f energy hom eostasis. Adm inistration o f exoge- 
nous NPY in  to the cerebral ventricle elicits a rapid 
increase in food intake and a decrease in  energy expen- 
diture. Repeated C e n tr a l adm inistration of NPY leads 
readily to obesity. Inhibition o f en d ogen ous NPY 
synthesis in the ARC by antisense o ligon u cleotides  
reduces íood intake and body weight.

Melanocortins

The catabolic effector system  POMC also resides 
w ithin the ARC. M elanocortins (M Cs) have the opposite  
effect as NPY. M elanocortins constitute a family of pep- 
tides includ ing ACTH, a-M SH, and CART and represent 
a growing list o f peptides ihat prom ote negative energy 
balance. N euronal synthesis o f these peptides increases 
in  response to increased adiposity signaling in the brain. 
A m ong these, the MC sýstem  is an im portant catabolic 
effector system  due to its com p lexity  in  energy hom eo- 
stasis. MCs are cleaved from  the POMC, a precursor 
m olecule, and exert their effects by b ind ing to m em bers 
of a íam ily o f MC receptors. Tw o MC receptors, MC3 
and MC4, have been  identified w ith in  the hypothalam us 
and are involved in the control o f  energy hom eostasis. 
Adm inistration o f OC-MSH and other MC receptor ago- 
nists into the third ventricle reduces food intake and 
body w eight, w hereas MC receptor antagonists (such as 
SH Ư -9119) increase food intake and body weight. In 
addition, the MC system  is im portant in m ediating  
the effects o f leptin , w hich  stim ulates POMC mRNA. 
POMC gene expression  is reduced in  negative energy 
balance and is con com itantly  increased in positive en- 
ergy balance. M oreover, the MC receptor antagonist 
blocks the effect o f leptin  in reducing food intake. 
These hypothalam ic con  troi system s suggest that the 
endogenous POM C/a-M SH/M C receptors are a key cat- 
abolic effector pathvvay capable o f  regulating the eííects 
on food intake and body w eight that m ediate the effect of 
adipositv signals in  the CNS.



SECO N D -O R D ER  N E U R O N A L  
SIG NALING  PATHW AYS

NPY/AgRP and POMC neurons largely project to other 
hypothalam ic areas, in clu d in g  the paraventricular nuc- 
leus (PV N ), LHA, and VMH, interacting w ith  a num ber 
o f neuronal p opulations. These hypothalam ic areas are 
involved  in the regulation o f  food  intake and energy 
expenditure via efferent pathways, in clu d in g  the control 
o f sym pathetic and parasym pathetic ou tp uts to the en- 
docrine pancreas and the adrenal gland. T hese pathways 
act as the íìnal “effector” m echan ism  con tro lỉing  food  
intake and inierm ediary m etabolism .

The PVN is the site o f integration and interaction of 
m ultip le in ílu en ces affecting GI íu n ction  and food in- 
take. Stim ulation o f  the PVN in íìu en ces gastric m otility  
and secretion via its con n ection s w ith  the dorsom edial 
hypothalam ic nucleus. C irculating g lu cocortico id s po- 
tentiate norepinephrine, w hich  acts o n  the PVN to stim - 
ulate carbohydrate intake. As described above, 
carbohydrate intake stim ulates the prod uction  of 5- 
HT and is inhibited  by 5-HT receptors, thereby explain- 
ing the anorexic effect o f 5-HT and the orexigen ic effect 
o f 5-HT antagonists. The PVN is also the m ain site where 
other peptides, in clu d in g  op io id s, act to increase the 
ingestion  of fat, w h ich  is attenuated by DA. This ex- 
plains both the an ti-orexigen ic e ííec ts o f dopam ine- 
releasing drugs su ch  as am phetam ine and the increase 
of fat intalcc and body w eìght gain observed as a side 
effect o f treatm ent w ith  dopam ine receptor-b lock ing  
neuroleptics.

M any pathways serving as secon d-ord er neuronal 
signaling pathways, w h ich  are im portant m ediators in 
the energy h om eostasis process, have been  described. 
They are also intim ately  lin k ed  w ith  m onoam in ergic co- 
receptors, suggestin g  their com b ined  role in the process 
o f catabolism  and anabolism . For exam ple, the PVN has 
neurons that syn th esize  CRF, thyrotropin-releasing  
horm one, and oxy tocin  and their adm inistration causes  
a nết catabolic effect. O n  the other hand, the LHA 
synthesizes m elanocyte-con centratin g  h orm one and 
the orexins and the adm inistration  o f these neuropep- 
tides into the C entral n e rv o u s  sy stem  cau ses a net 
anabolic response.

Corticotropin-Releasing Factor

C orticotropin-releasing factor, a 41-am ino-acid  
peptide, is a m ediator o f en docrine, au ton om ic, and 
im m une responses in stress, and activation o f the 
CRF system  is su ggested  to in du ce stress-related re- 
sponses in clu d ing  anorexia and an xiety-like behaviors. 
Two subtypes o f CRF receptors, CRF1 and CRF2

receptors, have been identified and cloned. Centrally 
adm inistered CRF decreases food intake in both  
CRF1 receptor null m ice and w ild-type control mice 
equally . These resu lts  suggest th a t Central CRF2 recep- 
tor may m ediate the appetite-suppressing eííects o f CRF 
and CRF-like peptides.

Urocortin

Ư rocortin, an edogenous CRF-reỉated peptide that 
has a m uch higher affìnity for the CRF2 receptor than 
CRF, induces m ore potent anorectic effects than CRF 
a íte r Central ad m in is tra tio n . A CRF2 recep to r-selective  
antagonist, antisauvagine-30, reverses or attenuates the 
effects o f urocortin and CRF on food intake and body  
weight.

Melanin-Concentrating Hormone and Orexins

O rexins (hypocreúns) and m elanin-coneentrating  
horm one (M CH), neuropeptides localized to the LHA, 
have an orexigenic effect after C entra l injection. Express- 
ion  of both MCH and orexin  mRNA is increased in re- 
sponse to ĩasting. M CH-deficient m ice reduce food  
intake and body w eight w ith an increase in m etabolic 
rate. O rexin knockout m ice are also hypophagic but have 
normal body w eight, indicating a difference in m eiabolic  
rate. These results suggest that these neuropeptides also  
play a role in the regulation o í energy hom eostasis.

SATIETY IN DISEASE

The clinical course o f a num ber o f acute and chronic 
diseases is characterized by the developm ent of a 
persistent form of satiety, w hich is called secondary 
anorexia and is different from anorexia nervosa, a neu- 
ropsychiatric disease. Anorexia is usually deíìned as the 
loss o f the desire to eat and leads to reduced food intake. 
ưnfortunately, anorexia and reduced food intake are 
oíten  neglected  issues in the clinical m anagem ent of 
patients, although they have a signifìcant negative irn- 
pact on m orbidity and mortality.

The neurochem ical m echanism s responsible for sec- 
ondary anorexia are still a matter of debate. H owever, a 
general con sensu s exists on  at least two issues related to 
its pathogenesis: ( 1 ) m ukiíactoriality and ( 2 ) a relation- 
sh ip  to d is tu rb a n c e s  o f  the p re v io u s ly  re v ie w e d  C entral 
m echanism s controlling food intake under norm al con- 
ditions. Thus, secondary anorexia m ight result from 
defective signals arising from the periphery, errors 
in the transduction process, or disturbances in the ac- 
tivity of the second-order neuronal signaling pathways. 
C onsistent data suggest that secondary anorexia m ight 
be triggered by cytokines, particularly by interleukin -1



(IL-1), IL-6 , tumor necrosis factor oc, and in teríeron-Ỵ , 
w hich are peptides involved in the m odulation of the 
im m une responsẹ, exerting biochem ical and behavioral 
effects. They are primarily produced by im inune system  
cells and their mRNA is overexpressed in the hypothal- 
am us of tumor-bearing or septic animals w ith  anorexia.

The m echanism s by w hich cytokines potentiate sa- 
tiety during illness are currently under investigation. 
However, it is likely ihat cytokines may play a pivotal 
role in long-term  inhibition of íeeding by m im icking the 
hypothalam ic effect of excessive negative íeedback sig- 
naling. This could be achieved by inhibition o f the NPY/ 
AgRP orẹxigenỉc network, as w ell as by persistent stim - 
ulation o f the POMC anorexigcnic pathway but also of 
olher networks, including hypothalam ic neurotrans- 
m ission. In this lighl, the link between cytok ines and 
brain m onoam inergic neurotransm ission is strength- 
ened by a num ber of lines of evidence indicating that 
cytokines, and particularly 1L-1, stim ulate the release of  
hypothalam lc 5-HT and DA, w hich directly stim ulate 
m elanocortins to induce anorexia. Both m onoam ines  
m oduiate neuronal activity via their action on  calcium  
channels. Neurotransm itters in lurn can also affecl IL-1- 
rnediated activities. More recently, it has been  show n  
that cytokines potentiate satiely by up-regulating the 
enzym e cyclooxygenase 2  in ihe brain, thus resulting  
in an overexpression o f  prostaglandin E2 (PG E2). PGE2 
may in turn act as a neurom odulator by in íluencing  
hypothalam ic m onoam inergic neurotransm ission.

It is also reasonable to speculaie that during illness  
the hypothalam us rnight iníluence skeletal m uscle wast- 
ing, ihus synergistically acting with the w ell-established  
peripheral cachectic íactors. As previouslv noted, the 
hypo tha lam us Controls not only energy in ta k e , b u t  also 
energy expenditure. In pure neurogenic m uscular in- 
volvem ent, m uscle w asting is secondarỵ to the activa- 
tion o f the same intracellular proteolytic pathways 
responsible for tum or-induced wasting. In elderly can- 
cer patients, changes in hypothalam ic-driven  
sympatho-vagal balance associated with w eight loss 
have been detected. It is thereíore tem pting to speculale  
that, duringillness, deranged hypothalam ic ac ti vi ty may 
not only corroborate anorexigenic pathways, but also 
send proteolytic signals to skeletal m uscles.
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E la h e  M o l la p o u r  a n d  M ic h a e l  A  S h e t z l in e  

Duke ưniversity  Medical Center

desensitization A rapid process thai results in the attenua- 
tion of G-protein-coupled receptor responsiveness, 
despite continuing agonist stimulation. 

G-protein-coupled receptor (GPCR) An integral membrane- 
bound protein that consists of a seven-transmembrane 
ot-helical domain. GPCRs are responsible for converting 
an extracellular signal to an intracellular message Via 
ligand bincling and activation oí heterotrimeric 
G-proteins.

G-proteins Heterotrimeric guanine nucleotide-binding pro- 
lẹins consisting of three subunits: a, [3, and 7 . G-proteins 
are regulatory molecules that mediate intracellular 
signaling pathvvays. 

hormone A Greek word meaning “to excite"; ú is used to 
describe a chemical messenger that induces a speciíic 
response in target cells đistant írom the site of synthesis. 

receptor A mole-cular structure wít.hin or on the suríace of a 
ccll ihat bincls to a speciíic ligand and initiates a cellular 
response. The Largesi class of receptors is the G-protein- 
coupled receptor íamily. 

second messenger An intracellular mediaior produced in 
response to the binding of agonist lo its speciHc receptor. 
These signaling moĩecules activate effector moìecưles 
either directly or Via activation of protein kinases. 
Examples of second messengers include cyclic AMP, 
Ca2+, and diacylglycerol. 

signaling A sequential process that results in conversion of 
an extracellular event into an iiuracellular message.

In 1902, Bayliss and Starling observed that a chemical 
substance in  upper intestinal extracts, w hen injecteđ  
into anesthetized dogs with denervated intestine, stim u- 
lated pancreatic secretion. The discovery of this íìrst hor- 
mone, natned secretin, was the beginning of the search for 
many otlier chem ical m essengers that, when released  
from one tissue, travel through the bloodstream and 
exert their effects on distant tissu es in the bođy.

Hence, the name hormone, a Greek vvord meaning arise 
to activity, was used to describe these chemical 
substances.

PEPTIDE

Secretin  is a basic 27-am ino-acid neuroendocrine  
polypeptid e, w ith a m olecular w eight o f 3055 Da 
(Table I). The gene encoding hum an prosecretin is 
m apped to chrom osom e 11 p 15.5. Secretin belongs to 
a íam ily o f  peptide horm ones with sim ilar am ino acicl 
sequ en ces, inciicating a com m on ancestral gene  
(Table II). The hu man secretin locus has four exons, 
w hich  en cod e a signal sequence, an N-term inal peptide, 
secretin , and  an am idated C-term inal extension peptide. 
The secretin  gen es from human, rat, porcine, guinea pig, 
and can ine have been sequenced and dem onstrate a high 
degree o f  evolutionary conservation.

TISSUE DISTRIBUTION

Secretin  is produced  and secreted m ainly from special- 
ized  cells , know n as s cells, in the villi o f the small 
in testine. The secretin-producing cells are found  
along the entire sm all intestine. Northern blot analysis 
has d etected  hum an secretin mRNA in the testis, sm all 
in testine, and sp leen , as w ell as in different areas o f the 
brain, w ith  the highest level in the m edulla.

RECEPTOR BIOLOGY

Secretin exerts its effects on its target organs via 
sp eciíìc  ce ll surfạce receptors. The secretin  receptor 
b elon gs to a unique s.ubfamily of receptors know n as

TABLE I Am ino Acid Sequence o f Secretin Peptides

H um an H S D G T F T S E L S R L R E G A R L Q R L L Q G L V
Do g  H S D G T F T S E L S R L R .  E S A R L Q R L L Q G L V
Rat  H S D G T F T S E L S R L Q D S A R L Q R L L Q G L V
C o w H S D G T F T S E L S R L R D S A R L Q R L L Q G L V
Pi g H S D G T F T S E L S R L R D S A R L Q R L L Q G L V
A vian H S D G L F T S E Y S K M R G N A Q V Q K F I Q N L M



TABLE II Secretin Family of Gastrointestinal Peptides

Secretin
G lucagon
Vasoactive in testinal peptide  
G lucagon-like p eptides 1 and 2 
G lucose-dependent insu linotropic polypeptide  
Pituitary aclenylate cyclase-acũvating polvpeptide  
Pcpticỉe h istid in e—iso leucine

G-protein-coupled recepiors (GPCRs), the largest 
íam ilỵ of receptors identiíied to date. The secretin re- 
ceptor contains seven m em brane-spanning oc-helices, 
an extracellular am ino-terniinus, and an intracellular 
carboxy-term inus (Fig. 1). This receptor is represen- 
tative of a receptor family that includes recepiors íor 
secretin, glucagon, vasoactive intestinal peptide, and 
many other gastrointestinal peptide receptors.

The secretin receptor shares a com m on m olecular 
architecture w ilh  other m em bers o f this íam ily of GPCRs 
(Table III). The overall primary structure o f the secretin 
receptor has several interesting íeatures; it consists of a 
long am ino-term inal dom ain thai is important for ligand 
binding and receptor aetivation, based on studies carried 
out w ith  either truncated or chim eric receptors. The 
N-term inal dom ain contains sites for possíble aspara- 
gine-lỉnked glycosylation (positions 72, 100, 106,

128, and 291). There are 10 extracellular cysteine  
residues, 2  of w hich are involved in linking the íìrst 
and second  extracellular loop s, as w ell as 7 highly con- 
served residues. Three exo loop s and three cytoplasm ic 
loops p lus a hydrophilic C-term inal dom ain separate the 
putative seven-transm em brane regions.

Ligand b inding to the N-terrainal of the secretin  
receptor results in cou p lin g  of heterotrim eric guanine 
nucleotide-bind ing proteins (G -proteins) at the 
C-terminal of the receptor. G -proteins are interm ediate 
regulatory m olecules that initiate the intracellular sig- 
nalingprocess. They consist of three subunits: a , p, and 
y. The b ind ing of secretin to its receptor prom otes the 
exchange o f GDP lor GTP on the Ga subunit, w hich  
allow s the separation o f Ga from the Gp.y subunit. The 
G -protein subunits then am plify intracellular signals 
with subsequent activation oí the effector m olecules  
sưch as adenylyl cyclase, phosphodiesterases, phospho- 
lipase A2, phospholipase c, and ion  channels (Fig. 2). 
These in turn produce second  m essengers, including  
cyclic AMP (cAM P), inositol 1,4,5-trisphosphate, and 
diacylglycerol.

Term ination of the secreiin receptor signal is just 
as im portant for balanced and norm al cellular function  
as the in itiation  o f signaling. In order to prevent re- 
ceptor overstim ulation, cells have evolved a Ỉeedback

PIGURE 1 Schem aiic representation o f the general structure o f  the secretin  rcccptor. T h is receptor  
contains a sevcn-transm em brane Ot-Helical region. The three in traceìlular loo p s arc im portant íor 
interaction vvith G -proteins and contain  m ulũp le phosphorviation  sites. The N -tcrm inal is im portam  
for ligancl b inding and contains N -linked  g lvcosylaũon  sites.



TABLE III The Secretin Family G-Protein-Coupled  
Receptors

Secretin receptor  
Parathyroid h o rm o n e receptor  
G lucagon  receptor  
D iuretic h orm on e receptor  
PACAP receptor  
Levikocyte an tigen  C D 97  
V asoactive in testin a l p ep tid e  receptor  
C alciton in  receptor
G lưcagori-like p ep tid e  1 and 2 receptors  
C ortico trop in -releasing  íactor receptot'
G row th h o rm o n e-re lea sin g  factor receptor  
Cell suríace g ly co p ro te in s  EMR1 and F 4 /8 0

heterologous desensúization  involves seconcì m essen- 
ger-dependenl protein kinases such as protein kinase A 
(PKA) or protein kinase c, acting on both aclive and 
unstim ulated receptors. It has been show n that GRK- 
speciíic phosphorylation is  involved in the rapid atten- 
uation of secretin receptor signaling in HEK 293 cẹlls, 
whereas secretin receptor internalization occurs via 
PKA-dependent phosphorylation in the sam e cell line.

The cDNA íor the secretin receptor has been clonecl 
from hum an, rat, and rabbit. The hum an secretin recep- 
tor consists o f 440  am ino acids w ith a m olecular w eight 
of approxim ately 49 kDa. The gene for the secretin  
receptor is localized  on hum an chrom osom e 2 q l4 .1 .

m echanism  called  d esen sitiza tion , by w hich  the recep- 
tor b ecom es less resp ọnsive to íurther stim ulation . The 
signal can be term inated either through receptor 
d ow n-reguỉation  or by a rapid p rocess thai in volves  
two different serin e/th reon in e protein  kinases: ( 1 ) 
G -protein -coupled  receptor k inases (GRKs) or (2) sec- 
ond m essenger-depend en t protein  k inases. In hom ol- 
ogous d esen sitiza tion , G RK -m ediated p hosp horylation  
of the secretin  recep to r Eacilitates the b ind ing  of cyto- 
solic proteins k now n  as P-arrestins to the receptor 
follow ed by receptor en d ocytosis. In contrast,

FU N C T IO N S

Over the years, secretin has been show n to elicit a varietv 
o f physiological actions, as w ell as íunctional responses 
at pharm acological serum  levels. These íunctions of 
secretin are classified as either stim ulatory or inhibitory, 
affecting organs such  as the pancreas, liver, and intes- 
tine. The essential role o f secretin  is to regulate pancre- 
atic íluicl and bicarbonate secretion, w hich results in 
neutralization o f acidic chym e from the stoìnach. Secre- 
tin is released from the sm all in tesúne in response to

Extracellular

Desensitization

Endocytosis

Recycling
Degradation

Intracellular

Receptor activation

FIGURE 2 B in d in g  o f  secretin  to its receptor resu lts in  the exch an ge o f  GDP lor GTP on  the G,y 
su b u n it w ith  su b seq u en t d isso c ia tio n  o f  Grt írom  the Gịiy su b u n it, vvhich activates G -protein  eíĩectors. 
P-A rrestin  b in d s to G R K -phosphorylatecl receptor and u n cou p les the receptor ĩrom  its G -protein , 
in itia tin g  receptor en d o cy to sis , w h ich  is  an im portant step  in receptor d ephosphorvlation  and  
recvclin g .



gastric acid and as duodenal pl I riscs, íurther releasc of 
secretin is curtailed vỉa a negativc lccdback m echanism . 
It has been reported  that acid-siimulated secretin release 
is m ediated by an endogenous secretin-releasing pep- 
tide that is sensitive to trypsin. This peptide stim ulates 
secretin release until sufficient pancreatic proteases de- 
grade secretin-releasing peptide and terminate secretin  
release. In addition, ingested fats stímulate secretin as 
they are converted to fatty acids in the gastrointestinal 
tract.

It has been show n that pharmacological concentra- 
tions of secreiin  have the ability to stim ulate gastric 
pepsin  secretion and inhibit gastric acid release, gastrin  
secretion, and m otility of ihe smaỉl intestine. Pharma- 
cological doses o f secretin have bcen shown to increase 
secretion o f a bicarbonate-rich íluicl Via the biliary tract, 
increase the low er esophageal sphincler pressưre, in- 
crease cardiac outpul, increase renal excretion, increase 
in su lin  release, and increase epidcrmal growth factor 
production  from Brunners gỉands in the duodenum . 
Secretin may also be involved in an early stage in the 
developm ent of enteroencỉocrine cclls.

Apart from its action on ihe pnncreas, secretin has 
been found in  the Central nervous system and may play a 
role in neurotransm ission. For example, secretin in- 
creases cAMP levels in diffcrem areas o f the brain. it 
has also been suggested thai secretin may act as a neu- 
rotransm itter through activation oí tvrosine hydrolase, 
an enzym e that is requirecl íor ihe syntlicsis of calecliol- 
am ines.

CLINICAL SIGNIFICANCE

Secretin has been used as a diagnoslic tool to evaluate 
digestive and pancreatic lunction. The most com m on  
clinical use o f secretin  has been in the diagnosis o f pa- 
tients w ith  Zollinger-Ellison syndrome (gastrinoma). In 
patients w ith  gastrinom a, administration o f secretin  
causes an increase in  gastrin reìease. Elevated serum  
gastrin levels are the basis for determining the presence  
of gastrin-producing tumors. ỉn íasting patients, base- 
line blood sam ples are taken 5 min prior to and im m e- 
diately prior to administration of secretin. Secretin  
[2 u n its /k g  intravenously (iv)] is givcn over a 30 s in- 
terval and serum  sam ples arc laken 2 and 5 min after 
irỹection and then at 5 m in inlervals íbr 20 min. Baseline 
serum  gastrin levels in patients with gastrinom a are 
usually greater than 150p g/m l. The iv secrelin stim u- 
lation  test produces a quick and subsiantial increase in 
serum  gastrin (> 2 0 0  pg/ml). A positivc response  
(> 2 0 0  pg/m l) occurs in over 95% oi patients w ith  
proven gastrinom a. H ow evei\ achlorhydria or proíound  
hypochlorhydria can rcsull in increascd íasting serum

gastrin levels and exaggerate the response to iv secretin  
stim ulation. Patients on acid-suppressive therapy 
should be studied  w h en  they are off these m edications. 
Since secretin  is a peptide horm one that increases the 
volum e and bicarbonate content o f pancreatic ju ice, 
patients w ith acute pancreatitis sh ou ld  not ha ve this 
tesl períorm ed.

Secretin is also used  to d iagnose pancreatic insuffi- 
ciencv and is given  during en d oscop ic retrograde cho- 
langiopancreatography to assist in ductaỉ cannulation.

The behavior o f  ch ildren  w ith  autism  has been stud- 
ied fo llow ing adm inistration o f secretin. Initial obser- 
vations in dicaiing that secretin  im proved  behavior and  
social interaction w ere not supported  in  a double-blind, 
placebo-controlled  study. Therefore, at present, there is 
no evidence to support a role for secretin  in the treat- 
nient o f autistic ch ild re n s  behavior. There are no  
know n d iseases o f  secretin.

SUMMARY

Secretin was the fìrst horm one to be discovered. It is 
produced prim arily by en d ocrine ce lls  o f the sm all in- 
testine and its prim ary action  is to regulate pancreatic 
íluid and electrolyte secretion. Secretin exerts its 
biological effects through sp eciíìc  cell surface receptors. 
Bincling o f secretin  to its receptor am pliíìes signals 
inside the cell, thus activating effector m olecules and 
incrcasing cAMP levels. Secreún is used clinically in the 
diagnosis o f gastrinom as and pancreatic insuffìcìency.
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Sensory Innervation
W e n  J ia n g , K irk  H ill sl ey , a n d  D a v id  G r u n d y  

The ưniversity o f Shejfield, United Kingdom

afferent íìber Nerve íìbers conductỉng sensory iníormation 
íroin ihc periphery to thc ccniral ncrvous systcm. In this 
coniext, “sẹnsory” does not necessarily imply sensation. 

dorsal root ganglia Cell bodies of spinal afferent neurones 
are located in sensory ganglia 011 the dorsal root of each 
spỉnal nerve. They prọịect centrally to ma ke synaptic 
conneetions in the spinal cord and peripherally to 
terminate in the viscera. 

enteric sensory neurones Located entirely within thc wall of 
the gastrointestinal tract, the enteric sensory neurones 
havc cell bodies in either the submucosai or mycnteric 
p k x u s  a n d  d o  n o t  p r o je c t  b e y o n d  th e  g u t  w a ll;  a lso  
reíerrecl Lo as in trinsic prim ary afferent neurones. 

nociceptor Sensory nerve endings that are stimulated by 
tissue injury and can give rise to pain. 

nodose ganglia Sensory ganglia contaìning the cell bodies of 
afferent neurones thai innervate the thoracic and 
ạbdominal viscera. These neurones project centrally to 
make synaptic connections in the nucleus of the tractus 
solitarius and peripherally to terminate in the viscera.

Sensory neurones are the information superhighvvay 
from  the g as tro in tes tin a l trac t to the Central nervous 
system . These neurones have term inations in the gut 
wall that are specialized to detect changes in the gut 
environm ent, and through the generation of trains o f ac- 
tion potentials convey the coded iníorm ation that keeps 
the Central nervous system  abreast o f events in the bowel.

Most of this information goes unperceived but is used to 
trigger reQexes that coordinate digestive activity 
according to the needs of the individual. Sensoiy iníor- 
mation also contributes to behavioral m echanisms, par- 
ticularly those involved in food assimilation, and are 
integral to satiety and anorexia. Sensory afferents also 
mediate sensations such as íullness, bloating, nausea, and 
discom íort. These sensations from the gastrointestinal 
tract, like visceral pain, generally tend to be vague and 
poorly iocalized, o ỉtẹn  being reíerred to som atic sites 
(derm atomes) because of the way visceral and somatic 
sensory inputs converge in the spinal cord. However, 
som e individuals have heightened visceraĩ sensitivity 
and this is a hallmark o f íunctional bowel disorders 
such as irritable bow el syndrome. These patients either 
generate aberrant sensory signals from the gastrointesti- 
nal tract or the normal signals associated with digestion  
are interpreted inappropriately (or there is a combination 
of both). Either way, the sensory innervation o f the gas- 
trointestinal tract has become a focus for considerable 
clinical and therapeutic interest.

INTRODUCTION

The gastrointestinal tract has to períorm  raaniíestly di- 
verse íunctions. It is responsible for the digestion and 
absorp tion  of nu trien ts  that are vital to an organism ^



survival. Yet, the íim ctional adaptations that íavor ab- 
sorption are also a d eíense liability. Central to these 
ostensibly conílicting tasks is the ability to m onitor 
the contents of the gastrointestinal lu m en  and various 
aspects o f the gastrointestinal íunction  in order to or- 
chestrate appropriate patterns o f m otility , secretion, 
and b lood flow that, on the one hand, íacilitate nutrient 
absorption and, on the other, rapidly d ilute and expel 
potentially harmful antigenic or pathogenic material 
through diarrhea and vom iting. The gastrointestinal 
sensory innervation plays a pivotal role in these 
processes.

SCALE OF THE SENSORY  
INNERVATION

The gastrointestinal tract has an extensive sensory  
innervation. These sensory neurones term inate at var- 
ious levels w ithin the gut wall, in clu d ing  m uscle, m uco- 
sal epithelia, and enteric ganglia. O ther endings 
terminate in the serosa and m esenteric attachm ents 
and form a dense network around m esenteric b lood  
vessels and thcir tribularies in the gut wall. Tbese var- 
ious endings m aintain a steady flow of afferent traffic to 
the Central nervous system  (C N S), relaling inform ation  
on activity both w ithin  and outside the gut wall. The 
sensory iníorm ation is conveyed to the CNS by separate 
vagal and spinal pathvvays to ihe brain stem  and spinal 
cord, where in íorm ation is processed and projected to 
higher brain areas. Because these afferent nerves run in 
bundles that contain the autonom ic outflow  [rom the 
CNS, they are often rcferred to as parasym pathelic and 
sym pathetic afferents, but this is som eth ing  o f a m isno- 
mer; these terms refer to m otor function. More 
correctỉy, the vagal, peỉvic, and sp lanchnic nerves are 
the routes these afferents follow  to the brain stem  and 
spinal cord. Vagal afferents are m ore prevalent in  the 
proxim al gut, and spinal, particularly p elvic, afferents 
predom inate in the distal gut.

Approximately 50 ,000  vagal afferent'S are estim ated  
to supply the gastrointestinal tract, outnum bering vagal 
parasympathetic efferent íibers by about 10: 1. There 
may be a sim ilar num ber o f spinal afferents, w ith about 
7% of sensory cell boclies in the dorsal root ganglia  
(DRG) proịecting to the viscera and a proportion  of 
these innervating ihe gastrointestinal (GI) tract. The 
nodose and DRG neurones have axons that proịect 
into the CNS, vvhere they synapse w ith  second-order  
neurones in the brain stem  and spinal cord, respectivelv.

Vagal and spinal afferent Hbers are generally unmy- 
elinated or thinly m yelinated fibers transm itting differ- 
ent aspects of sensory in íorm ation  at low  conduction

velocity  ( ~ l m / s e c ) .  Vagal neurones generally process  
physiological in íorm ation  (for exam ple, the nature and 
com p osition  o f the lum inal contents and the presence 
and am plitude o f on going m otor ac ti vi tỵ of the gut). In 
contrast, spinal neurones also process pathophysiolog- 
ical in íorm ation  (for exam ple, potentially n oxious m e- 
chanical or chem ical stim uli arising through tissue  
injury, ischem ia, and inflam m ation). However, vagal 
and spinal pathvvays are not entirely íunctionally sepa- 
rate, because there is som e overlap in their sensitivity, 
particularly betw een  vagal and pelvic afferents, 
and there is also som e interplay betw een these two  
pathways.

The enteric nervous system  also contains the cell 
b odies o f sensory neurones that pìay an integral role 
in the organization o f local reílexes. Of the m any  
m illions o f m yenteric neurones, an estim ated 30% are 
sensory, on the basis of their m orphology, chem ical 
p henotype, and electrophysiology. Thus the density  
o f the extrinsic nerve terminals in the bowel wall is 
sparse com pared to the term inals o f enteric sensory  
neurones. H ow ever, because these intrinsic afferents 
do not project beyond the bow el w all, they do not con- 
tribute to visceral sensations except indirectly as a con- 
sequence of reRex changes in secretion, blood flow > or 
m otor activity. O ther m yenteric neurones project out 
from the b ow el wall and are thereíore reíerred to as 
in testinoíugal íibers. These project to the prevertebral 
ganglia and m ake synaptic contact w ith postganglionic  
sym pathetic n eu ron es that project back to the intestinal 
w all, again w ithou t b ein g  directly involved in visceral 
perception.

SENSORY E N D IN G S

The m ajority o f gastrointestinal afferents terminate 
w ithin  the gut w all as bare nerve endings. Thus, the 
diííerential sensitiv ity  of afferents arises from their lo- 
cation  in  the gut w all, their relationship w ith other 
struetures, and the receptors and ion channels that 
they express.

Vagal Afferents

Vagal neu ron es term inate predom inantly in the mu- 
cosa and the m uscle. Afferent endings in thc m ưcosa are 
in close association  w ith the lamina propria adjunct to 
the m ucosal ep ithelium , but are never exposed directly  
to the con ten ts o f the lum en. Thus, vagal afferents 
w ithin  the m ucosa are in a p osition  to m onitor the 
Chemical nature o f lum inal contents either directly fol- 
low in g absorption across the m ucosal epithelium  or



indirectly via other cells in the ep itheliu m  that are ex- 
p osed  to lum ínal content. M ucosal afferents are also  
exquisitely  sensitive to any loca l m echanical stim ulation  
that deform s the m ucosal ep ithelium .

Vagal afferent endings in  the m uscle can be clas- 
siíìed  into two types: intram uscular arrays (IM As) and  
intraganglionic laminar end ings (IGLEs). IMAs are 
distributed w ith in  the m uscle sh eets, especially  in  
the longitudinal m uscle, parallel to the lon g  axes of 
m uscle fibers. They appear to m ake direct contact 
w ith  the m uscle íìbers, but they also course on , and  
íorm  appositions w ith  intram uscular interstitial ce lls o f  
Cajal, w hich  m ay play a role in  m echanotransduction. 
ĩGLEs are basketlike structures surrounding m yenteric 
ganglia. Because IGLEs are located  betw een  the circu- 
lar and longitudinal m uscle layers, they are exp osed  to 
shearing forces generated dưring m uscle stretch or 
contraction and have been suggested  to be a source 
of m echanosensitivity. E vidence su pp ortin g  this view  
has been elaborated recently by m apping the receptor 
fields of vagal afferent endings in  the esophagus and 
sh ow ing m orphologically  that these “hot sp ots” 
correspond to the locations o f  IGLEs. IGLEs are the 
primary candidates for con vey in g  m echanosensory  
iníorm ation relevant to d isten sion  and contraction  
o f the bow el wall. H owever, another in triguing possi- 
bility arising from the close p roxim ity  o í  IGLEs to the 
m yenteric ganglion  is that IGLEs are ch em osensitive , 
responding to neurotransm itters and neurom odulators  
released in to  the synaptic neurop il. In the absence o f  
clearly deíìned  synapses betw een IGLEs and m yenteric 
neurons, com m unication  m ay arise fo llow in g sim ple  
diffusion from  the site o f release to the afferent nerve 
terminals. M any cell types (neurons, gliaỉ cells, endo- 
thelium ) and m any different k ind s o f  substances  
(ions, purines, am ino acids, m onoam in es, peptides, 
gases) released through vesicu lar or nonvesicu lar  
m echanism s coulcl potentially  participate in  such  
com m unication.

Spinal Afferents

Spinal nerve terminals are distributed throughout 
the gut wall but are also located  in the serosa and m es- 
enteric attachm ents, often associated  w ith  raesenteric 
blood vessels. sp inal afferents are largely unm yelinated  
and have m ultip ỉe branching punctate en d ings that cor- 
respond to m ultip le receptive íìelds, often  extend ing  
over severạl visceral structures. Their location  and re- 
sponse characteristics suggest that sp inal afferents re- 
spond to d istortion  of the viscera during d istension  and  
contraetion. H ow ever, spinal afferent term inals are also  
íound in the m ucosa. These sp inal afferents respond to

m echanical stim ulation  and to the chem ical environ- 
m ent w ith in  the lam ina propria and in particular re- 
sp ond  to the changing chem ical m ilieu follow ing  
injury, ischem ia, or in íection .

Axon Reílexes

Spinal afferents have collateral branches that sup- 
ply b lood  vessels and innervate the enteric ganglia. 
T hese fibers ha ve a beaded appearance and are de- 
scribed as being varicose, w ith  the varicosities being  
the site o f  neurotransm itter storage and release. Acti- 
vation  o f an afferent term ỉnal causes an action poten- 
tial to be propagated centrally, but action potentials 
can also propagate dow n axon collaterals and stim u- 
late the release o f neurotransm itters in a local axon  
reflex, w hich  serves to m odulate blood flow and en- 
teric reũex pathways. The m ain transmitters present in 
sp inal afferents are calciton in  gene-relatecl peptide 
(CGRP) and substance p (SP), Both of these peptides 
are im plicated  in neurogen ic inílam m ation and so their 
release via axon  reílexes m ay be involved in the de- 
velop m en t o f  an inAam m atory response. In addition, 
CGRP released via local axon reAexes may play a cy- 
toprotective role by increasing b ìood  flow to the mu- 
cosa. A sm all proportion o f vagal afferent terminals 
also contain  CGRP and SP, and collateral axon  
branches have been described, but there is little func- 
tiơnal ev idence to suggest that axon reílexes occur in 
vagal neurones.

A D EQ U A TE STIM ULƯS A N D  
SIG N A L T R A N SD U C T IO N

T he early literature is Riled w ith  anecdotal evidence that 
gastrointestinal pain is dull, aching, ill-đefined, and 
badly localized . Stim uli su ch  as cutting, crushing, and 
burning, w hich  cause pain if applied  to the skìn, are not 
perceived  w hen  applied to patients with open colosto- 
m ies, for exam ple. O ne exp ỉanation  for this is that sen- 
sory in íorm ation  from the sk in  and viscera are processed  
differently in  the CNS. Brain im aging studies in hum ans 
have sh ow n  that, u n lik e som atic afferents, w hich on  
activation  cause the S l som atosensory cortex to “ìight 
u p ”, gastrointestinal stim ulation  leads to activation of 
secondary sọm atosensory areas, includ ing the anterior 
cingulate and preữ ontal cortex. This indicates that vis- 
ceral in íorm ation  activates d ivergent pathways in the 
CNS, ascen din g  in  the spinal cord via spinothalam ic 
and sp inoreticular pathw ays and also Via the dorsal col- 
um ns. VVithin the spinal cord, visceral and som atic in- 
puts can converge on to  the sam e second-order neurone.



This convergence gives rise to the phenom enon of re- 
ferred pain, whereby pain from visceral organs is felt at a 
rem ote area of the body, the classỉc exam ple being  
angina pain reíerred to the left shoulder.

Another im portant consideration when com paring  
visceral and som atic afferent sensitivity is that of ade- 
quate stim ulus. w h a t is adequate for one set o f sensory  
endings in  the gut may be inappropriate for another in 
the skin. A case in  point is that o f sensitivity to noxious  
heat. A heat-sensitive ion  channel w ith a threshold of 
about 42° c is present on a subset of som atic nociceptive  
neurones. This channel can also be opened by capsaicin, 
the pungent ingredient o f hot peppers, and is thereíore 
reíerred to as vanilloid receptor (VRi), a m em ber of the 
transient receptor potential (TRP) ỉam ily o f proteins. 
V R ị  is expressed by m ost gastrointestinal afferents, 
but the gut is unlikely to encounier tem peraiure suffi- 
cient to activate this channel, suggesting a role other 
than detecting body temperature. In this respect, pro- 
tons, at a pH <  6.8, are also know n to activate VRị and 
augm ent iherm osensitivity. Low extracellular pH oc- 
curs during tissue injury and ischem ia, but in  the GI 
tract, m ost obviously in the stom ach, a low  pH is the 
normal lum inal environm ent and proton sensitivity  
may have particular sign iíicance here. However, other 
ion  channels are sensitive to protons— for exam ple, 
m em bers o f the epithelial N a+ channel (ENaC) ỉam ily  
such as acid-sensing ion  channels (ASlCs) and som e 
m em bers of the P2X receptor íamily that respond to 
extracellular ATP.

Gut stim uli that readily cause perccption include 
bowel d istension and powerful contraction. These 
then are the adequate stim uli for gastrointestinal m ech- 
anosensitive afferents. The locations of sensory endings 
in  the m uscle and in the serosal and m esenteric attach- 
m ents are consistent w ith  this pattern of sensitivity be- 
cause d istension  and contraction will generate tensìon  
in the m uscle layers and concom itant distortion of the 
serosa and m esenteric attachm ents. The sensitivity to 
both stretch and contractions has led to the term “in- 
series tension receplor,” im plying that, by analogy with  
Golgi tendon organs in skeletal m uscle, the sensory  
endings are linked to gut wall connective tissue ele- 
m ents that transmit tension during contraction or 
when stretched. H owever, as previously discussed, 
ih e IGLEs that lie in parallel w ith the m uscle appear 
to be the m orphological substrate for tension receptors, 
and thus “in-series” sensitivity may reside in an “in-par- 
a lle r  location, probably because of the shear íorces that 
are generated w ithin  the tissue. The sam e mav be true for 
serosal and m esenteric afferents, w hich are clearly not in 
series with the m uscle and in m any cases are actually  
outside the bow el wall. Thus, sensitivity to clistension

and contraction arises in  these endings as a con sequ en ce  
o f the distortion o f these structures as the bow el w all 
m oves.

Such m echanical deform ations are the basis o f  
m echanosensitivity, w hich  is clearly im portant both  
for the reílex m echanism s that control gastrointestinal 
function and for visceral pain Processing. M echanosen- 
sitivitv can arise indirectly as a consequence of m echan- 
ical forces, causing the release of a chem ical m ediator 
that in turn acts on a receptor present on the afferent 
nerve terminal. ATP, potentially one such  substance  
that is released by m echanical distortion, can act on  
P2X receptors on the nerve terminal. The P2X re- 
ceptor is an ion channel that, on activation, leads to 
depolarization and the generation of action potentials. 
Ln contrast, direct m echanosensitivity ariseii becausc of 
the presence of m echanically sensitive ion channels in 
the nerve tenninal membrane. M echanical deíorm ation  
of the nerve end ingleads to the op en in gor c lo sin g o í ion  
channels, allow ing charged m olecules to pass in or out 
oí the cell, which in turn ìeads to an alteration in the 
excitability of the nerve terminal. A variety of m echa- 
nosensilive ion channels have been identiíìed, including  
a class o f receptors exem pliiìed  by the ENaC/degenerin  
íamily. However, al present, the ion channels and re- 
ceptors that underlie m echanosensitivity in ihe gastro- 
intestinal tract remain unknow n.

STIM U LUS—RESPONSE FU N C T IO N

T herelationsh ipbetw eenthe in tensityofstim ulation and  
the degrec of activation of sensory aĩĩerent is know n as 
the stim ulu s—response íunction. Afferent inỉorm ation  
conveyed by spinal and vagal m echanosensitive afferents 
is som ew hat different in  its sensory—response function, 
as revealed by direct electrophysiological recordings of 
afferent traffic en route to the CNS. W hen the b ow el is 
distended, vagal m uscle m echanoreceptors ha ve low  
thresholds of aclivation, responding to pressure rises 
of just a few m illim eters of Hg, and reach m axim al re- 
sponses w ithin  physiological levels of d istension. These 
are referrcd to as low -threshold m echanoreceptors and 
convey in íorm ation relating to normal physiological 
events in the bowel. These endings also respond during  
contraction and thereíore signal to the CNS in íorm alion  
relevant to each and every contraction ihat occurs any- 
whcre along the lcngth of the GI tract. M any spinal af- 
íerents also have low  thresholds for activation but 
continue to respond beyond thc physiological range 
and thus encode both physiological and noxious levels 
ol stim ulation; these are called wide-dynam ic-range  
fibers. These spinal endings can contribute to signaling  
visceral pain through som e intensi ty code that recognizes



ex tre m e  ìevels oí d is ten sio n  o r co n trac tio n . O th er sp inal 
a fferen ts , particu larly  those  w ith  end ings in  the serosa 
an d  m esen te ric  a ttach m cn ts , re sp o n d  on ly  to nox io u s 
levels o f d is ten s io n  (h ig h -th re sh o ld  m ech an o recep to rs ) 
an d  are  re íe rred  to  as n o cicep to rs . T hese  on ly  re sp o n d  
w h en  the bow el is o v erd is ten d ed  o r  d u r in g  pow erfu l 
contraction-s that d is to rt the bovvel.

T he íac to rs  iha t d e te rm in e  the sensitiv ity  o f low , 
w icle-dynam ie-range, and  h ig h -th re sh o ld  m echanosen - 
s itiv ity  m ay  inc lude  the  lo c a tio n o í the en d in g s  w ith in  the 
bovvel w all, the  la tte r  being  in ílu en ced  by the ex tern  to 
w h ich  m echan ica l ío rces are d is trib u ted  an d  d iss ipated  
hy n o n n eu ra l s tru c iu re s  in  the bow el wall. D ifferent 
m ech an o sen sitiv e  ch an n e ls  m ay also  e o n trib u te  to 
th e ir  d if fe re n ts tim u lu s—response íu n c tio n s. An ex trem e 
ex a in p le  of m echanosensitiv ity  has been  d escribed  in 
se n so ry  end ings th a t fail to responcl even  to severe levels 
o f d is ten sio n . T hese arc the  “sleep in g ,” o r silen t, noci- 
ce p to rs , w h ich  can be avvakened to becom e m echan ica lly  
sensilive  u n d e r co n d itio n s of inj u ry  or in ílam m aú o n  (see 
la te r) . T he la tte r illu stra te  the fact th a t m echanosensitiv - 
i ty  is n o t fì xed e ith e r  in  te rm s of th re sh o ld  for ac tiva tion  or 
in  gain in the s tim u lu s—resp o n se  re la tio n sh ip , an d  as 
su c h  the th resh o ld  can  be reduced  an d  ihe  gain  increased  
a íte r  in ju ry  or d u rin g  in flam m ation . ư n d e r  these condi- 
tio n s , the a ííe ren ts  a re  sensiiized  an d  th is  p rocess is be- 
lieved to u n d c rly in g  hypersensitiv ity  obse rveđ  in  som e 
clin ical cond itions.

CHEM OSENSITIVITY

An e n o rm o u s range  of chem ical in ed ia to rs  can  in íìuence  
the  sensitiv ity  o í v isceral afferents. L um inal n u tr ie n ts , 
for exam ple , are tran sfe rred  across th e  ep ith e liu m  to 
reach  the a ííe ren t nerve te rm in als  th a t lie in  the lam ina 
p ro p ria . O th er chem icals are released  írom  w ith in  the 
ep ith e lia  ío llow ing  d e tec tio n  o f ce rta in  co n ten ts  o f the 
in te s tin a l ỉu m en  an d  are im p o rta n t for in itia tin g  reílex  
m ech an ism s th a t o p tim ize  d igestion  a n d  ab so rp tio n  or 
trigger ex p u lsio n  via vom iting  o r d ia rrh ea . Yet o th e r  
chem icals  are released  from  the  m any  an d  v aried  cell 
types th a t are p re se n t in the  g u t w all an d  th a t are 
p a r t  of the p rocess o f im m u n e  surveillance. 
E ỉectrophysio log ica l, im m u n o cy to ch em ica l, and  m o- 
lecu la r b io log ical tech n iq u es have revealed  the func- 
tio n a l ex p ressio n  of recep to rs  to various m ed ia to rs  on  
the cell b o d ie s  of visceral senso ry  n e u ro n s  in  the dorsal 
ro o t o r n o d o se  ganglia o r o n  th e ir  p rocesses in  the  gu t 
wall. T hese d iverse  m ed ia to rs , w h ich  inc lude  am ines, 
p u rin es , p ro stan o id s, p ro teases , an d  ey tok ines (Fig. 1), 
procỉuce th e ir  effects ơn  visceral afferen t nerves by th ree  
d is tin c t p rocesses: (1) by d irec t ac tiva tion , vvhich u lti- 
m atelv  involves the o p en in g  of ion  ch an n e ls  p re se n t on

the nerve te rm in ais , (2) by sensitiza tion , w h ich  m ay 
occu r in  the absence of a d irec t s tim u la tio n , b u t 
w h ich  u su a lly  resu lts  in afferent hy p erex citab ility  to 
b o th  chem ical an d  m echan ica l m oda lities ( th is  m ay 
arise  fo llow ing  G -p ro te in -co u p led  a lte ra tio n s in  second  
m essenger system s, w h ich  often  lead  to p h o sp h o ry la - 
tion  of m em b ran e  recep to rs  an d  io n  ch an n e ls  th a t con- 
tro i exc itab ility ), an d  (3) by aỉtering  the p h en o ty p e  of 
the afferen t nerve— for exam ple , th ro u g h  a lte ra tio n s in  
the  ex p ressio n  of m ed ia to rs, ch an n els , an d  recep to rs  o r 
m o d u la tin g  the  activ ity  of ihese by  ch ang ing  the  ligand- 
b in d in g  ch a rac teris tics  o r coup ling  effìciency of o th e r  
recep to rs. N eu ro tro p in s , in  p a rticu la r nerve g ro w th  fac- 
to r (N G F) an d  glial ce ll-derived  n e u ro tro p ic  íacto r 
(G D N F), in ílu en ce  d iffe ren t p o p u la tio n s of visceral af- 
íe ren ts  an d  play an  im p o rta n t ro le  in  adap tive  responses 
to n erve  in ịu ry  an d  in ílam m ation .

Chemotransduction

M ed ia to rs  th a t p rơ d u ce  a d irec t s tim u la tio n  of vis- 
ceral sen so ry  nerve en d in g s m ay do  so  as p a rt o f a dis- 
cre te  sen so ry  signa ling  pathw ay. In  th is  case, the 
afferen t n eu ro n e  does n o t re sp o n d  d irec tly  to  a partic- 
u la r sũ m u lu s , b u t does so fo llow ing the release of a 
m ed ia to r from  a n o th e r  cell tha t íu n c tio n s  as the  sensory  
d e tec to r. O ne exam ple  o f such  p rim ary  sen so ry  cells is 
the  gu sta to ry  recep to rs  on  the tongue. C ells sub serv in g  a 
s im ilar íu n c tio n  in  the gut, and o ften  re íe rred  to as 
in te stin a l “ta ste” cells, in c lu d e  en tero ch ro m affin  (EC) 
cells, w h ich  release 5 -h y d ro x y try p tam in e  (5 -H T ), and 
en te ro en d o c rin e  cells, w h ich  release m any  pep tides , 
in c lu d in g  ch o lecy sto k in in  (C C K ), p ep tid e  YY (PYY), 
secre tin , an d  m ela ton in . T he ap ical tu ft o f m icrovilli 
on  these cells is exposed  to the in te stin a l lu m en  and  
is p ro p o sed  to  m o n ito r  lum inal con ten ts ; in  response 
to an  a p p ro p ria te  s tim u lu s, it releases the co n ten ts  of 
sto rage g ran u le s  across the baso lateral m em b ran e  to 
s tim u la te  afferen t te rm in als  in  close p ro x im ity  w ith in  
the lam ina  p ro p ria . E vidence suggests tha t these differ- 
e n t m ed ia to rs  m ay ac t on  d is tin c t su b p o p u la tio n s  of 
vagal m ucosal afferen t nerves. As such , th is sensitiv ity  
rep resen ts  an  exam ple  of a h igh-fidelity , m odality - 
speciíìc  signal tran sd u c tio n  pathw ay. T h is m echa- 
n ism , m ore  th an  likely , íu n c tio n s  in  the d e tec tio n  of 
m o m e n t-to -m o m e n t changes in  lu m in a l com position  
and  opera tes, in  the  m ain , below  the  level o f conscious- 
ness. H ow ever, 5-H T derived  from  the  in te stin a l m u- 
cosa, ac ting  on  vagal afferen t fibers, is im p lica ted  in  
p ro tec tio n  from  ingested  tox ins an d  is a pow erfu l trigger 
for vo ra itin g  an d  the  associa ted  nausea. ĩn  con trast, 
CCK is a sa tie ty  h o rm o n e  th a t via vagal ac tivation  
plays a p ivo ta l ro le  in  the co n tro l o f food in take. In
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F IG U R E  1 Som e o f the potential receptor m ech an ism s un d erly in g  activation  and sensitiza tion  
o f gastroin iestinal sensory  afferents. M ediators su ch  as sero io n in  (5 -hydroxytryptam ine; 5-H T) 
cause activation , w hereas others, su ch  as prostaglandin  E2 (PG E 2), sen sitize  visceral afferent 
resp onses to o ther stim uỉi. O thers still, e .g ., ad en osin e  (A d en o ), cause b oth  stim u la tion  and sen- 
sitiza tion , p o ss ib ly  ihrough d istin ct receptor m ech an ism s. Bradykinin has a se lf-sen sitiz in g  action , 
stim ulatin g  d ischarge through activation  o f  p h o sp h o lip ase  c (PLC) and en h an cin g  excitab ility  Via 
prostag land ins (PG s) fo llow in g  activation  o f  p h o sp h o lip ase  A2 (PLA2). Iníìam m atory m ediators  
can be released from different ce ll types (e .g ., sym p athetic  nerves, m ast cells, and b lood  vesse ls) 
present in or around the aííercnt nerve term inal. 5-H T , ad en osin e  triphosphate (A T P), and cap- 
sa ic in  (C ap) can d irectly  activate n on se lec tiv e  cation  ch a n n els (N SC C s) w h ereas ad en osin e , his- 
tam ine, p rostagland ins (n o t P G E 2), and proteases su ch  as m ast ce ll tryptase (T ryp) and throm bin  
(T hro) act on  G -protein -cou p led  receptors, lead in g  to a C a2+-d ep en d en t m od u la tion  o f  ion  channel 
activity. Sensitization , how ever, may be m ediated  by eleva ied  levels o f  in tracellular cyclic  ad en osin e  
3 / ,5 /-m on op h osp h ate  (cAM P). A d en osin e  and PGE2 can generate cAM P directly  through  G -pro- 
te in -cou p led  stim u la tion  o f adenylate cyclase (A C ). In contrast, h istam in e m ay act in d irectly  
through the gen eration  o f  prostaglandins. T he a ction s o f  cAM P dow nstream  m ay in vo lve  m odu -  
lation  o f  ion  ch an n els, in teraction  w ith  o ther secon d  m essen gers (e .g ., C a2+), or even  ch an ges in  
rcceptor exp ression . O ther abbreviations: VRị , van illo id  receptor; PARs, protease-activated  recep- 
tors; PKC, protein  k inase C; BK, bradykinin; C O X -1, C O X -2, cyclooxygen ase-1  and -2; AA, ar- 
a ch id on ic acid; DAG , d iacylglycerol; IP3, in osito l 1 ,4 ,5 -trisp hosp h ate. M od iốed  from  K irkup et aỉ.
(2 0 0 1 ) , w ith  p erm ission  from the A m erican P h ysio log ica l Society.

th is respec t, rec en t d a ta  suggest th a t o th e r sa tie ty  fac- 
to rs, e.g., lep tin s, o rex in s, an d  g h re lin , m ay in te rac t w ith  
CCK signals a t th e  level o f th e  vagal afferen t nen^e 
te rm inal.

A lso ỉm p lica ted  in senso ry  signal tran sd u c tio n  are 
th e  ep ith e lia l “b ru sh  cells .” T hese  differ from  EC cells in  
th a t th ey  do no t have sto rage  g ranu les  w ith in  the 
b aso la te ra l asp ec t o f the cell. T hey  are m o rp h o lo g ica lly  
s im ila r to  rec ep to r  cells w ith in  lingua l taste  b u d s  
an d  ex p ress  s im ila r G -p ro te in -co u p le d  rec ep to rs  ( ío r

exam ple , a -g u s td u c in ) , suggesting  they  play a ro le  in 
chem o sen sitiv ity . H ow ever, the w ay  in  w h ich  b ru sh  
cells tran s íe r  these  signals  to sen so ry  afferen ts is cur- 
ren tly  u n k n o w n .

Promiscuous Chem osensitivity

In  c o n tra s t to th e  speciíìc  sig n a lin g  pathw ays iha t 
exist in  vagal m u co sa l a fferen ts , it is a p p a re n t th a t a 
b a tte ry  o f m e d ia to rs  can  inA uence th e  sensitiv ity  of



sp ina l afferents in  a m o re  p ro m isc u o u s  m a n n er. S uch  
su b stan ces are u su a lly  re leased  u n d e r  co n d itio n s  of 
in ílam m ation , in ju ry , o r  ischem ia fro m  a p le th o ra  of 
cell types, e.g., p la te le ts , leu k o cy te s , lym phocy tes , m ac- 
rophages, m ast cells, glia , íìb rob lasts , b lo o d  vessel cells, 
m usc le  cells, a n d  n e u ro n s . E ach  o f these  speciR c cells 
(e.g., m ast cells) m ay re lease  severa l o f these  m o d u la tin g  
agents, som e o f w h ich  m ay ac t d irec tly  on  th e  sen so ry  
nerve te rm inal an d  som e o í w h ich  m ay ac t in d irec tly , 
fo llow ing  release o f o th e r  agen ts from  o th e r  cells in  a 
series of cascades.

T he n e t effect of th is  p ro m isc u o u s  ch em o sen sitiv itv  
is tha t the p ro p e rtie s  o f se n so ry  n e u ro n e s  ca n  change  
(o ften  re íe rred  to as p la s tic ity ). O f c lin ica l rc levance is 
the  inc reased  sensitiv ity  to  b o th  m echan ica l and  chem - 
ical s tim u la tio n  th a t m ay c o n tr ib u te  to  ch ro n ic  p a ìn  
States. M oreover, becau se  these  afferen ts also serve to 
trigger reílex m e ch a n ism s th a t co n tro l an d  co o rd in a te  
gut íu n c tio n , th e ir  se n s itiz a tio n  m ay also  cause  h yper- 
o r dysreílex ia . S ensory  n e u ro n a l p lastic ity  m ay ha ve a 
rap id  onse t, an d  th is  is d e sc rib ed  as p e r ip h e ra l sensiti-  
za tion  because th e  ch an g es take place a t th e  level o f the 
sensory  nerve te rm in a l fo llow ing  release o f  a g rea t m any  
algesic chem icais. Som e o f the key m ed ia to rs , th e ir  cel- 
lu la r source , an d  th e ir  ac tio n  o n  v isceral a ííe ren ts  are 
illu stra ted  in  Fig. 1. F o llo w in g  se n sitiz a tio n , th e re  is a 
leftw ard  sh ift in  the s tim u lu s —resp o n se  íu n c tio n , w h ich  
m eans tha t for a g iven  level o í  s tim u la tỉo n , th e re  is a 
g rea te r a fferen t barrag e  g en e ra ted . T h is  can  give rise  to 
a ltered  p e rc e p tio n  su ch  th a t s tim u li th a t are  no rm ally  
in n o cu o u s can  cause p a in  an d  the re sp o n se  to a p a in íu l 
stim u lu s becom es ex ag g era ted  (h y p era lg esia ). P eriph- 
era l sen s itiza tio n  n o rm a lly  d ev e lo p s rap id ly  a n d  is 
relatively  sh o rt-liv ed . H ow ever, in  th e  p resen ce  of 
m a in ta in ed  in ju ry  o r  in ílam m atio n , th e  se n s itiz a tio n  
can be p ro lo n g ed , and  th is  d e p e n d s  on  changes in 
gene cxp ression . G enes in ílu en c ed  in  th is  w ay in c lu d e  
those tha t d e te rm in e  the a m o u n t a n d  p a tte rn  o f n eu ro -  
tran sm itte rs  re leased  from  the  Central n erve  te rm in als  in  
the b rain  a n d  sp in a l co rd , th u s  a lte rin g  the w ay sen so ry  
s ignals are re lay ed  w ith in  th e  CNS. T h is  is th c  basis of 
Central se n sitiza tio n . O th e r  genes in ũ u e n c e  signal trans- 
d u c tio n  an d  sen so ry  n e u ro n a l exc itab ility . V oltage- 
gated  so d iu m  ch a n n e ls  a re  One exam ple  o f a fam ily  of 
io n  channel, som e o f w h ich  p lay  an  im p o r ta n t ro le  in 
reg u la tin g  p a in  th resh o ld s .

C O N C L U SIO N

A fferent fibers convey  a vast a m o u n t o f sen so ry  in fo r- 
m ation  to the b ra in  stem  an d  sp ina l co rd , b u t the  n a tu re  
of th is  in fo rm atio n  is d iffe ren t for vagal an d  sp in a l p a th - 
w ays. Vagal a fferen ts convey  p re d o m in a n tly  physio log- 
ical in íọ rm a tio n , w h ereas sp in a l afferen ts are a lso  ab le to 
encode  n o x io u s  events. T hese  sp ina l n o c ice p to rs  are 
in ílu en c ed  by p e rip h e ra lly  ac tin g  chem ica ls , re leased  
d u rin g  in ílam m atio n  an d  in ju ĩy , w h ich  are th o u g h t to 
irigger th e  p ro cesses  lead in g  to se n s itiz a tio n  an d  in- 
creased  n o cicep tiv e  activ ity . O th e r  ch em icals  ac t in  a 
m ore  selective w ay to ac tiva te  vagal afferen ts an d  are 
im p lica ted  in  n u tr ie n t  s ig n a lin g  from  the  GI tract.

See Also the Following Articles

A utonom ic ln n ervation  •  Brain—G ut A xis •  C alc iton in  G ene- 
Related P eptide (CG RP) •  C h o lecy sto k in in  (CC K ) •  Enteric  
N ervou s System  •  In terstitia l C e lls  o f  Cạjal •  Parasym pa- 
thetic  Innervation  •  Su bstance  p •  V agus N erve

Further Reading

Boucher, T. J., and McM ahon, s . B. (2001). Neurotrophic factors and 
neuropathic pain. C u n . Opin. Pharmacol. 1 (1), 6 6 —72.

Đuchan, A. M. (2000). Nutrient tasting and signaling m echanism s in 
the gut III. Endocrine cell recognition of luminal nutrients. Am. 
J. Physioỉ. Gast.roint.est. L iver Physiol. 277 , G 1 1 0 3 -G 1 1 0 7 . 

Ccrvero, F., and Laird, J. M. (1999). Visccral pain. Lancet 353, 
2 1 4 5 -2 1 4 8 .

Gebhart, G. F. (2000). Pathobiology o í visceral pain: Molecular 
m echanìsms and therapeutic im plications IV. Visceral aĩíerent 
contributions the pathobiology of visceral pain. Am. J. Physiol. 
Gcistrointest. L iver Physiol. 278 , G 834—G838.

Hoỉzer, p. (2001). Gastrointestinal afferents as targets o f novel drưgs 
for the treatmeni o f íunctional bow el disorders and visceral 
pain. Eur. J. Pharmacoỉ. 4 2 9 , 177—193.

Kirkup, A. ].,  Brunsden, A. M., and Grundy, D. (2001). Receptors 
and transmission in the brain—gui axis: PoLential for novel 
therapies. I. Rcceptors on vísceral afferenis. Am . J. PhysioL 
Gastrointest. Liver Physioỉ. 280 , G 787—G794.

Raybould, H. E. (1998). Does your gut taste? Sensory transduction in 
the gạstrointestinal tract. Ncvvs Physioỉ. S ã .  13, 2 7 5 —280. 

W ood, J. N. (2000). Pathobiology o f visceral pain: M olecular 
m echanism s and therapeutic im plications II. Genetic ap- 
p roaches to pain  therapv . Am. J. Physioỉ. Gastrointest. Liver 
P hysio l 278, G 5 0 7 -G 5 1 2 .

Zagorodnyuk, V. p., and Brookes, s. J. (2000). Transduction sites of 
vagal m echanoreceptors in the guinea pig esophagus. J. N eu ro sã .
20, 6 2 4 9 -6 2 5 5 .



Serotonin
J e ro m e  M. F e ld m a n  

Duke ưniversity Medicaỉ Center

APUDoma Amine precursor uptake and decarboxylation 
tumor; another name for neuroendocrine tumor. 

argentaffìn cells Containing a potent reducing agent, usually 
serotonin, that reduces acỉded silver salts to a black 
pigment in a manner analogous to development of 
photographic film. 

argyrophil cells Neuroendocrine in nature, but do not store 
serotonin; after exposure to silver salts, an external 
reducing agent has to be added to reduce the silver salts 
to a biack pigment. 

body mass index Measure o íbody fat, derived as (weight in 
kilograms)/(height meters)2 or (weight in pounds)/ 
(height inches)2 X 703.1. A body mass index of 30 .0— 
34.9 is obese; >  40 is extremely obese. 

carcinoid tumors Arise from the neuroendocrine cells found 
throughout the body; the most írequent origin is from 
the gastrointestinal tract or bronchus. Many, but not ali, 
release neurohormonal agents such as serotonin. 

diarrhea Increase in írequency, vveight, or consistency of 
stools; patients with stool weights of greater than 200 g/ 
day are usually considered to have diarrhea. 

enterochromaffìn cells Diffuse system of cells in the 
submucosa of the intestinal tract; contain potent 
reducing agents, such as serotonin or epinephrine, 
which can reduce chromium salts that are added during 
tissue íìxation. This forms a brown pigment that is visible 
in the cells when they are examined with a microscope. 

irritable bowel syndrome Part of the group of íunctional 
gastrointestinal disorders seen írequently by gastroenter- 
ologists; patients have chronic and recurrent gastro- 
intestinal symptoms such as abdominal pain, bloating, 
diarrhea, and constipation. Because therc is no known 
structural basis, the syndrome is thoughl to be due to 
altered sensory or m otor regulation o f  the gastrointest- 
inal tract.

neuroendocrine system Group of cells w ith  both neural and 
endocrine characteristics; thought to arise from cells that 
migrate from the dorsal neural crest area of the embryo 
during embryological development. 

n e u r o e n d o c r in e  tu m o r s  C an arise [rom  thc cells o f  the  
neuroendocrine system; include carcinoid lu m o r s , pheo- 
chrom ocytom as, pancreaũc islet ceìl tum ors, and me- 
dullary carcinoma of the thyroid. 

se r o to n in  A m ine (5-hydroxytryplamine) synthesizẹd from 
the am ino acid L-tryptophan; has potent biological 
effects.

S ero ton in , a n eu ro tran sm itte r  th a t is syn thesized  from the 
am ino acid L -tryptophan, exerts  its  biological effects after 
it  a ttaches to  a varie ty  o í  se ro ton in  recep to rs tha t are 
p resen t on cell m em branes. S ero ton in  has bo th  physio- 
logical and pathological effects. S ero ton in  is the predom - 
in an t n eu roho rm one secre ted  from  carcino id  tum ors and 
is responsib le  for m ost o f the sy inptom s. S ero ton in  ago- 
n is ts  can increase in te s tin a l m otility  and se ro ton in  aniag- 
on is ts  can am eliorate  som e form s o f irritab le  bow el 
syndrom e. Selective se ro to n in  reup take  in h ib ito rs  are 
used  to  trea t p a tien ts  w ith  affective d iso rders  and  have 
been used  in  the trea tm en t o f severe obesity , although 
they can have negative side effects on the  cardiovascular 
system . S ero ton in  an tagon is ls  m arkedly  decrease thc se- 
vere nausea and  vom iting  experienced  by patien ts w ho 
receive an tineop iastic  chcm otherapy .

IN T R O D U C TIO N

T he g a s tro in te s tin a l an d  c irc u la to ry  system s have 
p layed  im p o rta n t ro les in  the  d íscover), o f se ro ton in . 
In  1868, it w as n o te d  th a t  th e re  w as a factor in  defibrin - 
a ted  b lo o d  th a t in c reased  v ascu la r  resis iance in períusecl 
m usc le . In  1939, D r. V ito rio  E rsp am e r in  P an n a , Italy, 
d isco v ered  en te ram in e , a su b stan ce  released  írom  the 
en te ro ch ro m a ffin  svstem  o f the  gas tro in tes tin a l trac t 
th a t in c re ase d  in te s tin a l perista ls is . In  1948, Drs. Page, 
R ap p ap o rt, an d  G reen  in  C leve land , O h io , iso lated  and  
id e n tiíìed  th e  v a so c o n s tr ic tin g su b s ta n c e  in d e fib rin a ie d  
b lo o d  as se ro to n in . In  1948, E rsp am e r d e te rm in e d  tha t 
en te ra m in e  w as also  se ro to n in . In  the en su in g  50 years, 
s tu d ie s  have in d ic a ted  th a t se ro to n in  p ro b ab ly  ex isted  
in  p la n ts  even  befo re  it  ex isted  in  an im als. T here  have 
b ee n  n u m e ro u s  s tu d ie s  o n  th e  ro le  o f se ro to n in  in  hea lth  
an d  d isease . T he focus in  th is  a rtic le  is  on  the  im p o rtan t 
ro le  o f  se ro to n in  in  m ed ica l p ro b lem s e n c o u n te re d  by 
g as tro en te ro lo g is ts .

SYNTHESIS A N D  M ETABOLISM

S ero to n in  is sy n th es ized  from  the  essen tial am ino  
acid  L -try p to p h an . L -T ryp tophan  is first converted  to



5 -h y d ro x y try p to p h a n  by the  en zy m e try p to p h a n  hy- 
d roxy lase . 5 -H y ro x y try p to p h a n  is th en  co n v e rted  to 
se ro to n in  by the  enzym e a ro m a tic  am in o  ac id  (L-clihy- 
d ro x y p h en y la lan in e ; L-DOPA) d ecarb o x y lase . Sero to- 
n in (5 -h y d ro x y try p ta m in e ; 5-H T ) is the  b io log ica lly  
vasoac tive  su b stan ce . B ecause try p to p h a n  h y d ro x y lase  
is p re d o m in a n tly  loca ted  in  the  GI trac t a n d  the b ra in , 
th ese  areas are  the m a jo r sites o f se ro to n in  p ro d u c tio n  
a n d  sto rage. Som e of the 5-H T  is se c re te d  in to  th e  vas- 
c u la r  co m p artm e n t. A lth o u g h  b lo o d  p la te le ts  ca n n o t 
sy n th esize  5-H T , a m a jo r  p o r tio n  o f th e  se c re te d  5-H T 
is ta k en  u p  an d  s to re d  in  the  d en se  g ran u le s  o í  p la te le ts . 
A sm a ll b u t b io log ica lly  im p o r ta n t  p o r tio n  rem a in s  free 
in  the  plasm a.

T hree diíTerent en zy m es in ac tiv a te  se ro to n in . 
M o n o am in e  o x id ase  o x id a tiv e ly  d e a m in a te s  se ro to n in  
to th e  in te rm ed ia te  5 -h y d ro x y in d o lea ce ta ld e h y d e . T h is 
a ldehyde  is th e n  co n v e rted  to 5 -h y d ro x y in d o lea ce tic  
ac id  (5-HIAA ) by  the  enzym e a ld eh y d e  d eh y d ro g en ase  
o r to 5 -h y d ro x y try p to p h o l by ihe enzym e a lco h o l 
deh y d ro g en ase . In  h u m a n s , th e  m a jo r  p a th w ay  is to  
5-HIAA. To assess se ro to n in  p ro d u c tio n , se ro to n in  
can  be m easu red  in  se ru m , p la le le ts , b lo o d , o r p lasm a. 
T h e  2 4 -h o u r u r in a ry  ex c re tio n  o f 5-HIA A  o r, i f  the  
m e th o d o lo g y  is ava ilab le , th e  2 4 -h o u r  u r in a ry  ex c re tio n  
o f se ro to n in  can  a lso  b e  m easu red .

PHYSIOLOG1CAL EFFECTS

C ircu ỉa tin g  s e ro io n in  a ttac h es  to se ro to n in  re c e p to rs  
th a t are located  o n  th e  ce ll m e m b ran e . T h ere  are seven  
d iffe ren t se ro to n in  re c e p to r  classes d es ig n ated  5-HT1 
th ro u g h  5-H T 7. W ith ỉn  each  class, su b ty p e s  a re  fur- 
th e r  d es ignated  bv  a n  ad d itio n a l le tte r  (e.g ., 5-H T1A  o r 
5-HT1B). T hese s e ro to n in  re c e p to rs  a re  co u p led  to  a 
so -ca lled  G p ro te in  th a t de livers  s e ro to n in -s tim u la te d  
in tra ce llu la r  m essages. H ow ever, the  exact m e ch a n ism  
o f s tim u la tio n  is n o t k n o w n  for all o f the se ro to n in  
rec ep to r  sub types. T he 5 -H T 4  su b ty p e  is positiv e ly  
co u p led  to  adeny ly l cyclase. V arious m e d ica tỉo n s  
are  agon ists  (s tim u la to rs )  o f sp ec iíìc  se ro to n in  sub- 
types, an d  o th e r  m e d ic a tio n s  are  an tag o n is ts  (b lo ck - 
ers) o f sp ec iíìc  se ro to n in  su b tỵ p es. T he se ro to n in  
sub types m ed ia te  a v arie ty  o f  physio lo g ica l resp o n ses; 
in  the GI trac t, re sp o n se s  in c lu d e  ac tiv a tio n  of secre- 
to ry  cells, a í ĩe re n t an d  efferen t n e u ro n  ac tiv a tio n , an d  
d irec t effects on  gu t sm o o th  m u sc le  re su ltin g  in  ei- 
th e r  sm o o th  m u sc le  c o n tra c tio n  o r sm o o th  m u sc le  
re laxation .

O ne m o d e l th a i h as  p ro v e d  u sefu ỉ in  u n d e rs ta n d -  
in g  se ro to n in  a c tio n  is the  sy n ap tic  cleft. T h is is the 
space betvveen a s e ro to n in -se c re tin g  n e u ro n  an d  a se- 
ro to n in -re sp o n d in g  n e u ro n  th a t c o n ta in s  th e  se ro to n in

rec ep to rs . T he se ro to n in -sec re tin g  n e u ro n  no t on ly  se- 
c re tes  se ro to n in , b u t it also takes u p  the secretecl sero- 
to n in  th a t is in  th e  space betw een  the tw o neu ro n s. The 
lo n g e r th e  se ro to n in  rem ains in the synap tic  cleít, the 
g rea te r  effect i t  has on the se ro to n in -resp o n d in g  neu- 
ron . A n u m b e r  o f d ru g s decrease the ra te  o f reu p tak e  of 
s e ro to n in , th u s  p ro lo n g in g  the ac tio n  of the secreted  
se ro to n in .

PHARM ACOLOGICAL REGULATION

M any m e d ica tio n s  can low er the syn thesis  o r release of 
s e ro to n in  th ro u g h  a varie ty  of d iííe ren t m echanism s. 
P arach lo ro p h e n y la lan in e  is a p o ten t in h ib ito r  o f tryp- 
to p h a n  h y d ro x y lase , the rate -lim iting  enzym e in the 
sy n th e s is  o f se ro to n in . A d m in is tra tio n  of th is d ru g  dra- 
m atica lly  low ers tissue levels ol se ro to n in , an d  a lth o u g h  
it is no  lo n g e r in  clin ical use, th is d ru g  has co n trib u ted  
ìn u c h  to  the  know ledge  of se ro to n in  action . O ctreo tide  
aceta te , a sy n th e tic  analogue of the n a tu ra l ho rm o n e 
so m a to s ta tin , d ec reases secre tio n  of se ro to n in  from  nor- 
m al tis su es  a n d  from  carcinoid. tum ors. A large variety  oí 
m e d ic a tio n s  are  an tag o n is ts  of various classes and  sub- 
lypes o f se ro to n in  recep to rs. These m ed ica tions, in c lu d - 
ing  m e th y se rg id e  m aleate , cyp ro h ep tad in e , bu sp iro n e , 
an d  c lo zap in e , decrease  the  physio log ical effect o f bio- 
ỉog ically  availab le sero ton in .

S om e m ed ica tio n s  p o ten tia te  the effect of biologi- 
cally  av a ilab le  se ro to n in  by b lock ing  its reu p tak e  [rom  
the  sy n ap tic  cleft. T hey  inc lude  fìrs t-generation  an tide- 
p re ssa n ts  su c h  as am itrip ty line , seco n d -g en e ra tio n  an- 
tid e p re ssa n ts  su c h  as trazodone , an d  th ird -g en e ra tio n  
a n tid e p re s sa n ts  su c h  as íìuoxetine . A lthough  firsi- and  
se c o n d -g e n e ra tio n  an tid ep ressan ts  also b lock  the reup- 
take o f n o re p in e p h rin e , th ird -g en e ra tio n  an tidep res- 
san ts  b lo c k  on ly  the  reu p tak e  of se ro to n in . T hey  are 
th u s  ca lled  se lective se ro to n in  reu p tak e  inh ib ito rs  
(SSRls). A seco n d  m echan ism  of increasing  the effect 
o f se ro to n in  is to  use se ro to n in  agon ists  th a t b in d  to 
speciH c su b ty p e s  of se ro to n in  recep to rs. Tw o exam ples 
o f th is  c lass o f d ru g s  are the 5-H T4 agon ist cisapride , 
u sed  in  tre a tin g  GI disease, an d  the 5-H T1D  agonist 
su m a tr ip ta n  su cc in a te , used in trea tin g  m igraine and  
c lu s te r  h ead ach es . P inaỉly , m o n o am in e  ox idase (M AO) 
in h ib ito rs  su c h  as trany lcyp rom ine an d  p h en e lz in e  in- 
h ib it M AO in  th e  liver an d  o th e r tissues. Because of the 
re d u c ed  in ac tiv a tio n  of se ro to n in , se ro to n in  levels can 
in c rease  in  the  bodv. C lin ic ians m u st be careful n o t 
to  p re sc rib e  m ed ica tio n s  such  as an MAO in h ib ito r  and 
a sp ec iíìc  s e ro to n in  reu p tak e  in h ib ito r  for sim ulta - 
n eo u s  a d m in is tra tio n  because of the  p o te n tia l for pa- 
tien ts  to  d ev e lo p  dangerously  h igh  co n c en tra tio n s  of 
se ro to n in .



IRRITABLE BOWEL SYNDROME

The GI tract has played a u n iq u e  ro le in the investiga tion  
of se ro ton in  and  its actions. Because of the  en te ro ch ro - 
maffìn cells in  the subm ucosa  o f the sm all in testin e , the 
sm all in testine  has the la rgest co n cen tra tio n  as w ell as 
the g reatest to tai q u an tity  of se ro to n in  in  the hu  m an 
body. The fưst evidence tha t the re  vvcre disti.n.ct types 
of se ro to n in  recep to rs cam e from  the w ork  of G ad d u m  
and  P icarelli on  iso lated  sections o íileu m  in  1957. T hese 
investigators show ed iha t ac tivation  of cho linerg ic  
nerves by se ro to n in  an d  a separate  d irec t ac tion  o f sc- 
ro to n in  on  sm o o th  m uscle w ere due, respectively , to an 
M recep to r (now  called  5-H T3) and  a D rec ep to r (now  
called  5-HT2).

C isapride, a 5-HT4 recep to r agonist, en h an ces the 
release of acety lcho line  in the m yen teric  p lexus. 
C isapride has been  used  to stim u la te  in testina l m o tility , 
to increase low er esophageal sp h in c te r  p ressu re  for the 
trea tm e n t of n o c tu rn a l sym ptom s of gastroesophageal 
re ílux  disease (GERD), and  in the trea tm en t of d iabe tic  
en teropathy . The g rea test success in m odiíy ing  sero to - 
n in  action  has been in  the trea tm en l of a type of irritab le  
bow el syndrom e in w om en  in  w hich  d ia rrh ea  is the 
p red o m in am  sym ptom . A losetron  (L o tronex) is a 
h ighly  selective and  long -ac ting  5-HT3 rec ep to r an tag- 
onist. T h is d ru g  is effective in  decreasing  the tro u b le - 
som e sym ptom s of th is  g ro u p  of patien ts.

DEPRESSION

S ero ton in  has p layed a m a jo r ro le  in  o u r  u n d e rs ta n d in g  
o f psych iatric  disease. A lthoụgh  dop am in e  has b ee n  the 
p rincipaì n eu ro tran sm itte r  th o u g h t to be involved  in 
sch izo p h ren ia , the re  is evidence th a t se ro to n in  m ay 
also be relevant to th is p rob lem . A n u m b er o f effective 
m ed ica tions used in trea ting  sch izophren ia , su c h  as 
clozap ine, se rtindo le , and  resperidone, are 5-H T 2 re- 
cep to r an tagonists. S ero ton in  may aỉso play a ro le  in  
ạnxiety  attacks, based  o n  evidence tha t b u sp iro n e , a 
5-HT1A and  5-HT2 an tagon is t, ís eỉĩective in  trea tin g  
pa tien ts  w ith  th is  prob lem .

Sero ton in  plays a m a jo r ro le in  the trea tm en t of af- 
íective d iso rders such  as dep ression  and  m an ia . It is 
th o u g h t tha t decreased  se ro to n in  activ ity  in  ce rta in  
areas o f the b ra in  is associa ted  w ith  dep ression . The 
ad m in istra tio n  of íìrst-, seconcl-, ancl th ird -g en e ra tio n  
an tid ep ressan ts  increases se ro to n in  action. T h ird -g en - 
e ra tion  an tid ep ressan ts  such  as A uoxeíine, w h ich  have a 
speciPic ac tion  OT1 se ro to n in  and  little e ííec t on  
n o rep in ep h rin e , have m arked ly  im proved  th e  ability  
of all clin ic ians to trea t pa tien ts  w ith  d ep ressio n  
effectively.

APPETITE A N D  OBESITY

O besity , vvhich is defined  as a body  m ass in d ex  o f over 
30, has becom e a m ajo r p ro b lem  in  the  U n ited  States. O f 
even  g rea ter co n cern  are ex tre m ely  obese p a tien ts , w ho 
are  defined  as hav ing  a bo d y  m ass in d ex  o f over 40. T h is 
degree  o f obesity  ex ace rb a te s  d iab e te s  m ellitu s, co ro - 
n a ry  a rte ry  d isease, an d  h y p erte n s io n . T he v en tro m ed ia l 
h y p o th a lam u s plays an im p o r ta n t ro le in  the reg u la tio n  
of food in take. It co n ta in s  b o th  an ap p e tite  ce n te r  an d  a 
sa tie ty  cen ter. T h is area o f the  b ra in  has a h igh  concen- 
tra tio n  of se ro to n in  a n d  n o rep in e p h rin e . T here  is evi- 
d en ce  th a t 5-H T2C  re c ep to rs  in  th is  reg ion  p lay  a key 
ro le  in  ap p e tite  regu ìa tion .

A lth o u g h  b eh av io r m o d iíìca tio n  o f exercise an d  d ie t 
are the  c o rn e rs to n es  o f the tre a tm e n t of obes ity , a ttem p ts  
have been  m ade to red u ce  food in tak e  w ith  m ed ica tio n s 
su ch  as am p h e ta m in e  an d  d ex tro a m p h e tam in e . U nfor- 
tu n a te ly  these m ed ica tio n s  are no t su itab le  for clin ical 
use because they  cause  a g en era lized  s tim u la tio n  o f the 
b ra in , th ey  soon  lose th e ir  effect on  decreasing  ap p e tite , 
and  they  can be h ab it ío rm ing . O th e r  m e d ica tio n s 
th a t have been  u sed  to d ecrease  ap p e tite  inc lude  
íe n ílu ram in e  and  d e x íen ílu ra m in e . T hese m ed ica tio n s 
b o th  in h ib it the re u p ta k e  o f se ro to n in  an d  cause an 
increase  in ihe  se c re tio n  o f  se ro to n in  from th e  brain . 
M any p a tie n ts  have received  b o th  fen flu ram ine and  
p h e n te rm in e , a c o m b in a tio n  th a t is p o p u la rly  know n  
as F en -P hen . A lth o u g h  these m ed ica tio n s have helped 
m any  obese p a tien ts  to lose w eigh t, a s ig n iS can t nu m b er 
of p a tien ts  receiv ing  them  d ev e lo p ed  p u lm o n a ry  hyper- 
ten sio n  an d  o th e rs  w ere  re p o rted  to develop  íìb rosis  of 
the  m itra l a n d  ao rtic  valves. B ecause o f th is , fen flu ram ine 
a n d  dex fen flu ram in e  have been  w ith d raw n  from  the 
m arke t. T here  rem a in s  co n tro v e rsy  ab o u t the  long- 
te rm  sign iíìcance  of the  valvu lar p rob lem .

S ib u tram in e  is th e  on ly  m ed ica tio n  tha t a lters sero- 
to n in  ac tio n  th a t is p rese n tly  o n  the m a rk e t in  the 
U n ited  States. L ike íe n ílu ram in e , s ib u tram in e  is a sero- 
to n in  re u p ta k e  in h ib ito r . H ow ever, in  c o n tra s t to 
fen ílu ram in e , s ib u tra m in e  does n o t s tim u la te  release 
o f se ro to n in  from  th e  b ra in . B ecause o f rep o rts  link ing  
s ib u tra m in e  ad m in is tra tio n  to  inc reases in  b lo o d  pres- 
su re  and  h ea rt ra te , the Ita lian  H ealth  M in istry  has 
just suspencled  sales of th is  d ru g  in  Italy. T he Food 
and  D ru g  A d m in is tra tio n  co n tin u e s  to ap p ro v e  ìts use 
in the U n ited  States.

N A U SEA  A N D  VO M ITING

N ausea is th e  sub jective  sen sa tio n  of an im p e n d in g  urge 
to vom it. V om iting  is the forceful e jec tion  o f gastro- 
esophageal c o n te n ts  from  thc  rnou th . N ausea and



v o m itin g  are n o n sp e c iíìc  resp o n ses  to  a v a rie ty  of 
agen ts. H ow ever, the  n au sea  an d  v o m itin g  th a t has 
b ee n  m ost re s is tan t lo  th c ra p y  is p ro v o k e d  by  can ce r 
ch e m o th e ra p y  ag en ts  su c h  as c isp la tin u m , d o x iru b ic in , 
a n d  cy c lo p h o sp h am id e . A lth o u g h  m a n y  an tie m e ũ c  
ag e n ts  have b een  u se d  to  trea t c h e m o th e ra p ỵ - in d u c e d  
n au sea  and  v o m itin g  in  the  p as t, th e  íìrst tru ly  effective 
ag en t w as m e to c lo p ra m id e . B ecausc m e to c lo p ra m id e  is 
a d o p am in e  re c e p to r  an tag o n is t, its an tiem e tic  ac tiv ity  
w as orig ina lly  a t tr ib u te d  to  th is  m ech a n ism . It 
su b seq u en tly  b ecam e c lea r th a t in  the  h ig h  doses in  
w h ich  it is a d m in is te re d , m e to c lo p ra m id e  also  b locks 
5-H T 3 recep to rs .

w h e n  the p o te n t  a n d  specific  5 -H T 3 re c e p to r  an tag- 
o n is t  o n d a n se tro n  w as developeci, it w as ev a lu a ted  in 
m any  cancer c h e m o th e ra p y  cen te rs . O n d a n se tro n  ís ex- 
trem ely  effective in  b lo c k in g  c h e m o th e ra p y -in d u c e d  
n au sea  an d  vom iting . It is as effective a fte r o ra l ad m in - 
is tra tio n  as it is afte r p a re n le ra l a d m in is tra tio n . Al- 
th o u g h  th e re  are 5-H T3 re c e p to rs  in  the  b ra in  an d  in 
the  sm all in te s tin e , it is ih o u g h t th a t o n d a n s e tro n  
w o rk s  by b lo c k in g  th e  5-H T 3 re c c p to rs  in  th e  in te s tin e . 
Tw o ad d itio n a l 5 -H T 3 an tag o n is ts , g ra n ise tro n  and  
đ o la se tro n , are a lso  now  availab le . All th ree  5-H T 3 an- 
tagon ists  are e q u iv a le n t in  th e ir  c lin ica l effìcacy in  can- 
cer ch e m o th e ra p y  p a tíen ts  an d  a re  very  va lu ab le  in 
a llow ing  p a lien ts  to avo id  th e  severe n au sea  an d  vom - 
iting  that acco m p an y  trea tm e n t. H ow ever, the  th ree  
an tiem ctic  agen ts d o  n o t co m p le te ly  p re v e n t th e  delayed  
n au sea  an d  v o m itin g  th a t m ay o c c u r  24 h o u rs  after 
ch em o th e rap y . M e to c lo p ra m id e  a n d  h ig h -d o se  dexa- 
m e th aso n e  m ay be h e lp íu l in  am e lio ra tin g  th is  delayed  
response . B ecause all o f these  an tie m e tic s  a re  expensive , 
th e re  has no t yet b e e n  m u c h  c lin ica l e x p e rien c e  in  eval- 
u a tin g  these ag en ts  for n au sea  an d  v o m itin g  o f o th e r  
etio logies.

C A RC INO ID TUM O RS A N D  
CA RC INO ID SYNDRO M E

Clinical M aniíestations

T he te rm  K arzinoide  (ca rc in o id )  w as u se d  by  
s. O b erd o rĩe r  in  G erm an y  in  1907 to  d esc rib e  sm all- 
in te stin a l tu m o rs  th a t h is to lo g ica lly  rese m b le d , b u t  d id  
n o t behave in  the  aggressive m a n n e r  of, ađ e n o ca rc in o - 
m as. In 1952, som e p a tie n ts  h a rb o r in g  ca rc in o id  tu m o rs  
w ere  rep o rted  to  dev e lo p  c a rc in o id  sy n d ro m e , consis- 
tin g  of d ia rrh ea , íacia l ílu sh ing , an d  h ea rt vaỉve lesions. 
In  1953, the c h e m ic a lre le a se d  from  the  c a rc in o id  tu m o r 
w as id en tiíied  as se ro to n in .

C arc ino id  tu m o rs  are the  m o s t co m m o n  n e u ro e n -  
d o crin e  tu m o rs  in  c lin ica l p rac tice . D ata from  evalua-

tio n  of 840  p a tien ts  w ith  ca rc in o id  tu m o rs  over a 30- 
year p e rio d  in  one clinical p raclice are deta iled  in 
T able I, sh o w in g  the site  o f tu m o r orig in . T w o-th ird s 
o f the  tu m o rs  o rig in a tcd  from  the ileum , the b ro n ch u s , 
o r  an  u n k n o w n  site; the  rem ain in g  o n e -th ird  of the  tu- 
m o rs  a ro se  from  17 o th e r  diverse sites.

P a tie n ts  w ith  ca rc in o iđ  tum ors o f sm all-in testina l 
o rig in  have p resen tin g  p rob lem s of ch ro n ic  abdom inal 
p a in , bow el o b stru c tio n , d ia rrhea , an d  facial ílush ing . 
D u rin g  the  cou rse  of th e ir  illness, m any  develop  íìbro- 
sis o f the  p u lm o n ic  an d  tricusp id  h eart valves, lead ing  
to  ca rc in o id  h eart d isease. Some p a tien ts  requ ire  car- 
d iac  su rg e ry  w ith  rep lacem en t of the dam agecl heart 
valves.

A lth o u g h  p a tien ts  w ith  ca rcino id  tu m o rs can live for 
a long  tim e, u ltim ate ly  the  illness resu lts  in  the d ea th  of 
m any  o f the  patien ts. T he survival tim e o f patien ts , from  
the da te  o f d iagnosis  to date o f cỉeath, ranges from  1 day 
to  260 m o n th s , w ith  a m ean  survival tinie o f 36 m onths. 
At the  lim e of dea th , 10% of the p a tien ts  w ere younger 
th a n  40 years o ld  ancỉ 50% o í the pa iien ts  vvere younger 
th an  60  years o ld , an in d ica tio n  o í the  d e le te rio u s effect 
o f c a rc in o id  tum ors.

T he stage o f the d isease ai the tim e o íd ia g n o s is  is the 
m o st im p o r ta n t íac to r in  d e te rm in in g  p rognosis. In de- 
sc e n d in g  o rd e r  of survival arc p a tien ts  w ith  localized 
d isease , reg ionaỉ m etastasis, and  d is tan t m etastases. Site 
of o r ig in  a lso  p lays a role in p rognosis, in tha t paticn ts 
w ilh  ileal ca rc in o id  tu m o rs  and d is tan i m elastases have 
a b e tte r  p ro g n o sis  th an  do  p a tien ts  w ith  pancreatic  car- 
c in o id  tu m o rs  an d  d is tan t m etastases.

T he m a jo r  íea tu res  o f carc ino id  sy n d ro m e are diar- 
rh ea , facial ílu sh ing , and  h ea rt valve disease. In

TABLE 1 O rigin of C arcinoid  T um ors of 840 Patients"

O rigin N um ber o f  patients Percent o f  total

Ileum 226 26.9
Ư n k n ow n 198 23 .6
B ronchus 162 19.3
Pancreas 58 6.9
Stom ach 40 4.8
A p p en d ix 34 4.0
R ectum 34 4.0
D u od en u m 21 2.5
C ecum 20 2.4
Jejunum 15 1.8
T hym us 15 1.8
A m pulla o í.vater 8 1.0
M iscellaneous 5 0.6
M e c k e ĩs  d iverticu lu m 4 0.5

“ Patients evaluateđ by the author over a 30-year period in the 
authors clinicaì practice.



prev iously  p u b lish ed  repo rts , it has been  esú m ated  that 
on ly  6% of p a tien ts  w ith  carcino id  tu m o rs had carcino id  
synd rom e and  it w a s  assum ed  th a t on ly  these p a tien ts  
had  se ro to n in  overp ro d u ctio n . A policy  of m easu ring  
se ro to n in  p ro d u c tio n  in  all p a tien ts  w ith  carcino id  tu- 
m ors regard less o f the p resence o r absence of svm ptom s, 
how ever, leads to qu ite  d ifferen t conclusions: there is 
evidence of se ro to n in  o v e rp ro d u c tio n  in  53% of the 
p a tien ts  w ith  ca rc in o id  tu m o rs (personal experience). 
Even this rep resen ts  a m in im al estim ate, because the 
p r e s e n c e  o f  c a r c in o id  t u m o r s — p a r t ic u la r ly  t u m o r s  

o r ig in a tin g  in  th e  b ro n c h u s — is  n o t a lw ay s s u s p e c te d  
before surgery. T hus, by the tim e se ro to n in  p ro d u c tio n  
can be evaluated in som e p a tien ts , the tu m o r has already 
been resected . Indeed , m easu rem en i of se ro to n in  pro- 
du ctio n  in 44 consecu tive  patien ts  w ith  deB nite carei- 
no id  tum ors still p resen t in the ir body  has p rov ided  
evidence of se ro to n in  o v erp ro d u c tio n  in 84% of the 
patien ts (personal experience).

A lthough  carcino id  tu m o rs can secrete  a variety  of 
n eu ro h o rm o n es , se ro to n in  is alm ost cerlain ly  respon- 
sible for ihe sym plom atic  d ia rrhea . S ero ton in , atong 
w ith  o th er n eu ro h o rm o n es , also plays a role in the [acial 
Aushing. W h e n  p a tien ts  vvith carcino id  tu m o rs an d  in- 
creased se ro to n in  p ro d u c tio n  are qu es tio n ed  about 
sym ptom s of íacial ílu sh ing  and d ia rrhea , alone o r in 
com bination , the resu lts  are su rp rising : 44% rep o ri bo ih  
d ia rrh ea  and  íacial ílushing, 17% rep o rt d ia rrh ea  bu i no 
facial ílushing, 6% rep o rt íacial ílu sh ing  b u t no d ia rrhea , 
and  33% rep o rt n e ith e r  d ia rrh ea  n o r íacial Aushing. The 
total absence of classical sym plom s of carc ino id  
syndrom e, d esp ite  elevated  levels o f se ro to n in , is sur- 
prising . Possible ex p lan a tio n s w ith  respec t to p aú e n ts  
w ith  carcino id  tu m o rs inc lude  a decrease in  the n u m b er 
o fse ro to n in  recep to rs  in  the in testinal tract and  the sk in , 
o r th a t the se ro to n in  a ttaches to ihe recep to rs, bu t som e 
pa tien ts have a b lu n te d  p o s trecep to r physio logical 
response to the sero to n in .

Diagnostic Tests

T he o v erp ro d u c tio n  of se ro to n in  is es tim aled  by 
m easu ring  5-H1AA ex c re ú o n  in a 2 4 -h o u r u rin e  collec- 
tion. Elevated levels o f se ro to n in  in the b lood  are esti- 
m a ted  by m easu rin g  se ru m  se ro to n in  co n cen tra tio n . It 
is ĩrequentlv  difficult to v isualize the sm all p rìm ary  car- 
c in o id  lum or in the subm ucosa  of the in testine . P atien ts 
írequen tly  have liver m etastases at the tim e of d iagnosis. 
These can be eva lua ted  bv Computer tom ography  (CT) 
or m agnetic  resonance  im aging  (MRI) of th e  abdom en . 
Because carcino id  tu m o rs concen tra te  rad ioactive 
ind ium -111  oc treo tide  a n d io d in e -1 3 1  m etaiodobenzy l- 
guan id ine  ( Ị 131I]M IBG), nuc lea r m ed icine scans using

these rad io iso topes are also used to visualize the m et- 
astatic  carcino id  tum or.

Therapy

If the carcino id  tu m o r is not m etastatic at the tim e of 
diagnosis, the p rim ary  tu m o r can be surgically  reinoved. 
H ow ever, in  the m ajo rity  of patien ts there is  tu m o r in- 
vo lvem ent of the lym ph  nodes or liver at the tim e of 
diagnosis. M any of the patien ts have facial A ushing and 
d iarrhea . This can be am eliorated  vvith the se ro to n in  
rec ep to r an tagon ists  cyp rohep tad ine or inethysergide. 
If th is  is no t effective, the pa tien t can receive in jections 
of e ither so lub le or long-acting  octreo tide  acetate. 
O ctreo tide  acetate reduces secretion  of se ro to n in  
from  ihe carcino id  tum or. If the carcino id  lu m o r 
show s P r o g r e s s iv e  grovvth, the p aú en ts  can receive che- 
m o therapy  w íth  s trep tozo toc in  an d  5-Q uorouracil or 
etoposide and  c ísp laú n u m . Some patien ls have had a 
beneficial response 10 m oderate doses of in te r te ro n  a. 
If the carcino id  tu m o r concen tra tes | n i I]M lBG, 
largc doses of th is radioactive com pound  can be 
adm in istered .

SUMMARY

A variety of pharm aco log ica l agents can increase o r de- 
crease the physio logical o r pathological eííects o f sero- 
ton in . Sero ion in  agonists such  as cisapride can  increase 
in testinal m otility , an d  serotoriin  an tagonists such  as 
a lo se tro n  can am elio ra te  sorae form s of irritab le 
bow el syndrom e. Selective se ro ton in  reup take inh ib i- 
to rs have d ram atìcally  im proved the trea tm en t o f pa- 
tien ts  w ith affective d isorders. A lthough se ro to n in  
reu p tak e  in h ib ito rs  have been used  in the trea tm en t 
o f severe obesĩty , because of the ir troublesom e side ef- 
fects on  the card iovascu lar system , they have no t real- 
ized the ir clin ical po ten tìa l. S erotonin  an tagonists have 
m arkedly  decreased the severe nausea and  vom iting  
experienced  by  p a tien ts  w ho receive an tineop lastic  che- 
m otherapy . F inally , se ro to n in  is the p red o m in an t neu- 
ro h o rm o n e  secreted  from  carcino id  tum ors. It is 
responsib le  for the d ia rrhea , carcino id  h e a n  disease, 
and to som e ex ten t the Tacial ílush ing  that constilu te  
the carcino id  syndrom e. For reasons not yet identiíied  
n a t all patien ts  w ith  elevated se ro ton in  p ro d u c tio n  de- 
velop  carcino id  svndrom e. A lthough there is p resen tly  
no  cu re  for carc ino id  tum ors once they have sp read  to 
lym ph  nodes and  liver, effective therapy  has been  de- 
veloped to  am eliorate  the sỵm ptom s of ihese tum ors. 
C arcino id  lum ors, w hich  have been called cancer in 
slow  m otion  by Dr. C harles M oertel, rem ain an im por- 
tan t tu m o r m odel for fu ture invesiigation.
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Sexually Transmitted Diseases
P e t e r  V . C h i n - H o n g  a n d  R o b e r t  L. O w e n  
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darkíìeld microscopy The most direct method of diagnosing 
sy p h ilis . T h e  su rfa ce  o f  th e  g e n ita ỉ u lc e r  is  íìr st g e n tỉy  
abraded w ũh gauze and the serous exudate of the lesion 
is then expressed onto a glass slide; Treponema paỉỉidum  
has a characteristic corkscrew appearance. 

enteritis lnfection with small intestinal symptoms such as 
n au sea , b lo a tin g , and  a b d o m in a l p a in , b u t w ith o u t  
s ig m o id o sc o p ic  ch a n g es; can fo llo w  in g e s t ỉo n  o f  m a ter ia l  
contaminated with feces. 

high-resolution anoscopy Technique similar to cervical 
colposcopy; uses identical equipm ent (a powerful light 
source and binocular lenses) to allow identiíìcation and 
biopsy of lesions that have contributed to abnormal anal 
c y to lo g ic  íìn d in g s . A cetic  a c id  (3% ) an d  L u go l s o lu t io n  
( io d in e )  ca n  b e  u sed  to id e n d íy  h u m a n  p a p illo m a v ir u s-  
iníected tissue in the anal canal as well as in the cervix. 

proctitis Inílammation that may be caused by iníections of 
ih e  an o recta l m u c o sa ; a sso c ia te d  w ith  s ig m o id o sc o p ic  
fin d in g s lim ite d  to  th e  d ista l 15  cm  o f  the r e c tu m . A  
range o f  c e l ls  can  b e a ffected , from  k e r a tin iz e d , s tr a t iíìe d  
sq u a m o u s  e p ith e liu m  in  the p er ia n a l area to c o lu m n a r  
e p ith e iiu m  in th e  rectu in .

p r o c to c o l i t is  In íla m m a tio n  that m a y  b e c a u se d  b y  in íe c t io n s  
o f  th e  rec tu m  a n d  c o lo n ;  s ig m o id o s c o p ie  íin d in g s  e x te n d  
p r o x im a lly  a b o v e  15  cm  o f  th e  rectu m .

Sexually tran sm itte d  d iseases in th e  in te s tin a l trac t in- 
clude those caused  by pro tozoa, helm in th s, bacteria , 
and  v iruses. M any o f these d iseases p resen t acutely; 
o thers p e rs is t and  m ay have m alignant po ten tia l. ln ĩec tion  
is com m only a d irec t consequence of o ral genital contact, 
o ra l—anal con tac t, o r  anal receptive in te rcou rse . Sexually 
tran sm itted  en teric  in fec tions also reữect a high preva- 
lence o f carriage o f in te s tin a l pathogens, particu larly  in  
certa in  su b p o p u la tio n s , such  as m en w ho have sex w ith  
m en. P reventative m essages of safe sex, screen ing  of 
a t-risk  ind iv iduals , and  vaccines are im p o rtan t m edical 
in te rven tions.

IN T R O D U C T IO N

Sexual b eh a v io r  is a m a jo r  force in  th e  tran sm iss io n  of 
b ac te ria l, p ro to z o a n , an d  viral en te ric  d iseases in  adu lts .



W ith  the adven t of the  acqu ired  im m une deílc iency  
syndrom e, a sexually  transm itted  disease (STD ) w ith  
an  im p o rtan t en teric  m echan ism  of in íection , em p h asis  
o n  safe sex tem porarily  red u ced  the inc idence o f sexu- 
ally transm itted  en teric  d iseases, b u t has n o t d ram a ti-  
cally a ltered  the  im p o rtan ce  of sexual tran sm issio n  of 
the speciRc organism s. ĩn d eed , there is a d is tu rb in g  re- 
cent trend  of increasing  en teric  STDs, p a rticu la rly  
am ong m en w ho have sex w ith  m en (MSM) in  m a jo r 
m etro p o litan  areas. F u rth e rm o re , u n p ro tec ted  ana l sex 
is com m on in  o th e r  p o p u la tio n s, such  as in jec tion  d ru g  
users and  h e tero sex u a l adolescen ts and  a d u lts  o f bo th  
sexes, b u t they are n o t o ften  targeted  for safe ana l sex 
m essages.

APPROACH TO THE PATIENT

Any p a tien t w ho p resen ts w ith  in testinal co m p la in ts  and  
a h is to ry  of h igh -risk  sexual ac ti vi ty m ust first be con- 
sidered  for humơn ỉmmunode/iciencV víru.s (HIV) testing . 
C oncom itan t w ith  th is , an  app roach  for the d iag n o sis  of 
in testinal and ano rec ta l sym ptom s ĩocuses on sym p to m  
com plexes of en teritis , p roctoco litis, and  p ro c titis  
(Table I).

PROTOZOAL AN D HELMINTHIC  
INẼECTIONS

Amebiasis

The p ro tozoa Entamoeba histolytica  is the  causa tive 
agent in in testinal am ebiasis. A lthough m ost in íec tio n  is 
asym ptom atic , am ebic dysen tery  and o th e r ex tra in te s- 
tinal m an iíesta tio n s o f  in íec tion , such as liver abscess,

can  occur. Sexual tran sm iss io n  is no t the p red o m in an t 
m eans of ac q u isitio n — ex p o su re  to co n tam in a ted  food 
an d  w ater is— b u t in d iv id u a ls  w ho p rac tice  o ra l—anal 
sex  are a t h ig h e r risk . C ysts are  the  in íec tio u s  form  an d  as 
little  as o n e  cyst can  cause  in íe c tio n  afte r ingestion . Pa- 
tie n ts  ư sually  p re se n t su b a cu te ly  over 1 to  3 w eeks w ith  
d ia rrh ea , ab d o m in a l p a in , an d  b loody  stoo ls. F ever can 
o ccu r in  a m in o rity  o f p a tien ts . T here  is also a ch ro n ic  
ío rm  of the  d isease th a t m ay  m im ic in ílam m ato ry  bow el 
d isease. A d iagnosis m ay be m ade by  stoo l ex am in a tio n , 
b u t ih is does n o t d is tin g u ish  b e tw een  E. histoỉytica  and 
th e  less p a th o g en ic  Entam oeba dispar. A ntigen  d e tec tio n  
assays have the  h ighest sen sitiv ity  an d  p rov ide the m ost 
in ío rm a tio n  b u i are n o t availab le in  all cen ters. F irs t-line  
tre a tm e n t is m e tro n id az o le  (750  mg, o rally  for 10 days), 
w h ich  ac ts  by  trea tin g  b o th  ihe  in vad ing  tro p h o zo ites  
an d  the in tra lu m in a l cysts. A seco n d  lu m in a l cysticidal 
agent, su ch  as p a ro m o m y c in  (30  m g/kg  p er day, o ra lly  in 
th re e  dividecl doses for 5 to  10 days) o r  d iiodohydroxy- 
q u in  ( io d o q u in o l)  (650  m g, o rally  th ree  tim es claily for 
20 days), is u sua lỉy  reco m m en d ed .

Giardiasis

G iardia lam bỉia, a ílagellated  p ro to zo an , is  an 
im p o rta n t cause  o f d ia rrh e a  in  the  U nited  States. D irect 
p e rso n -to -p e rso n  trạ n s íe r  can  o ccu r d u rin g  sex. MSM 
h ave  a h ig h e r p rev a len ce  o f g ia rd iasis , w ith  anal in te r- 
co u rse  as a risk  íacto r. In íec tio n  m ay also be acq u ired  by 
c o n ta m in a te d  food and  w ater. P re sen ta tio n  is h igh ly  
variab le  an d  m any cases are asym ptom atic . Less th an  
50%  of those  in íec ted  have acu te  g iard iasis , w h ich  is 
m a rk e d  by  th e  su d d e n  o n se t o f w atery  d ia rrh ea  th a t 
is fọul sm e llin g  an d  is associateci w ith  abdom inal

TABLE I Com m on Sexually T ransm itted  G astro in testinal Syndrom es

Characteristics o f syndrom e

Variable Prọctitis Protocolitis Enteritis

Sym ptom s

P athogcn(s)

M ode o f  acquisition  

A noscopic íìndings

Reccal pain, discharge, tenesm us

N eỉsseria  gonorrhoeae, C hỉam yd ia  
Lrachomơtís, Trcponem a pa ỉỉừ ium , 
herpes sim plcx virus 

R eceptive anal intercourse

Rectal exudate ±  friability

P roctitis svm p tom s p lu s  
cram ps, diarrhea  

Entam oeba h isto ly tica , C am pvỉobacter  
je ju ììi, Shigelỉa  (lcxneri, 
c .  tracìĩom atis  (LGV“)

D irect or ind irect feca l—oral contact

Rectal exuclate, íriab ility  that mav  
cxtencl in to  the sig m o id  co ỉo n

D iarrhea, cram ps, 
bloating, nausea  

G ỉardia ỉam bỉia

D irect or indirect 
íeca l—oral con taci 

Norm al

a Lỵĩnphogranuloma venereum strains.
From Rompalo, A. M. (199Q). Dỉagnosisand ưeatmcni ol sexually acquired proctitis and proctocolitis: An update. Cìin. Infect. Dis. 28(Suppl. 1), 

S84—S90, with permission from The Universiiv of Chicago Press.



cram ps. Fever occurs in only 10% of pa tien ts . D iagnosis 
is usually  via stool m icroscopy; cysts o r trophozo ites 
m ay be detec ted  in  90%  of cases w h en  th ree  stoo l spec- 
im ens are subm itted . Giardia  an tig en  enzym e-linked  
im m unoassay  (ELISA) may p rov ide a h ig h er yield. Pa- 
tien ts  w ith  svm ptom atic  d isease sh o u ld  be treated . 
M etron idazo le  (250 m g, orally th ree  tim es a day  for 5 
days) is the p referred  treatm ent. A lbendazole is an  al- 
ternative agent.

HELMINTHS

O nly he lm in th s tha t do no t req u ire  a p e rio d  of m atu r- 
a tion  ou tside ihe h o st are su scep tib le  to d irec t person - 
to -person  transm ission . Entcrobius (p im vórm ) and  
Strongyloides species have been  associa ted  w ith  sexual 
transm ission . Taenia  solium (p o rk  tap ew o rm ), Taenia  
saginata  (b e e f  tapew orm ), an d  H ym enolepsis nana 
m ay be tran sm itted  th ro u g h  o ra l—ana l co n tac t as well.

BACTERIAL INFECTIO NS  

G o n o r r h e a

G onorrhea  is a com m on  sexually  tran sm itted  dis- 
ease in  the U nited  S tates and  an  e tio log ic  agent o f phar- 
yngitis and  p roctitis . It is a lso  an  im p o rta n t cause of 
u re th ritis  in m en  an d  cerv icitis in  w om en , w itb  sequelae 
o f pelvic in ílam m alory  d isease and  in lertilily . 
Subphren ic gonococcal in íec tion  (F itz —H u g h —C urtis  
syndrom e) m ay arise by co n tig u o u s sp read  (rom  in- 
íected fallopian  tubes th ro u g h  the  perito n ea l cavity. Al- 
though  the  early  behav io ral resp o n se  to the HIV 
epidem ic in MSM resu lted  in  low er ra te s  o f g o n o rrh ea , 
there  has been  a recen i tren d  in in c reasin g  rates of 
anorectal g o n o rrh ea  in  som e com m unities. A norectal 
gonorrhea, w h ich  is o ften  asy m p to m aú c, occurs in 
m en  and vvomen w ho practice anal in te rco u rse . P atien ts 
m ay p resen t w ith  p u ru len t rectal d ischarge, constipa- 
tion , tenesm us, an d  pain . G o n o rrh ea-asso c ia ted  p h ar- 
ỵngitis is ừ e q u en tly  asym ptom atic , w ith  pharyngeal 
exudates as the onlỵ  evidence of in fection . D iagnosis 
is usually  Via cu ltu re  on  T h ay er—M artin  agar. U nlike 
u re th ritis , d iagnosis by gram  sta in  is less reliable in  
ex tragenìtal in ĩecú o n . DNA am pIification  m ethods 
such  as the  ligase chain  reac tio n  (LCR) in itially  
w ere approved  for d iagnosis of u re th ra l go n o rrh ea  
bu t have p rom ise  for rectal and  pharyngeal go n o rrh ea  
as well. C u rre n t trea tm en t rec o m m en d a tio n s in c lu d e  
th ird -g en era tio n  cephalo spo rin s  (ceíìx im e, 400 m g, 
o ra lly .o rce ltr iax o n e , 125 mg, in lram u scu la rly ). F luo ro - 
qu ino lones are no  longer reco m m en d ed  in  som e

p arts  of the  U nited  States and o th e r coun tries due to 
increasing  m icrobial resistance. C oinfection  w ith 
Chìam ydía  is assum ed and  the C enters for Disease Con- 
trol and  P reven tion  (CD C) recom m end  concom ìtan t 
trea tm en t. All sexual p artn e rs  w ho have h ad  contact 
w ith  the p a tien t in the last 60 days should  be offered 
trea tm en t.

Syphilis

Syphilis is a ch ro n ic  disease caused  by Treponema  
paỉìidum. Except for perinatal transm ission , v irtually  
all cases o f syphilis are acquired  from  sexual trans- 
m ission. D uring  sexual activity, m icroscopic tears en- 
able the  treponem e to invade the subcu taneous tissue, 
w here an in itial chancre  develops. Secondary syphilis 
co rresp o n d s  to  the subsequen t treponem ia tha t occurs 
w eeks to m onths later, despite a host im m une re- 
sponse. T he p atien t m ay then  undergo  an  asym ptom - 
atic period  called la ten t disease. Pinally, late or 
te rtia ry  d isease may occur in  un trea ted  patients. 
The m an ifesta tions of disease are  fam ously protean. 
They range from a pain less chancre in  prim ary 
syphilis (early discase) to Central nervous system in- 
vo lvem ent and  ao rtiú s  in  late disease. G astro in testinal 
involvem ent can occur at any stage of the disease, 
from  oral an d  anorecta l chancres in  p rim ary  disease, 
m u co cu tan eo u s paiches (oral, gastric, and rectal) and 
h ep a titis  in secondary  disease, and gum m atous 
syphilis, w h ich  can affeci any o rgan  in late disease. 
D iagnosis o f disease is m ainly by serologic testing, 
though  th e  organism  can also be v isualized using  dark- 
field m icroscopy  in  the early (p rim ary  and  secondary) 
stages of diseasc. T here are tw o types of serology test- 
ing. N o n trep o n em al tests, such as the Venereal Disease 
Research L aboratory  (VDRL) test and  the Rapid Plasm a 
Reagin (RPR) test, are typically  used  for screen ing  and 
the rep o rted  ú te r  can  be follow ed. T reponem al tests, 
such  as the  íluo rescen t treponem al an tibody  absorp- 
tion  (FTA-ABS) test an d  the m icrohem agg lu tina tion  
test for an tibod ies  to Treponema pallidum  (MHA- 
TP), are used  as confirm atory  tests w hen  ihe screenìng 
tests are positìve. P en ic illin  rem ains the drug  of choice 
for trea tm en t, bu t the choice of fo rm ulation  and the 
d u ra tio n  of therapy  depend  on  the stage of disease 
diagnosecỉ. All form s of early syphilis can be treaied 
by a single dose of b e rư a th in e  pen ic illin  G (2.4 million 
un its , in tram uscu larly ). This dose of benzath ine  pen- 
icillin G w eekly for 3 w eeks is the recom m ended 
trea tm en t for syphilis o f u n k n o w n  stage and  for late 
syphilis, w ith  the excep tion  of neurosyphilis. For 
neurosyph ilis , in travenous pen ic illin  G (3 —4 m illion



u n its , in tra v en o u sly  every  4  h o u rs  for 10 to 14 days) is 
the reg im en  o f choice .

Chlamydia

C hlam ydia  trachom atis  is th e  m o st com m on  bac te ria l 
sexually  tra n sm itte d  in íe c tio n  in  m en  an d  w om en . It is a 
ra re  cause of p ro c titis  an d  p erih ep a titis . T h e  C hlam ỵdia- 
asso c ia ted  gen ita l u lce r d isease , ly m p h o g ra n u lo m a  
v en e reu m  (LG V ), is  p red o m in a n tly  a d isease  o f trop ical 
a n d  su b tro p ic a l a reas o f the  w o rld  an d  can  p rog ress  to a 
p a rticu la rly  severe form  o f p ro c titis . T h is  is associa ted  
w ith  ce rta in  se ro v ars  in  in d iv id u a ls  w h o  have h ad  anal 
in te rco u rse . A norec ta l íib rosis , s tr ic tu re s , p e rirec ta l ab- 
scesses, and  íìs tu las  can  be la te  co m p lica tio n s  in  un- 
trea ted  d isease. O u ts id e  th e  g as tro in te s tin a l trac t, 
u re th r itis  (in  m en  an d  w o m en ) an d  cerv ic itis an d  pelvic 
in ílam m ato ry  d isease (in  w o m en ) are d iag n o sed  m ore  
írequently. Because chlamydial inĩections are so prev- 
a len t, se ro log ic  tests su ch  as co m p lem en t íìx a tio n  o r 
m ic ro im m u n o ílu o re sce n ce  are o f lim itecỉ use  in  con- 
S rm in g  a causa l ro le  for Chlamydici in  a speciíìc  
sy m p to m  com plex . Hovvever, an ap p ro p ria te  clin ical 
p re se n ta tio n  co m b in ed  w ith  a p o sitiv e  se ro log ic  test 
is u su a lly  ad e q u a te  for a p re su m p tiv e  d iagnosis  of 
LGV. Serial tite rs  d e m o n s tra tin g  a tite r  rise are con íìr- 
m ato ry . C h lam ydial u re th r itis  an d  cerv ic itis can  be di- 
ag n o sed  by nucle ic  acid  am pliR cation  tests  (LCR or 
po lym erase  ch a in  rea c tio n ). C u ltu re , an tig en  d e tec tio n  
tests, a n d  gene tic  p ro b e  m e th o d s  are  a lte rn a tiv e  m eth - 
o d s  o f  d iagnosis. A z ith ro m y cin  (1 g, o ra lly  as a single 
dose; m ay  n o t be effective in  LGV) o r  doxycyc line  
(1 0 0  m g, o rally  tw ice a day  for 7 days; 21 days in 
LGV) is the tre a tm e n t reg im en  o f  choice .

Shigella

Shigeỉỉa  species are an  im p o rta n t cause o f d ia rrh ea  
w orldw ide . S h igellosis is caused  by in g es tio n  o f co n tam - 
in a ted  food an d  w ate r o r by  d irec t p e rso n -to -p e rso n  
sp read , in c lu d in g  sexual tran sm issio n , p e rh a p s  because 
o n ly  10 to 100 o rg an ism s are n ee d ed  befo re in íec tio n  
occu rs. A fter in g estio n , o rg an ism s travel th ro u g h  the 
s to m ac h  to the sm all in te s tin es  an d  the colon. 
S ym ptom s m ay in c lu d e  the  a b ru p t on se t o f fever, nau- 
sea, an d  cram py  d ia rrh ea , w h ich  m ay be w ate ry  o r con- 
ta in  b lo o d , m u cu s, an d  pus. D iagnosis is by  cu ltu re . 
C ip ro ílo x ac in  (500  m g, o ra lly  tw ice a day for 3 days) 
is th e  tre a tm e n t o f choice.

Salmonella

Salm oneỉla  species are g ram -negative  bac illi tha t 
cause a sp e c tru m  o f d isease , ran g in g  from  d ia rrh ea

a n d  en te ric  fever to b ac te rem ia , o steom yelitis , and  ab- 
scesses. M ost tran sm iss io n  is Via co n tam in a te d  food and  
w ate r; Salm oneỉỉa  species are very  ra re ly  tran sm itted  by 
sexual con tac t. T h is is possib ly  because as m any  as 104 
to 106 o rgan ism s are req u ired  b e ío re  in fection . How- 
ever, Saỉm onelỉa  has b een  im p lica ted  as a cause of en- 
te ritis  in  MSM.

Cam pylobacter

C am pylobacter  species are cu rved , m otile gram - 
negative  ro d s  th a t are one o f the m o st co m m o n  causes 
o f  ac u te  d ia rrh ea  in  the U n ited  States. In íec tio n  is typ- 
ically  th ro u g h  co n tam in a te d  food an d  w ater, com - 
m on ly  ch ick e n  or dairy  p ro d u c ts . These o rganism s 
have also b een  iden tified  as one etio logy  of p rocto - 
co litis  in M5M.

VIRAL IN FEC TIO N S  

HIV

S exual tran sm iss io n  a c co u n ts  for m ost HIV acquisi- 
tio n  w o rld w id e . Anal in te rco u rse  is the p red o m in an t 
m eans o f tran sm iss io n  am o n g  MSM and  an  im p o rtan t 
m eans of ac q u ir in g  in íec tio n  by h e te ro sex u a l m en and 
vvomen. P a tien ts  in ỉec led  w ith  HIV o íten  have gastro- 
in te s tin a l sym p to m s, in c lu d in g  th ru sh  an d  diarrhea. 
D ysphagia, o d y n o p h ag ia , ab d o m in a l pain , hepato- 
b ilia ry  d isease , an d  an o re c ta l d isease can  be com m on 
in  p a tien ts  w ith  ad v an ced  disease. H ow ever, w ith  the 
a d v e n t of com plex  co m b in ed  an tire tro v ira l and  o ther 
th e rap ies , adverse  effects o f a n tire tro v ira l therapy  are 
o ften  an im p o rta n t ex p la n a tio n  for these sym ptom s.

Herpes Simplex Virus

Sexual tran sm iss io n  o f h e rp es  sim p lex  v irus (HSV) 
o ccu rs  by  d irec t sk in -to -sk in  con tac t. HSV-1 typically 
affects the oraỉ cavity, skin, eyes, Central nervous 
system , a n d  liver, w h ereas  HSV-2 is m ain ly  im plicated  
in  an o g en ita l in fec tio n s, th o u g h  e ith e r  sero type can 
cause  in íe c tio n  in  any  lo ca tio n . D isease is e ith er pri- 
m ary  o r  re c u rre n t because  the  v iru s  goes in to  latency 
a fte r in itia l in ỉec tio n . M ost HSV-1 in íec tion  is asym p- 
tom atic . W h e n  d iag n o sed , p re se n ta tio n  is usually  
su d d e n , w ith  g ro u p s  of p a in íu l vesicl.es w ith  an ery- 
th e m a to u s  base. O ral in íe c tio n  can  p re se n t as an  exu- 
da tive  p h a ry n g itis  in  ad u lts . L esions m ay occur 
an y w h ere  in  the oral m ucosa. In  m o st patien ts , the 
d isease is se lf-lim ited  an d  reso lves afte r 10—14 days. 
HSV-2 c o m m o n ly  causes an o re c ta l d isease. In itia ỉ pre- 
s e n tạ tio n  is u su a lly  in o re  severe th a n  re c u rre n t disease, 
w ith  fever, severe pain , and  co n s tip a tio n . H lV -positive



p a tie n ts  m ay have severe acu te , re c u rre n t, o r ch ro n ic  
d isease , w ith  in v o lv em en t an y w h ere  along  the gastro - 
in te s tin a l trac t, p re se n tin g  as o d y n o p h ag ia , g as tro in tes- 
tinal b le ed in g , an o re c ta l p a in , an d  occasionally  colitis. 
HSV h e p a tit is  is a ra re  d isease th a t can  be caused  by 
e ith e r  se ro tỵpe . P a tien ts  w ith  HSV h ep a titis  are gener- 
ally im m u n o co m p ro m ised , su c h  as tra n sp la n t p a tien ts  
on  an tire je c tio n  m ed ica tio n s  an d  H lV -positive patien ts. 
P re sen ta tio n  is u su a lly  íu lm in a n t an d  w ith  a h igh  fa- 
tality rate . D iagnosis is o ften  c lin ical, w ith  co n íìrm atio n  
by viral c u ltu re  o r  po lym erase  ch a in  reac tio n  (PC R ), 
w h ich  is sen sitiv e  b u t has lin iited  availab iìity . T reat- 
m e n t d e p e n d s  on  w h e th e r  d isease is p r im a ry  o r  recu r- 
ren t, th e  lo c a tio n  o f in íe c tio n , and  the im m u n e  s ta tu s  of 
the  host. A cyclovir, íam ciclov ir, o r  valacyclovir is typ- 
ically u sed  to sh o r te n  th e  d u ra tio n  o f sy m p to m s, to 
red u ce  pa in , an d  for p ro p h y lax is , b u t does n o t red u ce  
a sy m p to m atic  sh e d d in g  an d  tran sm issio n . V accines 
have the  p o te n tia l to stem  tran sm iss io n  o f d isease 
and  re d u c e  th e  íreq u en cy  an d  severity  o f re c u rre n t 
d isease b u t a re  n o t y e t c lin ically  available.

Human Herpesvirus 8

H u m an  h erp e sv iru s-8  (H H V -8), o r K aposi’s 
sa rco m a-asso c ia ted  h erp esv iru s  (KSHV), is a novel 
h e rp e sv iru s  id en tif ied  in  1994. ỉt  is th o u g h t to be trans- 
mittecl p rim arily  th ro u g h  sexual c o n tac t an d  to be the 
e tio log ic ag e n t of K ap o s ĩs  sa rco m a (KS), body  cavity- 
based ly m p h o m a  (a v arian t o f n o n -H o d g k in ’s lym - 
p h o m a ), a n d  p e rh a p s  m u ltìc e n tr ic  C astlem an ’s d isease. 
T he p rec ise  m e th o d  o f tran sm iss io n  is u n k n o w n  b u t 
virus h as  b ee n  ío u n d  in  saliva an d  to a lesser e x te n t in 
sem en , the  fem ale g e n ito u rin a ry  trac t, th e  g as tro in tes- 
tinal trac t, a n d  the p ro s ta te . T h e re  are also re p o rts  of 
the v irus b e in g  tran sm itte d  by o rg an  tran sp lan ta tio n . 
D iagnosis h as  n o t ye t b ee n  s ta n d a rd iz e d  b u t PCR an d  
sero log ic m e th o d s  have b een  deve loped . A lth o u g h  th e  
b es t tre a tm e n t o p tio n s  for H H V-8 are still u n k n o w n , it 
has been  o b served  th a t h igh ly  ac tive a n tire tro v ira l 
the rapy  (HA A RT) is assoc ia ted  w ith  reg ressio n  o f 
KS lesions.

Human Papillomavirus

H u m an  p ap illo m a v iru s  (HPV ) is the m o st co m m o n  
sexually  tra n sm itte d  in fec tio n  in  the  U n ite d  States. 
It is the e tio log ic  ag en t o f an o g en ita l, o ral, re sp ira to rv , 
an d  sk in  co n d y lo m ata ; anal and  cerv ical in tra ep ith e iia l 
neop lasia ; a n d  anogen ita l m alignancy , in c lu d in g  the 
an u s an d  th e  cervix . D iagnosis is íreq u e n tly  m ade by 
clin ical ap p e a ra n c e  o f  ex o p h y tic  w arts . H ow ever, for 
m ost cerv ica l an d  ana l in tra e p ith e ỉia l neop lasia ,

cy to logy  is u su a lly  th e  first d iagnostic  s tep , fo llow ed 
by co lp o sco p y  o r  h ig h -re so lu tio n  an o sco p y -d irec ted  bi- 
opsy for h is to p a th o lo g ic  co n S rm atio n . T he ap p lica tio n  
o f acetic  acid  an d  iod ine  inc reases th e  se n sitiv ity  of 
co lp o sco p y  to d e te c t lesions. PCR an d  h y b rid  cap tu re  
assays can  d e te rm in e  the  HPV type. T h ese  tests  are no t 
u sed  ro u tin e ly  in  c lin ica l p rac tice  b u t  are c u rren tly  
being  investiga ted . T re a tm e n t o f w arts  is u su a lly  for 
cosm etic  reasons, th o u g h  occasionally  they  m ay cause 
sy m p to m s an d  w a rra n t rem oval in  the an o g en ita l, o ral, 
an d  resp ira to ry  areas. H igh-grade anal an d  cervical 
lesions are ab la ted  in  a varie ty  o f w ays to p rev en t inva- 
sive cancer. L ow -grade d isease is fo llow ed closely. B oth 
th e ra p eu tic  an d  p rev en ta tiv e  vaccines are c u rren tly  
u n d e r  dev e lo p m en t.

Hepatitis A

H epatitis  A v iru s  (HAV) is an  RNA v iru s  tran sm itte d  
via the o ra l—íecal ro u te , e ith e r  by in g estin g  con tam i- 
na ted  food  an d  w ate r o r by sexual tran sm issio n . ỉnfec- 
tio n  u su a lly  re su lts  in  an  acu te , se lf-lim ited  d isease. 
P ro d ro m al sy m p to m s o f m alaise, n au sea , vom iting , 
an d  fever lead  to m a rk e d  ja u n d ic e  an d  s ig n iíìc an t ele- 
vations in a m in o tra n s íe ra s e s  (to  over 1000 |i/lite r) . O nly  
a sm all p ro p o rtio n  o f cases p ro g ress  to fu h n in a n t dis- 
ease, w ith  an  in c re ase d  risk  in p a tien ts  w ith  ch ro n ic  
h ep a titis  c or o th e r  u n d e rly in g  liver d iseases. D iagnosis 
is by sero logy , w ith  a p ositive  se ru m  im m u n o g lo b u lin  M 
(IgM ) anti-H A V  in  acu te  in íec tion . T re a tm e n t is m ain ly  
su p p o rtiv e  b u t tra n sp la n ta tio n  m ay be n ecessary  in  ful“ 
m in a n t d isease . F o r su scep tib le  ad u lts , p rev en ta tiv e  
h ep a titis  A v accine is im p o rta n t in  a t-r isk  p o p u la tio n s , 
especially  in  MSM.

Hepatitis B

Sexual tran sm iss io n  rem ain s th e  p r im a ry  m ode of 
in íe c tio n  by h e p a tit is  B v iru s  (H B V )in the  deve loped  
w orld . P erin a ta l tran sm iss io n , in íec tio n  d u r in g  ch ild - 
hoo d , in je c tio n  d ru g  use , an d  tra n s íu s io n s  are  o th e r  
m e th o d s  o f  ac q u ir in g  in íec tio n . M ost in íe c tio n  is sub- 
clin ical. In d iv id u a ls  w ho  deve lop  sy m p to m s m ay  pres- 
en t w ith  m alaise, fatigue, an d  rig h t u p p e r  q u a d ra n t 
ten d ern ess , fo llow ed  by  ja u n d ic e  w ith  am in o tran s íe r-  
ases values over 1000 ja/liter. Less th a n  1% of p a tien ts  
w ill develop  ĩu lm in a n t disease. T he ra te  o f  p ro g ressio n  
to ch ro n ic  h ep a tit is  is re la ted  to the age o f in íec tio n ; in 
ad u lts , th is  is less th a n  5%. T he d iag n o sis  o f HBV infec- 
tio n  can  also  b e  m ad e  by se ro logy  w ith  the  d e tec tio n  of 
h ep a titis  B su ríac e  an tig en  (HBsAg). HBV DNA by PCR 
is o ften  u sed  to  assess re sp o n se  to  th e rap y . T re a tm en t of 
acu te  d isease  is genera lly  su p p o rtiv e . Selected  p a tien ts



w ith  ch ron ic  disease m ay benefit froni lam ivud ine and 
the new er an tiv ira ls  th a t are bcing  developed . Preven- 
tative hepatitis  B vaccines rem ain  the best strategy for 
co n tro l o f disease and  are w idely  available.

Hepatitis c
T he risk  of sexual transm ission  of hepatitis  c virus 

(HCV) is though t to be low , b u t p a rtn e rs  of patien ts  
in fected  w ith  hepa titis  c, MSM, and  ind iv iduals w ith  
m u ltip le  sexual p a rtn e rs  have an  increased  rísk  o f in- 
íection. M ost ind iv iduals have acqu ired  in íec tio n  paren- 
tally th ro u g h  in jec tio n  d ru g  use o r vía con tam inated  
b lood  transĩusions. H ow ever, m ore than  40% of 
new ly in íected  patien ts have no  identifiable risk  íactor. 
M ost pa tien ts  w ith  acu te  in íection  are asym ptom atic  
and  m ost acu te in íections vvill becom e chron ic . Diag- 
nosis is by serology íor detec tion  of anti-H C V  anti- 
bodies. D etection  of HCV RNA by PCR is used 
increasing ly  to con íìrm  the d iagnosis an d  to assess re- 
sponse to the rapy  of hepa titis  c. T reatm en t op tio n s in 
se lected  pa tien ts  w ith  ch ro n ic  d isease in c ìu d e  com bi- 
na tio n  therapy  w ith  pegylated  in teríeron  and  ribavirin .
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Shigella
J É RÔ ME ViALA AND D a n a  J . P h i l p o t t  

Institut Pasteur, Paris

b a c illa r y  d y s e n te r y  D iarrb ea l i l ln e ss  c a u se d  by  b acterìa  
b c lo n g in g  to th e  g e n u s  Sh ig e lla . 

p a th o g e n ic ity  is la n d  M o b ile  g e n e t ic  e le m e n t, o fte n  e n c o d in g  
v ir u le n c e  g en es; fo u n d  in  m a n y  p a th o g e n ic  b acteria  and  
p ro p a g a te d  by  h o r izo n ta l g e n c  iran síer . 

ty p e  III s e c r e t io n  a p p a ra tu s M a cro m o lecu la r  stru c tu re  o n  

the  su r ía c e  o í  so m e  g ra m -n eg a tiv e  p a th o g e n ic  b acteria; 
req u ired  for th e  d irect tr a n slo c a tio n  o f  b acteria l v iru - 
le n c e  p r o te in s  in to  th e  c y to so l o f  th e  h o st  c e lì .

Bacillary dysen tery  is a m ajo r cause of m orb id ity  and 
m o rta lity  th roughou t the w orld , especially  in in fan ts 
and  young  ch ild ren  in  devcloping coun tries. Shigeỉỉa 
spp . are the  causative agents o f th is  d isease. Bacillary 
d y sen tery  is a m ajor pub lic  hea lth  p rob lem  in  light of 
the highly contagious natu re  o f th is  infection , the 
em ergence o f m u ltip le  an tib io tic  resis tance, and  the 
lack of an  eílcctive vaccine.

M ICROBIOLOGY

Shigella  sp p . b e lo n g  to  th e  fam ily E n te ro b acte riaceae  
and  are closely  re la ted  to  Escherichia coli. T hey  are 
g ram -nega tive , n o n m o tile , an d  n o n en c ap su la te d  bacilli. 
T he fo u r species, Shigeỉỉa dysenteriae, Shigeỉỉa jlexn er i, 
Shigelỉa  boydii, an d  Shigeỉla sonnei, a re  d iffe ren tia ted  by 
lip o p o ly sac ch a rid e  (LPS) an tig en s  (A, B, c ,  an d  D, re- 
sp ec tiv e ly ), b io ch em ica l p ro p e rtie s , an d  phage o r coli- 
c in  su scep tib ility . D ifferen t se ro ty p es su b d iv id e  each  
species.

Virulence Factors

T he in íec tiv ity  o f  Shigelỉa  spp . is d e p e n d e n t o n  bac- 
te ria l en try  in to  h o st cells. T he invasive p h en o ty p e  de- 
p en d s  o n  the  p resen ce  of a large p lasm id ; s tra in s  th a t 
lack  th is  p la sm id  are no  lo n g e r invasive o r v iru len t. 
P ro te in s  e n c o d e d  by genes co n ta in e d  w ith in  a pa thoge- 
n ic ity  is la n d  in the  p la sm id  in d u c e  bac te ria l en try  in to  
h o st eells. T hese  p ro te in s  fo rm  a type III se c re tio n  ap- 
p a ra tu s  th a t transĩers  a n u m b e r  o f v iru len ce  p ro te in s  
d irec tly  from  the b ac teria  in to  th e  h o st cytoso l, to in d u ce

F IG U R E  1 Sh igeỉỉa  is able to recruit h ost ce ll actin  to form  an 
actin com et tail, necessary for intra- and  intercelỉu lar propul- 
sion . Hcrc, prim ary cu ltures o f  m ouse en terocytes are in íected  
by 5. Ị ìc x n e r i, vvhich exp ress green ílu orescen i proicin  (GFP); 
the bactcria l-associated  actin com et la ils are stained  
w ith  phallo id in /tetraethylrhodam ine isoth iocyanate . M icrograph  
cou riesy  o f  Drs. Rafika A thm an and Sylvie R ohine, Institut 
C urie, Paris, France.

a form  of m a cro p in o cy to sis  th a t effec tuates bac teria l 
invasion . O nce in sidc  the  cell, Shigeỉla  m oves w ith in  
the  cy toso l an d  from  cell to cell u s in g  ac tin -based  
m o tility  (see Fig. 1).

T he v iru le n ce  o f  s. dysenteriae type 1 is c o m p o u n d ed  
by the  ex p re ss io n  o f a p o te n t cy to to x in , ca lled  sh iga 
tox in . T h is  to x in  is an  AB su b u n it to x in  th a t m ed iates 
cell d ea th  th ro u g h  in h ib itio n  o f p ro te in  syn thesỉs . Shiga 
to x in  effectively  ta rge ts  those  cells th a t express 
g lob o triao sy l ce ram id e  (G b 3), w h ich  is the rec ep to r  
for the  tox in . Shiga to x in  is im p o rta n t for the  develop- 
m en t o íh e m o ly tic  u rem ic  synd rom e (HƯS; see la ter).

Immune Response

Shigeỉỉa  in íe c tio n  in d u ces  local in n a te  im m une 
deíense  sy stem s, in c lu d in g  the re c ru itm e n t of bac- 
te ric ida l n e u tro p h ils  to  the  in ĩec ted  site . In  te rm s of 
adap tive  im m u n ity , th e  p ro d u c tio n  o f se c re to ry  im m u- 
n o g lo b u lin  (IgA) d irec ted  ag a in st th e  o a n tig en  of



lip o p o ly sacch a rid e  has been  show n  to be p ro tec tiv e  
in  an im al m odels o f sh igellosis. H ow ever, th is im m u n ity  
is re la tive ly  sh o rt-liv ed  an d  se ro ty p e  speciíìc, w h ich , 
to g e th er, g rea tly  h am p ers  the  successíu l design  of 
effective vaccine cand ida tes.

EPIDEM IOLOGY

Shigella  is exc lusively  a h u m a n  p a th o g en  an d  is trans- 
m itted  by  the fecal—oral ro u te  th ro u g h  close p e rso n a l 
c o n tac t o r by w ay o f in fec ted  food o r w ater. In co n tra s t 
to the  o th e r  en te ro p a th o g e n s , S h i g e l l a  is h igh ly  con ta- 
g ious; as few as 200 s .jỉexn er i  o rg an ism s are su ffic ien t to 
in d u c e  d ia rrh ea  and fever. F or co m p ariso n , s im ilar 
sy m p to m s and a s im ilar a ttack  rate  d u e  to Salm oneỉla  
req u ire  an in o cu lu m  100 tim es greater.

In  d eve loped  c o u n trie s , sh ige llosis  causes d isease 
p rim a rily  in  cu s to d ia l in s titu tio n s , n u rs in g  hom es, or 
day -care  cen ters. E ach  year, 15 ,000  cases o f sh igellosis, 
e s s e n t i a l ly  d u e  to  5 . s o n n e i ,  a r e  r e p o r t e d  in  th e  U n i t e d  

States. Shigellosis is co m m o n  in dev e lo p in g  co u n trie s  
w h ere  poverty , o v erc row d ing , p o o r hygiene, an d  m al- 
n u tr it io n  prevaìl. T he W o rld  H ealth  O rg an iza tio n  
(W H O ) es tim ates  th a t sh ige llosis  causes 160 m illion  
cases o f d ia rrh ea  each  year an d  1.1 m íllion  d ea th s  w orld- 
w ide. Shigclỉa /lexneri, an d , lo a lesser extern , s. sonnei, 
are  resp o n sib le  for en d em ic  d isease w hereas ep id em ic  
o u tb re a k s  are du e  to 5. ảysenteriae  type 1. Shigeỉỉa  
in íe c tio n  is a d isease essen tia lly  of ch ild ren  less than  
5 years  o f age.

D IA G N O SIS  

Clinical Diagnosis

A fter an a sy m p to m atic  in c u b a tio n  p e rio d  o f 1 — 
7 days, sh ige llosis beg ins su d d e n ly  w ith  abdom inal 
p a in , vom iting , ano rex ia , an d  fever. S oon a íter, w atery  
d ia rrh e a  develops; th is  b eco m es b loody  in  50% of pa- 
tie n ts  and  p re se n ts  w ith  ten esm u s and ab d o m in al 
cram ps. T hese in te s tin a l co n tra c tio n s  m ay in d u ce  rec tal 
p ro lap se . In  h ea lth y  v o lu n te e rs  w ith o u t an tib io tic  treat- 
m e n t, d ia rrh ea  aba tes by  the  sev en th  day, a lth o u g h  stool 
c u ltu re s  rem ain  positive  for an  average o f 27 days.

Paraclinical Exams

L eukocy tosis  is o ften  m ild  b u t can  b eco m e leuke- 
m o íd  (m o re  th a n  5 0 g /lite r ) . The ex am in a tio n  o f íresh  
stoo l s ta in ed  by m e th y len e  b lue  can reveal s ig n iíìcan t 
le u k o cy te  co u n ts , co n s is te n t w ith  a nonspeciíìc  inva- 
sive bac te ria l pathogen . Stool cu ltu re  is the m o st 
in ío rm a tiv e  exam .

Complications

C o m p lica tio n s  o cc u r m ore ữ e q u e n tly  am o n g  very  
y o u n g  o r m a ln o u rish e d  ch ild ren  in  dev e lo p in g  coun - 
tries. D u rin g  the  acu te  phase , m etabo lic  d iso rd ers  su ch  
as hypog lycem ia  an d  h y p o n a tre m ia  can  be observed . 
D eh y d ra tio n  a n d  sep ticem ia  are rare  d u rin g  shigellosis. 
A m ong d igestive co m p lica tio n s, tox ic m egaco lon  and 
in te sú n a l p e r ío ra tio n  are m ore frequen tly  observed  w ith  
5. dỵsenteriae  type 1, w h ich  can resu lt in  a high m o rta lity  
rate . N eu ro lo g ica l co m p lica tio n s  can  also occur. F or 
exam ple , se izu res  m ay o ccu r in ch ild ren  before fever 
ap p ears  and  s. Ịlexneri has b een  d o cu m en te d  to cause 
en c ep h a lo p a th y  w ith o u t hypoglycem ia and  bac teria l 
m en ing itis .

Shigclla  in fec tion  can in d u ce  p ro te in -lo s in g  en tero - 
p a th y , w h ic h  m ay be resp o n sib le  for g row th  re ta rd a tìo n  
in ch ild ren . Im m u n e d e reg u la tio n  m ay cause R eiter’s 
sy n d ro m e in  HLA-B27 p a tien ts  in associa tion  w ith  ar- 
th ritis , u re th r itis , an d  co n ju n ctiv itis . HUS can b e  a com - 
p lica tio n  fo llow ing  in íe c tio n  w ith  s. dysenteriae  type 1, 
du e  to sh iga  tox in . HUS is charac te rized  by a c u te  he- 
m oly tic  anem ia , th ro m b o c y to p en ia , an d  rena l failure. 
B oth h em o ly tic  u rem ic  an d  R eiter’s sy n d ro m es can 
o ccu r d u r in g  the conva lescence phase  aíter d ia rrh ea  
has subsided .

TREATM ENT

Curative

E xcep t for sy m p to m atic  trea tm e n t to co n tro l hypo- 
g lycem ia, h y p o n a tre m ia , o r  se izu res , the m ain  th e rap y  
o f sh ige llo sis  is an tib io tics. In  developed  co u n trie s , a 
m a jo rity  o f Shigelỉa  in íec tio n s  are m ild  an d  se lf-lim ited  
an d  o ften  do  n o t req u ire  an tib io tic  trea tm en t. H ow ever, 
in  severe sh ige llosis , several an tib io tics  have b een  dem - 
o n s tra ted  to  red u ce  the d u ra ú o n  of the disease an d  elim - 
in a te  Shigelìa  from  the  stoo l. Hovvever, sh igc ỉỉa  spp. 
have a c q u ired  resis tan ce  to a n u m b e r of an tib io tics , 
in c lu d in g  te tracyc line , am p ic illin , tr im e th o p rim - 
su lfam eth o x azo le , an d  ílu o ro q u in o lo n e . T he cho ice  of 
a n tib io ú c  sh o u ld  be a d a p te d  to the local ep idem io logy  
of res is tance  an d  to the re su lts  o f the stool cu ltu re , if 
available.

Preventive

P erso n -to -p e rso n  tran sm issio n  of Shigella  can  be 
red u c ed  by h a n d  w ash ing  w ith  soap , seg regating  the 
ill p e rso n s , an d  se p ara tin g  ea ting  areas íro m  care 
zones. In creased  san ita ry  co n d itio n s  in deve lop ing  
c o u n trie s  w ill c e rta in ly  decrease  the inc idence o f this



in íe c tio n . Efficient vaccines are n o t cu rre n tly  available; 
how ever, the d ev e lo p m e n t o f a m u ltiv a len t vaccine 
effective aga in st the m ost p rev a len t species o f  Shigella  
is a m a jo r p rio rity  for th e  W H O .

See Also the Following Articles

Bacterial Toxins •  Foodbome Diseases •  Food Poisoning •  
Food Saíety • Salm oneỉỉa  •  Yersinia

Further Reading

Kotlọff, K. L., W inickoff, J. p., Ivanỏff, B., C lem ens, J. D., Swerdlow, 
D. L., and Sạnsonetti, p. ). (1999). Global burden of Shigelỉa 
inĩecúons: Im plications for vaccine developm ent and im ple- 
m em ation of control strategies. Buỉỉ. W oríd Health Orgcm 77 (8 ), 
6 5 1 -6 6 6 .

Philpott, D. J., Edgeworth, J. D., and Sansonetti, p. J. (2000). The 
pathogenesis of Shigeìla Jỉexneri infection: Lessons from in vitro  
and in vivo studies. Phiỉos. Trans. R. Soc. Lond., B, Bioỉ. Sci. 
3 5 5 (1 3 9 7 ), 5 7 5 -5 8 6 .

Short Bowel Syndrome
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cholerrheic diarrhea Resulting from  th e  presence o f  

malabsorbed bile acids. 
dual-energy X-ray absorp tiom ctry  N on in vasive  technique  

used  to  a ss e s s  b o d y  c o m p o s it io n , sp e c iíìc a lly  b o n e  an d  
so  ít t issu e .

hyperosmolar fluid Highly concentrated solution that 
c o n ta in s  sev era l o sm o t ìc a lly  a c t iv e  p a r tic le s , su c h  as 
g lu c o se  or so d iu m . 

i s o to n ic  ílu id  S o lu tio n  that c o n ta in s  e le c tr o ly te s , n o n -  
e le c tr o ly te s , or a c o m b in a t io n  o f  b o th , h a v ln g  th e  sa m e  
co n c e n tr a t io n  as th e  s o lu t io n  to  w h ic h  it  is  b e in g  
co m p a red  (e .g .,  b lo o d ).  

p o ly m e r ic  C o n ta in in g  c o m p le te  p r o te in s , c a rb o h y d ra tes , an d  
fat rather than  precỉigested  su b s ta n c e s .  

probiotics Live microbial suppỉements; used to reestablish 
norm al in te s t in a l ílora. 

secretory diarrhea Resulting from the excessive secretion of 
w ater a n d  e le c tr o ly te s  in to  th e  lu m e n  o f  th e  b o w el;  
p ersists  o r  s lo w s  o n ly  p a rtia lly  a fter 2 4 —4 8  h o u r s  o f  
ía stin g .

Short bowel syndrome is a relatively rare, but devastating, 
clinical problem characterized by severe diarrhea, malab- 
so rp tion , fluid and  electro ly te abnorm alities, and  P rogres
sive m alnourishm ent resu ltin g  from  the loss o f functional 
small bowel absorptive surface area. Although the care of  
patients has often íocused on m inim izing sym ptom s and 
the appropriate replacement of íluid and nutrient losses,

therapeutic advancem ents and com prehensive treatment 
prograins offer new options.

AN ATO M IC A N D  PHYSIOLOGIC  
FACTO RS

E sú m a tes  o f a d u lt sm all in te s tin a l len g th  v ary  from  12 to 
20 feet (o r  365  to  600  cm ). L ength  h as  been  found  to 
v ary  w ith  the  h e ig h t a n d  sex  o f the in d iv id u a l, being  
sligh tly  lo n g e r  in  m en . T h e  d u o d e n u m  is th e  íỉrst seg- 
m e n l o f the  sm all bow el an d  m easu res  ap p ro x im ate ly  
10 in ch es  (25 cm ). T he rem a in d e r  o f th e  sm all bow el is 
co m p o sed  o f the je ju n u m  a n d  ileu m ; w ith  the m o re  
p ro x im a l je ju n u m  co m p ris in g  a p p ro x im a te ly  tw o-fifths 
of th is  le n g th  a n d  the  ile u m  co m p ris in g  th ree-fifths. 
T h ro u g h o u t the  sm aỉl bow el, th e  m u co sa  is com posed  
of co n v o lu ted  fo lds co n ta in in g  íin g erlik e  p ro jec tio n s  
(v illi) th a t p ro tru d e  in to  the lu m en . T hese v illi are  fur- 
th e r  au g m e n te d  by  th e  p resen ce  o f m ic ro v illi (ap p ro x - 
im ate ly  2 X 108 p e r  sq u a re  ce n tim e te r)  o n  the o u te r, o r 
b ru sh  b o rd e r , reg io n  o f the  ep ith e lia l cells, co n trib u tin g  
to th e  e n o rm o u s  to ta l ab so rp tiv e  su ríace  area o f the 
a d u l t  sm all in te s tin e .

M any  su b stan ce s  are  ab so rb ed  th ro u g h o u t the 
le n g th  o f the sm all in te s tin e , b u t ce rta in  n u tr ie n ts



tend  to be  abso rbed  m ore in  one reg ion  th an  ano ther. 
T he p ro x im a l in te s tin e  is the  m a jo r site  for the absorp- 
tion  o f iro n , ca lc ium , w ate r-so lu b le  v itam ins , m ono- 
g lycerides, an d  s im p le  ía tty  acids. Sugars are 
abso rbed  in  the p ro x im a l an d  m id in tes tin e . A m ino 
acids ap p ear to be ab so rb ed  p rim arily  in  the  m id in tes- 
tine o r th e  je ju n u m , a lth o u g h  som e a b so rp tio n  also oc- 
cu rs  in  the  p ro x im a l an d  d ista l segm ents. ĩn te stin a l 
in tu b a tio n  s tu d ies  have sh o w n  th a t the ab so rp tio n  of 
ca rb o h y d ra te , p ro te in , an d  sim ple fatty acids is p rim a- 
rily  com ple te  w ith in  th e  fìrst 100 cm  of the  je ju n u m . T he 
d istal sm all bow el (ileu m ) ap p ears  to be the m a jo r ab- 
so rp tive  area for v itam in  B12 an d  for b ile  salts. The bile 
salts play  an im p o rta n t ro le  in  the ab so rp tio n  of fat (o r 
trig lyeerides) an d  fa t-so lub le  v itam ins. A lthough  the 
co lon  is an  im p o rta n l site for the a b so rp tio n  of w ater 
an d  e lec tro ly tes , the sm all bow el also p lays an  im p o rtan t 
role. U n d er norm al c ircu m stan ces, the in te stin e  is p res- 
en ted  w ith  ~ 2 0 0 0  m l o f ingested  ílu ids an d  ~ 7 0 0 0  m l 
of sec re tio n s from  the  g as tro in tes tin a l trac t an d  associ- 
a ted  g lands. A pprox im ately  98%  of th is  fluid is reab- 
so rb ed  (w ith  estim ates o f ~ 5 5 0 0  m l in the je ju n u m , 
~ 2 0 0 0  m l in  the ileum , an d  ~ 1 3 0 0 m l in  the  co lo n ), 
w ith  a da i ly ílu id  loss o f ~ 2 0 0 m l  in  the stool.

ETIOLOGY

S ign iíìcan i loss o r d y síim ctio n  o f the in te s tin a l absơrp- 
tive su ríace  area resu lts  in  the sh o r t bow el syndrom e. 
T his sy n d ro m e is m o st o fien  the resu lt o f ex tensive  re- 
sec tion  o f the sm all bow el due to in ía rc tio n  of the m es- 
en te ric  vessels, in te stin a l vo lvu lus, trau  m a, m alignancy , 
congen ita l ab n o rm a litie s , o r co m p lica tio n s o f C ro h n ’s 
d isease. Less o ften  the  defect is íu n c tio n a l, ra th e r  th an  
an a tom ica l, such  as in  ihe case o í ra d ia tio n  en te ritis  o r 
severe in ílam m ato ry  bow el disease.

CLINICAL DESCRIPTION

S hort bo\vel sy n d ro m e is a com plex  of sym p to m s con- 
sis ting  o f severe d ia rrh ea  an d  m aero- an d  m ic ro n u trie n t 
m a lab so rp tio n  re su ltin g  in su b o p tim al h y d ra tio n , elec- 
tro ly te  disturbances, Progressive w eight loss, and  n u  tri- 
e n t deíìciencies. T hese p ro b lem s can  be physically  
d eb ilita tin g  a n d  socially  in cap ac ita tin g  an d  can  req u ire  
aggressive in te rv en tio n s  th a t can  co n trib u te  to a m yriad  
o f com p lica tio n s. T he severity  o f the sh o r t bow el 
sy n d ro m e is d e le rm in e d  by a n u m b e r o í íactors., inc lud - 
ing  (1) the degree to w h ich  the bow el has ad a p te d  fol- 
low ing  resection , (2) the  leng th , lo ca tio n , an d  hea lth  of 
the rem a in in g  sm all bow el, an d  (3) the p resence  or 
absence of the colon.

FACTORS INFLƯ EN CIN G  SEVERITY 

Bowel Adaptation

T he p rocess  o f bow el ad a p ta tio n  is c h a rac te rize d  by 
an  e longation  an d  d ila tio n  of the re m n a n t bow el, an d  in  
an im al m odels an  inc rease  in  v illus heigh t, c ry p t d e p th , 
ce ll p ro liĩe ra tio n , an d  enzym e activity. T hese  a lte ra tio n s  
in  bow el m o rp h o lo g y  an d  fu n ctio n  are th o u g h t to  be 
m ed ia ted  in  p a rt by facto rs ex trin sic  to the g as tro in tes - 
tinal trac t (h o rm o n es , g row th  factors, p ro s tag lan d in s , 
e tc .), by local ỉac to rs  b ro u g h t in to  p lay  by the p ro v is io n  
of o ral o r en te ra i íeed ings (e.g ., en teric  h o rm o n e s , pan- 
c re a tic —biliary  se c re tio n s), an d  by ex p o su re  o f th e  m u- 
cosa to speciíìc n u tr ie n ts  o r n o n n u lr ie n t c o m p o n e n ts  of 
the d ie t (e.g., sh o r t ch a in  fatty  acids, g lu ta m in e , fìber). 
In an im als, the  absence o f lu m in al n u tr ie n ts  in h ib its  
in te s tin a l hy p erp lasia  even w h en  necessary  a m o u n ts  
o f ca lo ries a re  p ro v id ed  paren tera lly . C lin ically , 
bow el ad a p ta tio n  is m a rk e d  by g radua l im p ro v e m en ts  
in  sym p to m s— a d ecrease  in  d ia rrh ea  an d  an  im p ro v ed  
to le ran ce  to  an d  a b so rp tio n  of en tera l n u tr ie n ts . Al- 
th o u g h  the  p rocess  of bow el ad ap ta tio n  beg in s a lm ost 
im m ed ia te ly  fo llow ing  ex tensive resec tion , the  p rocess 
m ay n o t be m ax im ized  for 1 — 2 +  years.

Length, Location, and Health of 
Remnant Bowel

Because o f the trem en d o u s  len g th  o f the  sm all 
in te stin e  and  its  ab ility  to a d a p t an d  c o m p en sa te  for 
the loss o f ab so rp tiv e  su rĩace  area, re la tive ly  n o rm al 
in te stin a l íu n c tio n  co u ld  be ex p ected  a íte r resec tio n  
o í  ap p ro x im a te iy  o n e - th ird  o f the bow el. H ow ever, re- 
sec tio n s n ecess ita tin g  the rem oval o f g rea te r th a n  50%  of 
the  sm all bow el are associa ted  w ith  m e tab o lic  com pli- 
c a tio n s an d  o ften  req u ire  m ore aggressive in te rv en tio n s .

In a d d itio n  to  re m n a n t len g th , the  site  o f th e  resec- 
tio n  in ílu en ces the clin ical sequelae. Loss of the distal 
sm all in te s tin e  is o ften  m o re  d ev asta tin g  th a n  loss of the 
m o re  p ro x im a l bow el. lf  the  je ju n u m  is rem o v e d , the 
ileum  o ften  ad ap ts  an d  assum es its ab so rp tive  functions. 
H ow ever, because  o f the u n iq u e  fu n ctio n s o f the ileum , 
p a rticu la rỉy  b ile  sa lt ab so rp tio n , loss o f even  100 cm or 
less o f ileum  can  resu lt in  w atery , ch o le rrh e ic  d ia rrh ea . 
W h e n  m ore th a n  100 cm  of ileum  is resec ted , b ile  salt 
loss in  the s to o l can  be considerab le . C o n seq u en tly , 
few er b ỉle  sa lts  are availab le , lim iting  the  ab so rp tio n  
of fat an d  ía t-so lub le  v itam ins, w ith  re su lta n t stea to r- 
rhea . The u n ab so rb e d  free fatty acids b in d  w ith  ca lc ium , 
m agnesium , a n d  zinc, ío rm in g  in so lub le  in tra lu m in a l 
soaps. T he p ro lo n g e d  m a lab so rp tio n  o f these su b stan ces 
n ecessíta tes  su p p le m e n ta tio n  to avo id  d e íìc ien cy  states 
an d  rc la ted  m etabo lic  com plica tions. The ío rm a tio n  oí



u n ab so rb a b le  ca lc ium  soaps p rev en ts  in tra lu m in a l cal- 
c iu m  from  b in d in g  to d ie ta ry  oxalates. l í  co lo n  is pres- 
en t, th e  u n b o u n d  oxalates pass to the  co lon , vvhere they 
are reab so rb ed  and  su b se q u en tly  ex c re ted  in  the u rine . 
A p ro lo n g e d  S tate of h y p e ro x a lu r ia  r e n d e r s  th e  p a tie n t 
p ro n e  to the  dev e lo p m en t o f ca lc ium  oxalate  
n ep h ro lith ias is . An ad d itio n a ỉ íac to r in ílu en c in g  cal- 
c ium  a b so rp tio n  is a re d u c tio n  in  se ru m  2 5 -h yd roxy  
v ita m ín  D levels, w h ich  can  be re la ted  to  the  loss of 
ileal su ríace  area  and  the  associa ted  fat an d  fat-so lub le 
v ita m in  m a lab so rp tio n . P ro lo n g ed  su b o p tim a l levels of 
ca lc iu m  and  v iiam in  D are th o u g h t to  co n trib u te  to the 
b o n e  d isease th a t can  ac co m p an y  th e  s h o r t bow el 
sy n d ro m e.

In a d d itio n  to  the a b so rp tio n  o f fat an d  fa t-so lub le  
v itam ins, the ileum  an d  the  co lon  have a g rea ter ab ility  
th a n  th e  je ju n u m  to conservc  sa lt an d  w ater. In  ad d itio n , 
th e  ileum  and  co lon  havc a m a rk e d  effect o n  s low ing  
in te s tin a l tran sit. C o n seq u en tly , resec tio n s  invo lv ing  
on ly  je ju n u m  often  resu lt in very  little  d ia rrh ea , because 
th e  rem a in in g  ileum  and  co lon  can  ac co m m o d ate  the 
fluid an d  elec tro ly te  load . In  co n tra s t, fo llow ing  ileal 
resec tio n s, the  co lon  receives a la rge , rela tively  iso ton ic  
íluid load . H ow ever, th e  p resen ce  o f  u n a b sờ rb e d  bile  
sa lts an d  free ía tty  acids can  a lte r th e  ton ic ity  o f the 
lu m in a l co n ten ts  and p rod u ce a secretory  State vvithin  
th e  co lon . A lth o ụ g h  th e  co lo n  can  h an d le  ~ 5  liters  of 
ílu id  p e r  day, vo lư m es in  excess o f  th is can  resu ll in  
d ia rrh ea  an d  excessive ílu id  an d  e lec tro ly te  losses. 
F or p a tien ts  w ith  je ju n o s to m ie s  (no  íu n c tio n a l ileu m  
o r co lo n ), the rem a in in g  je ju n u m  is o íte n  u nab le  to 
co n c en tra te  th e  lu m in a l co n ten ts , an d  w ate r  and  so d iu m  
loss is o ften  se ve re.

The Health o f  the  re m n a n t bow el in ílu en ces  th e  se- 
v erity  of the sy m p to m s c o n fro n tin g  th e  p a tie n t w ith  
sh o r t bow el sy n d ro m e . D isease (e .g ., C ro h n ’s) o r dam - 
age (e.g., ra d ia tio n  in ju ry ) can  im p a ir  th e  íu n c tio n in g  
capac ity  o f the rem a in in g  bow el, re n d e rin g  these  pa- 
tien ts  to m ore  p ro n o u n c e d  sy m p to m s an d  lo n g -te rm  
com plications.

Presence or Absence of Colon

ln ad d itio n  to  the  c o lo n ’s im p o r ta n t ro le  in  the  ab- 
so rp tio n  o f ílư id  an d  e lec tro ly tes , it p lays a u n iq u e  ro le 
fo r pa tien ts  w ith  sh o r t b o w el sy n d ro m e. B acteria w ith in  
the co lon  ferm en t m alab so rb ed  ca rb o h y d ra te  (an d  to a 
lesser ex tern  p ro te in )  in to  sh o r t-c h a in  fatty acids, w h ich  
can  then  be u tilize d  for energv. T h u s, for p a tien ts  w ith  
sh o r t bow el, the  p resence  o f  the  co lo n  is  typ ically  a good  
p red ic to r  o í a m ore  ỉavorab le  o u tc o m e  an d  less d ep en - 
dency  on  p a re n te ra l su p p o rt. T he m in im al am o u n ts  
o f sm all bovvel req u ired  to su s ta in  a p a tien t w ith o u t

p a re n te ra l su p p o rt have b een  es tim ated  to  be ap p ro x i- 
m ately  5 0 —70 cm , w h en  the  segm en t is an asto m o sed  to 
íu n c tio n a l co lon , b u t 1 1 0 —150 cm  if no  c o lo n isp re se n t.  
T hese  es tim ates  assu m e th a t the  re m n a n t sm all bow el 
a n d  c o lo n  are  h ea lth y , ad eq u a te  a d a p ta tio n  has oc- 
cu rred , an d  the p a tien t has received  ap p ro p rìa te  m ed ica l 
an d  n u tr itio n a l care.

M EDICAL A N D  
N U TR ITIO N AL M ANAG EM ENT

T h e p rim a ry  sh o rt-  an d  lo n g -te rm  ob ịectives o f Standard 
m ed ica l an d  n u tr itio n a l m an ag em en t o f p a tien ts  w ith  
sh o r t bow el sy n d ro m e sh o u ld  be (1) to  en h a n ce  bow el 
a d a p ta tio n  an d  co m p en sa tio n , (2) to im prove  abso rp - 
tio n  and  reduce  d ia rrh ea , (3) to rep lace  n u tr ie n t and  
flu id  losses ap p ro p ria te ly , an d  (4) to m in im ize  an d /o r  
av o id  lo n g -te rm  com plica tions.

Acute Postoperative Period

T he im m ed ia te  p o sto p e ra tiv e  p h ase  fo llow ing  ex- 
tensive  in te s tin a l resec tio n  is ch a rac te r ize d  by m assive 
d ia rrh e a  an d  ílu id  an d  e lec tro ly te  d is lu rb an ces. D uring  
th is  tim e, aggressive rep lacem en t of ílu id  an d  elect.ro- 
ly tes is reqư ired . C alo rie  and  n u tr ie n l req u irem en ts  are 
m e t via p a re n te ra l n u tr it io n  (PN ) a n d  sh o u ld  be pre- 
sc ribed  ac co rd in g  to  p rev iously  p u b lish e d  guidelines. 
V ery sm all am o u n ts  of lu m in al n u tr ilio n  sh o u ld  be in i- 
tia ted  as early  as possib le  for the  p u rp o se  o f enco u rag in g  
bow el a d a p ta tio n . T he co m p o sitio n  of th e  d ie t sh o u ld  be 
based  o n  the  p re se n ce  o r  absence o f co lon , w ith  the 
q u a n tity  o f fat, ca rb o h y d ra te , an d  p ro te in  evenly  ciis- 
tr ib u te d  th ro u g h o u t the  day. S im ple sugars (p a rticu ỉa rly  
sucrose , íru c to se , an d  lactose) an d  h y p e ro sm o la r  bev- 
erages sh o u ld  b e  avo ided . O ral re h y d ra tio n  so lu tio n s  
can  be tria led . If th e  p a tien t is un ab le  to eat, a po lym eric , 
iso to n ic  liq u id  fo rm u la  sh o u ld  be u tilized . In itially , the 
q u a n tity  o f the  íeed ing  sh o u ld  be re s tr ic ted  (e.g., 
<  500  m l p e r  2 4 -h o u r p e rio d ) to avo id  ỉu r th e r  exacer- 
b a tio n  o f  d ia rrh ea . A n an tim o tility  agen t sh o u ld  be in i- 
tiatecl, an d  an tin au sea  m ed ica tio n  u tilized , if ind ica ted . 
D ue to acid  h y p e rse c re tio n  fo llow ing  resec tio n , an tac id  
th e rap y  sh o u ld  be s ta rted . If e ith e r se c re to ry  o r cho ler- 
rh e ic  d ia rrh e a  is  d o c u m e n te d , ad d itio n a l an tisec re to ry  
m e d ica tio n  can  b e  co n s id e red  (T able I). T h is in itia l 
p o sto p e ra tiv e  p h ase  m ay last for several w eeks or 
even  m o n th s , d ep e n d in g  on  the ex tern  o f the  resection .

Long-Term Management

T he seco n d  p hase  fo llow ing  ex tensive  resec tio n  
is m ark ed  by a d ecrease  in  d ia rrh ea . T he increased



TABLE I Frequently  ư tilized  M edications

Ind icạtion M edication D o sea

Rapid transit Loperamicle 2  m g po qid
A tropine sulfate 2 .5  m g po qid
O pium  tincture 0 .2 5  — 1.0 ml po qid

Secretory diarrhea O ctreotide 5 0 - 1 5 0  |ig  sc  tid
C holerrheic diarrhea C holestyram ine 4 g p o  b id —qid
A cid hypersecretion

H 2 receptor antagonists R anitidine 150 m g po bid  or 150 m g iv qd
F am otid ine 20  m g  po bid or 4 0  m g iv qd

Proton pum p inhibitors O m eprazole 20 m g po bid
Lansoprazole 30 m g po bid

Antinausea C om pazine 5 —lO m g  po t id -q id
Zofran 10  m g iv q d —tid

Bacterial overgrow th M etronidazole 2 50  m g p o  tidb
Tetracycline 2 50  m g po q id ỉ>
C iproA oxin 500  m g po q d -b id h

a For adult patients. Abbreviations: po, periorbital; qid, quater in die (four times daily); sc, subcutaneous; tid, ler in die (three times daily); bid, 
bis in clie (twice daily); iv, intravenous; qd, quaque die (once daily).

^Typically administered for 1 0 -1 4  days.

ad ap la tio n  is accom pan ied  by im p ro v em en ts  in  n u tr ie n t 
ab so rp tion . A ỉthough  the com p o sitio n  of th e  o ral d ie t 
co n tin u es  to  be based  o n  the  p resence  or absence o f 
co lon , th e  vo lum e of food an d  ílu id  is liberalized . Par- 
en tera l su p p o rt is g radually  red u ced  and  m ed ica tio n s 
are ad ju sted , as ind icated . F ollow ing  ex tensive resec- 
tion , it can  take u p  to 1 — 2 +  years be ío re  m axim al 
ad a p ta tio n  is ach ieved , an d  d u r in g  th is tim e the overall 
trea tm e n t p lan  m ay need  to  be ad ju sted  m u ltip le  tim es. 
Some p a tien ts  w ith  sh o rt bow el syn d ro m e p rog ress to a 
th ird  phase, one of full ad ap ta tio n , w h ich  is m a rk e d  by 
the ach ievem en t o f positive n u tr itio n a l balance via o ral 
o r en te ra l n u tr itio n  alone. F or these patien ts, as w ell as 
those w ho  rem ain  d ep e n d e n t o n  paren tera l su p p o rt, it is 
critica l th a t they  be m o n ito red  period ica lly  to m in im ize

the risk  of p o te n tia l co m p lica tio n s associa ted  w ith  sh o rt 
bow el sy n d ro m e a n d /o r  th e ir  lo n g -te rm  n eed  for PN. 
R ecom m enda tions for ro u tin e  m o n ito rin g  are p ro v id ed  
in  Table II.

POTENTIAL LONG-TERM PROBLEMS 

Catheter-Related Complications

F o r those  p a tien ts  w ith  sh o r t bow el sy n d ro m e 
th a t do req u ire  lo n g -te rm  PN, ca th e te r-re la ted  com - 
p lica tio n s, in c lu d in g  ca th e te r  o cc lu sio n  (due to th ro m - 
bosis) an d  ca th e te r-re la te d  in íe c tio n s , are the  m ost 
co m m o n  p rob lem . P rev en tio n  o f ca th e te r occ lu sion  
rem ains a c lin ica l cha llenge, because  the cause can  be

TA.BLE II G uidelines for Long-Tenn M onitoring

Parameter Baseline M onthly Semiannual Annual

W eight X X :K X
Skeletal m uscle m assu X K X
Electrolytes X X :K X
V itam in and trace elem en ts,J X K X
Essential fatty acid proíile X K X
Liver íu n ction  panel1 
K idney fun ction rf

X X :K X
X K X

Bone heakh' X X

“ Assessed by creatinine heỉght index.
^Vitamin and minéral. proíile to include vitamins A, c, D (25-hvdroxy). E, and Bi2, and íolic acid, zinc, selenium , ferritin, and prothrombin. 
1 Liver íunction panel should include total bilirubin, alkaline phosphatase, serum glutam ic oxaloaceiic transaminase, and serum glutamic 

pvruviG iransaminase.
li Assessed by 24-hour creatininc clcarance. 
f Assessed by dual-energv X-rav absorptiometrv.



m u ltiía c to ria l. E fforts to  red u ce  th e  in c id en ce  o f sep tic  
cơ m p lica tio n s  focus o n  the use o f  asep tic  te ch n iq u e s  in 
c a th e te r  p lacem en t a n d  m a in te n an c e  an d  in  so lu tio n  
p re p a ra tio n  and  ad m in is tra tio n .

Liver Dysfunction

A lth o u g h  the use o f PN m ay re su lt in  a lte red  liver 
íu n c tio n  tests as so o n  as 1 — 2 w e e k s  a ĩte r th e rap y  has 
b ee n  in itia ted , liver d y s íu n c tio n  is m o re  íreq u en tly  
th o u g h i to  be a lo n g -te rm  co m p lic a tio n . P atien ts  w ith  
th e  sh o rte s t re sid u a l in te s tin e , p a rtic u la rly  those  w ith o u t 
[u n c tio n in g  re m n a n t co lon , are at g rea tes t risk  of devel- 
o p in g  ev en tu a l liver failư re, su g g estin g  th a t th e  degree of 
m a lab so rp tio n  a n d /o r  th e  level o f  d ep e n d e n c e  o n  paren - 
teral n u tr it io n  are th e  like ly  causes o f th e  d y síu n c tio n . 
A lth o u g h  n u tr ie n t d e ík ie n c ie s  (e .g ., cho line , ca rn itin e , 
g lu ta m in e , v itam in  E, ta u rin e )  an d  tox ic ities  (e.g ., m an- 
ganese) have been  suggested. as p o te n tia l causes o f liver 
d y s íu n c tio n , dex tro se  o v erfeed ing , lip id  overload , and  
bac teria l o v erg ro w th  are m ore typ ically  associa ted  w ith  
the ab n o rm a litie s . To p rev e n t P N -associa ted  liver d is- 
ease, ca rb o h y d ra te  o v e ríe ed in g  a n d  th e  excessive use of 
lip id  e m u ls io n  sh o u ld  be av o id ed , PN sh o u ld  be cycled , 
o ral in tak e  en co u rag ed , an d  ep iso d es o f bac te ria l over- 
g ro w th  ap p ro p ria te ly  trea ted  a n d  m anaged .

Metabolic Bone Disease

P atien ts  w ith  sh o r t bow el sy n d ro m e  are a t risk  of 
d ev e lo p in g  m etab o lic  b o n e  d isease , w ith  the tw o m ost 
co m m o n  ío rm s b e in g  o s tc o p o ro s is  an d  osteom alac ia . In 
a d d itio n  to  c h ro n ic  a b n o rm a litie s  in  ca lc iu m  an d  vita- 
m in  D h o m eo sta sis  d u e  to im p a ired  n u tr ie n t a b so rp tio n ,

factors su  ch  as c h ro n ic  m etabo lic  ac idosis, the nced  for 
lo n g -te rm  PN , p ro lo n g e d  p erio d s o f  inactiv ỉtv , a n d  lim - 
ited  su n  ex p o su re  m ay íu r th e r  c o n tr ib u te  to  the p ro b - 
lem. Efforts to m inim ize risk o f Progressive bone loss 
sh o u lđ  in c lu d e  ap p ro p ria te  v itam in  D a n d  ca lc ium  sup - 
p le m en ta tio n  an d , if  a p p ro p ria te , su n lig h t exposu re  
and  an  exercise  reg im en . C h ro n ic  ac idosis sh o u ld  be 
co rrec ted  an d  the use o f PN m in im ized , if possib le. 
D ual-energy  X -ray ab so rp tio m etry  (DEXA) p ro v id es a 
non invasive  m e th o d  to assess b o n e  m in e ra l d ensity  and  
sh o u id  be u sed  as a sc reen in g  dev ice for p a tien ts  w ith  
sh o r t bow el synd rom e.

Nutrient Deficiencies

V itam in , m in e ra l, an d  essen tia l fatty  acid  deíìcien- 
cies are co m m o n  in  p a tien ts  w ith  sh o r t bow el synd rom e. 
As p rev iously  m e n tio n e d , the lo ca tio n  an d  the ex ten t of 
in te s tin a l rese c tio n  im p ac ts  on  the in c id en c e  an d  sever- 
ity. D eíìciencies can  o cc u r desp ite  th e  use o f ro u tin e  
su p p ỉe m e n ta tio n , th u s  p erio d ic  m o n iio rin g  is recom - 
m e n d ed  (T able II). W h en  de íic ien c ies  are iden tiíìed , 
they sh o u ld  be rep le te d  (T ab le III) to  avoid  p o ten tia lly  
d eb ilita tin g  com p lica tio n s.

Other Problems

Bacterial o v erg ro w th  and  D-lactic ac idosis  are addi- 
tional p ro b lem s th a t m ay  o cc u r in  p a tien ts  w ith  sh o r t 
bow el synd rom c. B acterial o v erg ro w th  is an  abno rm al 
p ro life ra tio n  o íb a c te r ia ; changes in  in te s tin a l ílo ra can 
be in d u c ed  by a lte ra tio n s  in  in te s tin a l m o tility  an d  in 
d ie t (e.g ., in c reased  in ta k e  o f sim p le  ca rb o h y d ra tes) 
an d /o r  the n eed  for an tib io tic  th e rap y . O verg row th  of

TABLE III G uidelines for N u trien t Repletion

Nuirient deôciency Recom m ended repletion dosages£ỉ

Vi ta m in A b po,
Vitamin B ]2 im ,
V itam in c. po,
V ltam in D 4 p ° ,
Vitam in E PO>
Vi tam in P°^
Iron po,
Zinc po,
Selenium p°>
M agnesium ' PO>
Essential fatty acids po ,

1 0 ,0 0 0 —5 0 ,0 0 0  IU for 1 m onth; iv , 5 0 ,0 0 0 - 1 0 0 ,0 0 0  lư  for 1 - 3  days 
10 0 —1000  ị^g d a ily  for 1 —2 w eek s to replace body stores  
2 5 0 - 5 0 0  m g q d —bid
5 0 ,0 0 0  IU d aily  for 1 m onth; im , 5 0 0 ,0 0 0  IU in  1 —2 in jections  
4 0 0  IU q d - t id
5 —20 m g qd; iv or sc , 2 .5 —10 m g and m on itor  levels  
2 7 —38  m g o f  elem en ta l iron tid 
5 0  m g o f  e lem en ta l zinc q d -b id  
5 0 —100 Ị-Ig qd; iv , 2 0 —60  ịAg
2 0 0 —6 0 0  m g qd; iv  or im , 1— 2 g  if levels are less than 1.0 m E q/liter
1 —3 tab lesp oon s o f safflow er and/or A axseed oỉl; iv, 250  m l o f  20% lipid  in  12 d oses

l' For adult paiients. Abbreviations: po, periorbital; qcl, quaque die (once daily); sc, subcutaneous; tid, terin  die (ihree tim es dáily); bid, bis in die 
(tvvice dailv); iv, intravenous.

'Às retino l.
‘As ergocalciĩerol.
JAs phytonacỉione.
1 A.S m agnesium  glycinate.



p a th o g en ic  b ac te ria  has th e  p o te n tia l to in c re ase  d iar- 
rh ea  an d  to c o m p e te  w ith  v itam ins (e.g ., B ị2) an d  o th e r  
n u tr ie n ts . T re a tm e n t u su a lly  consis ts  o f a 10- to 14-day 
cou rse  o f o ra l an tib io tic s  (T ab le I) a n d  a p ro b io tic  to 
re p o p u la te  th e  in te s tin a l ílora,

B acterial fe rm en ta tio n  o f u n a b so rb e d  su g a rs  can  
cause increased D-lactate production  in  the colon  in  
som e p a tien ts . T hese  íe rm e n tin g  o rg an ism s can  lead  
to D-lactic acidosis, w ith  related n eu rologic im pair- 
m e n t, in c lu d in g  c o n íu s io n , so m n o len ce , u n s te a d y  gait, 
and lethargy. A speciíìc D-lactate level is used  to coníìrm  
the  d iagnosis. T re a tm en t in c lu d es  in tra v e n o u s  ílu ids 
an d  a d m in is tra tio n  o f an tib io tic s  to  re d u c e  co lon ic  
b ac te ria l m ass. P a tie n ts  w ho  m ay be su sc ep tib le  to 
D-lactic acidosis should  be strongly encouraged to 
avo id  re íin ed  su g ars  a n d  to dec rease  th e ir  to ta l 
ca rb o h y d ra te  in take.

D ep ress io n  an d  n arco tic  d ep e n d en c y  are  ad d itio n a l 
p ro b ìem s th a t m ay c o n íro n t the  p a tie n t w ith  sh o rt bow el 
sy n d ro m e. T hese  p ro b lem s sh o u ld  be a d d re ssed  and  
a p p ro p ria te  tre a tm e n t an d  s u p p o r t p ro v id ed .

A D D IT IO N A L TREATM ENT O PTIO N S

In  a d d itio n  to th e  use  o f  ap p ro v e d  m e d ica tio n s  and  
a p p ro p ria te  o ra l/en te ra l an d  p a re n te ra l n u tr it io n  regi- 
m ens, o th e r  trea tm e n t o p tio n s  are be ing  ex p lo re d  a n d / 
o r  u tilized . T h ese  o p tio n s  in c lu d e  th e  u se  oí' g ro w th  
íac to rs, n o n tra n sp la n t su rg ica l p ro c e d u re s , an d  in testi- 
nal tran sp lan ta tio n .

Growth Factors

sp e c iíìc  g ro w th  fac to rs (e.g., g ro w th  h o rm o n e , g lu- 
cagon-like  p e p tid e -2 )  have b ee n  p ro p o se d  as p o te n tia l 
a d ịu n c ts  to the Standard tre a tm e n t of p a tie n ts  w ith  sh o rt 
bovvel sy n d ro m e. T h e ir ab ility  to au g rn e n t b o w el func- 
tio n  ancl/or m o rp h o lo g y  a n d  th e reb y  red u c e  PN req u ire - 
m e n ts  is the focưs o f m u c h  research . P re lim in a ry  s tu d ies  
have p ro d u c e d  co n ílic tin g  resu lts , b u t  re su lts  from  
la rg e r tria ls  are a n tic ip a te d  to h e lp  clarify  som e o f  the 
c o n tro v e rsy  over th is  th e ra p eu tic  a p p ro a ch .

Nontransplant Surgical Procedures

In  an  a ttem p t to in c rease  the  ab so rp tiv e  su rface  area 
an d  to m inim ize. p ro b lem s o f b ac te ria l o v e rg ro w th > in- 
te s tina l le n g th en in g  p ro c e d u re s  have b een  p ro p o sed  for 
som e p a tien ts  w ith  sh o r t bow el sy n d ro m e. T h is  tech n i- 
callv ch a llen g in g  p ro c e d u re  has been  re p o r te d  to y ie ld  
íavorab le resu lts  in  som e p a tien ts , p a rticu la rly  those  
w ith  d ila te d  rem n an ts . T he p ro c e d u re  has p rim arily  
b een  u tilize d  in  ch ild re n  a n d  clin ical ex p e rien c e  is

lim ited  to a sm all se ries in a few cen ters. F or p a tien ts  
w ith  lo n g er rem n a n ts , reversal o f in testinal segm en ts is 
in te n d ed  to slow  in te stin a l transit by the in te r ru p tio n  
of no rm al peris ta ls is  an d  the in tro d u c tio n  o f re tro -  
g rade m otility . P ro lo n g a tio n  o f in testinal transit an d  
the  associa ted  im p ro v e m en t in  n u tr ie n t ab so rp tio n  
have resu lted  in som e p a tien ts  rega in ing  en tera l a u to n - 
om y o r ex p e rien c in g  a red u c tio n  in  PN req u irem en ts . 
A lthough  som e a u th o rs  rep o rt lasting  ben e íìt, o th e rs  
re p o rt on ly  sh o rt- te rm  success. As w ith  all p ro ce d u re s , 
the p o ten tia l benefìts n ee d  to be w eighed aga inst the 
p o ten tia l risks.

Intestinal Transplantation

In testina l tran sp lan ta tio n  has becom e a trea tm e n t 
o p tio n  for those p a tien ts  w ho develop  life -th rea ten in g  
com plica tỉons associa ted  w ith  long-term  d ep e n d en c e  
o n  PN. An in te rn a tio n a l registry  has tracked  the 
w orld  experience o n  th is  p ro ced u re  and  rep o rts  in d ica te  
th a t the 1-year g ra fư p a tien t survival ra te  for tran sp lan ts  
p e río rm e d  after 1995 is 55/69%  for in te stin a l grafts, 
63/66%  for those w ho und erg o  a tran sp lan t of b o th  
the  sm all bowel an d  liver, and 63/63%  for those w ho  
u n d erg o  m u ltiv isceral grafts. D espite su c h  aggressive 
in te rv en tio n , ap p ro x im ate ly  on e-q u a rte r o f the  su rv i- 
vors still requ ired  som e p aren tera l su p p o rt. T his p ro - 
cedu re  is p e rĩo rm ed  m o re  com m only  in  ch ild re n  and  
teenagers th a n  in  a d u lt patien ts.

INTESTINAL REHABILITATION

C om prehensive  tre a tm e n t p rog ram s for p a tien ts  w ith  
sh o rt bow el sy n d ro m e have been d eveloped  over th e  p as t 
decade in  specia lized  cen te rs  th a t have the o p p o rtu n ity  
to care for large n u m b e rs  o f  patien ts. W ell-defm ed p ro - 
toco ls and ihe experienced clinical team s allow  Standard 
th e rap eu tic  in te rv en tio n s  to be op tim ized . In terv en - 
tions often  in c lu d c  daily  m o n ito rin g  and  ad ju s tm e n ts  
in  n u tr itio n a l an d  m e d ica tio n  reg im ens, co m p reh en siv e  
ed u c a tio n  an d  b eh a v io r  m o d iíica tio n  p ro g ram s, an d  
long -te rm  m on ito rin g . If inciicated, o th e r th e ra p eu tic  
ap p ro ach es (e.g., the use o f g ro w th  íactors, an d  non- 
tran sp lan t su rg ica l in te rv en tio n s) m ay be utilized.. The 
in te n t of in te s tin a l reh ab ilita tio n  is to im prove the 
íu n c tio n in g  capacitv  o f the rem n a n t bow el w ith  the 
goal of avo id ing  signiR cant com plications o r th e  need  
for in testin a l trạn sp lan ta tio n .
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ad a p ta tio n  E n h a n cem en t o f  th e  in te s t in a l s tru ctu re  and  
íu n c tio n  to co m p e n sa te  for lo s s  o f  sm a ll b o w el  
len gth .

elemental ĩonìiulas S o lu tio n s  c o m p o s e d  oí in d iv id u a l a m in o  
a cid s, c o n ta in in g  n o  w h o le  p r o te in s;  u sed  p riitiar ily  for 
rapid a b so rp tio n  and r e d u c t io n  o f  a lle r g ic  p o ten tia l. 

in te s t in a l le n g th e n ỉn g  S u rg ica l p r o c e d u r e  in w h ic h  the  
d ila ted  sm a ll in te stin a l d ia m e te r  is  h a lv ed  an d  jo in e d  
en d  to en d .

rejection Immune reaction of a transplant recipìent to 
íoreign tissues (antigens) aíter allograít transplantation, 
with production of antibodies and ultimate destruction 
of the transplanled  organ. 

short bowel syndrome Clinical siate following bowel 
resection leading to m alabsorption of nutrients, íluids, 
an d /o r  electrolytes. 

small bovvel bacterial overgrowth Excess bacterial counts in 
any area of the small boweì, usually grcater than 1010 
colony-íorming units/ml. 

total parenteral nutrition Provision of complete nutrition Via 
the intravenous route. 

t r a n s p la n ta t io n  T ransĩer o í l i v in g  o rg a n s fro m  o n e  in d iv id u a l  
to another.

tr o p ic  h o r m o n e s  P lay  a ro le  in  s t im u la t in g  b o w e l a d a p ta ũ o n  
b y e n c o u r a g in g  in te s t in a l v i l lo u s  g r o w th  and  in  regu la t-  
in g  in te s t ỉn a l m o tility .

Q uan tiíica tion  o f an  anatom ical defin ition  o f sh o rt bow el 
sy nd rom e a fte r surg ical rcsection  has been  a ttem p ted . No 
co n sis ten t d e íìn itio n  can be es tab lish ed  because ch ild ren  
w ith  as little  as a few cen tim ete rs o f  sm all in te stin e  have 
been  successfu lly  w eaned  from  p aren te ra l n u tritio n  
w hereas som e ch ild ren  w ith  longer segm ents o f bow el 
have succum bed . In a d u lts , it is generally  agreed  tha t 
less than  100 cm  o f rem ain ing  sm all bow el co n stitu tes  
sh o rt bow el synd rom e. A m ore p rac tica l defin ition  fo- 
cuses on  the  íu n c t io n a l S ta te  of th e  re m a in in g  g a s tro in - 
te s tin a l trac t, w hereby  sh o rt bow el synd rom e ex ists  w hen  
m a lab so rp tio n  o f n u tr ie n ts , Auids, a n d /o r  electro ly tes 
occurs in  the  p resen ce  of any in te s tin a l loss.

IN T R O D U C T IO N

S h o rt b o w el sy n d ro m e , a lth o u g h  n o t co m m o n  in peđi- 
a tric s , rem a in s  a c o n tin u o u s  ch a llen g e  to  those  involved



in  the  care of ch ild re n  w ith  th is sy n d ro m e. A dvances in  
neonato logy , p ed ia tric  surgery , an d  in te s tin a l ỉeed ing  
p rac tices  have íacilita ted  survival of these  ch ild ren  
b u t en h a n ce m e n t of g ro w th  an d  d ev e lo p m en t a long  
w ith  the  avo idance of th e rap y -re la ted  co m p lica tio n s 
p re se n t ongo ing  challenges.

E n tera l n u tr itio n  is now  the m a in stay  of th e rap y  for 
ch ild ren  w ith  extensive resec tions re su ltin g  in  sh o r t 
bow el synd rom e. P aren te ra l n u tr it io n  is req u ired  ini- 
tia lly  w h ile  the íu n c tio n a l capac ity  o f the sm all in te s tin e  
is m ax im ized . T he p rac tice  of p a re n te ra ỉ n u tr it io n  has 
becom e very so p h is tica ted , w ith  m in im al co m p lica tio n s 
o cc u rrin g  in p a tien ts  m anaged  by team s ex p e rien ced  in 
su ch  therapy. D eath  from  co m p lica tio n s  of sh o rt bow el 
sy n d ro m e th e rap y  is in fre q u en t because  in te s tin a l and  
liver tra n sp la n ta tio n  p ro ce d u re s  have becom e increas- 
ingly m o re  reliable.

ETIOLOGY

A lth o u g h  congen ita l sh o r t bow el synd.rom e does 
occur, m ost cases of sh o rt bow el sy n d ro m e in ch ild ren  
o ccu r fo llow ing  in te stin a l resec tio n  in  prev iously  
ana tom ica lly  n o rm al in ían ts . T ypically , sm all bow el re- 
sec tio n  is p e ríb rm e d  to trea t even ts o cc u rrin g  in  the 
ileum  an d  co lon ; how ever, vary ing  degrees of je ju n a l 
resec tio n  m ay also be req u ired . T able I lists the com m on  
etio log ies of sh o r t bow el sy nd rom e in b o th  in fan ts and  
o ld e r ch ild ren . C ongen ita l an o m alỉes  resu ltin g  in  sh o rt 
bow el sy n d ro m e in c lu d e  in te stin a l a tresias, w h ich  m ay 
o cc u r anỵw here  in  the in testine  an d  can  be e ith e r ỉso- 
la ted  o r  m u ltip le . M ost in ían ts  w ith  sh o ri bow el 
sy n d ro m e have u n d e rg o n e  resec tio n  d u e  to n ec ro tiz in g  
en teroco litis .

INTESTINAL PHYSIOLOGY

T he em bryon ic  m id g u t is the  o rig in  o í the sm all in tes- 
tine , w h ich  beg ins rap id  g row th  at the en d  of the  fifth

TABLE l C ond itions Leading to S hort Bowel Syndrom e

In íants C hildren

C ongenital short bow el M alignancy/tum ors
ln testinaỉ atresias R adiation enteritis
G astroschisis C rohn’s  disease
A pple p ee l/ch r istm a s tree M esenterìc vascular occlu sio n

deíorm ity Trau ma
H irschsprung’s  disease C hronic pseudo-ob stru ction

in vo lv in g  ileum  and co lon
N ecrotizin g  en teroco litis
V olvu lus

w eek  o f ges ta tio n . ln te s tin a l le n g th en in g  exceeds the 
ra te  of g ro w th  o f the em b ry o n ic  bo d y  an d , therefo re , 
it m u s t g row  o u ts id e  the ab d o m en  u n til th e  te n th  w eek. 
T he average in te s tin a l le n g th  a t 40 w eeks o f  gesta tion  is 
2 0 0 —250 cm . M ean  a d u lt sm aìl in te s tin a l leng th  is ap- 
p ro x im a te ly  5 0 0 —600 cm , w ith  p rim ary  increases in  
len g th  o cc u rrin g  in  early  ch ildhood .

T he m o st obv ious ch a n g e  in  sh o rt b o w el synd rom e 
is the  loss o f  overa.ll ab so rp tiv e  su ríace  area . T he inher- 
en t ch a rac te r is tic s  o f the  rem a in in g  in te s tin e  are, how - 
ever, c ritica l in  d e te rm in in g  th e  overall p rognosis. M ost 
com m only , th e re  is re te n tio n  o f the je ju n u m  w ith  p a rt o f 
the  c-olon. T he je ju n a l e p ith e liu m  cliffers sign iíìcan tly  
from  tha t o f  the ile u m  in  th a t the la tte r  co n ta in s  the 
specific tra n sp o rte rs  for bile acids an d  v itam in  B l2. 
T he in te s tin a l v illi c rea te  a large su rĩace  a re a  for n u tr ie n t 
ab so rp tio n , w ith  m o st c a rb o h y d ra te , p ro te in , an d  w ater- 
so lub le  v ita in in s be ing  ab so rb ed  in  ihe p ro x im a l sm all 
in testine . F at a b so rp tio n  o cc u rs  over a m u c h  larger pro- 
p o r tio n  of th e  w ho le  sm all in te stin e . T he je ju n u m  also 
has a h íg h e r c o n c e n tra tio n  o f enzym es a n d  o th e r  ca rrie r  
p ro te in s , m a k in g  it cap ab le  oí' en h a n c e d  absorp tive 
íư n c tio n  afte r d ista l in te s tin a l resection .

N orm ally , a rap id  in íu s io n  o ĩ h y p e ro sm o la r  sub- 
s tan ces  in to  the  u p p e r  je ju n u m  w ill re s u lt  in  an  influx 
o f fluid from  the p lasm a to the lu m en  to  equalize the 
o sm o tic  d iffe rences. R eab so rp tio n  will th e n  o ccu r dis- 
ta lly  if the load  can  be absorbed . O th erw ise , d ia rrhea  
ensues. In sh o r t bow el sy n d ro m e, th is co m p en sa tin g  
m e ch a n ism  is a lte red . T he p rese n ce  of th e  co lo n  after 
sm all bow el resec tio n  p ro v id es  for so d iu rn  and  sho rt- 
ch a in  fatty acid  a b so rp tio n . Loss of the  c o lo n  generallỵ  
w orsens th e  p ro g n o sis  o f sh o r t bow el sy n d ro m e. How- 
ever, the p re se n ce  of m a lab so rb ed  lo n g -ch a in  fats and  
bile acids in  the co lo n  m ay w o rsen  w ate ry  d ia rrh ea  and  
inc rease  oxala te  ab so rp tio n , w ith  su b se q u e n t develop- 
m e n t o f o x a la te  rena l s tones.

T he ile u m  genera lly  p ro v id es  less ab so rp tiv e  íunc- 
tio n  than  th e  je ju n u m  b u t is rap id ly  re c ru ite d  to enhance 
n u tr ie n t a b so rp tio n  if d igestive  loads a re  large. Resec- 
t io n  o f a large p o r tio n  o f the  ile u m  w ill re su lt  in  bile salt 
m a lab so rp tio n  (w ith  su b se q u e n t fa t-so lub le  v itam in 
m a lab so rp tio n ) an d  v ỉta m in  B i2 defìc iencv  because 
the  je ju n u m  ca n n o t co m p en sa te  for the  lo ss o f the ap- 
p ro p ria te  rec ep to rs . T he ileocecal valve p lays an  im por- 
tan t ro le  in  p rev e n tin g  b ac te ria l Qux from  the  large 
bovvel in to  the  sm all bow el. T he valve a lso  is im p o rian t 
for reg u la tin g  in te s tin a l transit. Its p resen ce  \vas once 
th o u g h t to  be k ey  to  es tab lish in g  en te ra l n u tr itio n  and  
w ean ing  th e  p ed ia tr ic  p a tie n t íro m  p a re n te ra l n u tritio n . 
In p rac tice , how ever, o th e r  íac to rs su ch  as  the leng th  of 
resec tio n  a n d  the  h o rm o n a l an d  n e u ra l responses to 
en te ra l n u tr ie n ts  are also  im p o rta n t. In  fact, anv íactors



tha.t r e su lt in  slow er tran s it m ay e n h a n c e  th e  risk  o f 
b ac te ria l overg row th .

In te s tin a l ad a p ta tio n  b eg in s  rap id ly  a f te r  the  in itial 
in te s tin a l resection . In  ad d itio n , the sm all in te s tin e  ap- 
pears  to u n d ẽ rg o  en h a n ce d  h y p erp la sia  w ith  g rea ter 
n u tr ie n t ex p o su re , a lth o u g h  da ta  s tu d ie s  in  h u m a n  
are co n ílic tin g . V illus h y p e rtro p h y  o c c u rs  b y  several 
m ech an ism s, in c lu d in g  n e u ra l inQ uences, d irec t n u tr i-  
en t c o n ta c t w ith  the  en te ro cy te s , a n d  re lease  o f tro p ic  
su b s tan ce s  from  the s to m ach , liver, p an c reas , an d  the 
sm all bow el. H orm ones sh o w n  in an ira a ls  to  be  tro p ic  
in c lu d e  en te ro g lu cag o n , n e u ro te n s in , e p id e rm a l g ro w th  
factor, in su lin -lik e  g ro w th  fa c to r- l (IG F -1 ), g lucagon- 
like p e p tid e -2  (G L P-2), a n d  gaslrin . H igh  levels o f pep- 
tid e  YY h av e  a ro ìe  in  slow ing  gastric  e m p ty in g  ra te  and  
e n h a n c in g  the  co lon ic  b rak e  p h e n o m e n o n . G h re lin , a 
recen tly  id en tiíìed  h o rm o n e , h as  b een  in v es tig a ted  for 
p o te n tia l sa tie ty  cffects. P ep tides su c h  as p e p tid e  YY and  
e n te ro g lu ca g o n  also slow  in te s tin a l m o tility . T rans- 
ío rm in g  g ro w th  fac to r-p  has b ee n  id e n tif ied  as hav ing  
an  in h ib ito ry  effect o n  bow el a d a p ta tio n  a íte r  loss o f 
ab so rp tiv e  su ríace  area.

STAGES OF THERAPY

in itia llý , ílu id  an d  e ỉec tro ly te  re p la c e m e n t in  the  early  
p o s to p e ra tiv e  p e rio d  co n ip rises  the  m a jo r  fo cu s  of trea t- 
m en t. R ep lacem en t o f  n u tr ie n t losses an d  tre a tm e n t o f 
d ia rrh ea  qu ick ly  becom e ad d itio n a l cha lỉenges.

Parenteral Nutrition

T he p rac tice  of p a re n te ra l n u tr itio n  h as  becom e 
qu i te re fin ed , invo lv ing  d e v e lo p m e n t o f  ag e-re la ted  
an d  d isease-spec iíìc  am in o  ac id  so lu tio n s  a n d  th e  rec- 
o g n itio n  th a t th e re  are a g e -d e p e n d e n t m ic ro n u tr ie n i 
req u irem en ts . The im m ed ia te  p o s to p e ra tiv e  p e rio d  re- 
q u ires  aggressive m o n ito rin g  o f  ílu id  an d  e lec tro ly tes , A 
log ical a p p ro a c h  is to p ro v ìd e  a S tan d ard  p are n te ra l 
n u tr it io n  so lu tio n , d e p e n d e n t o n  age of th e  p a tie n t, in  
co m b in a tio n  w ith  a m o re  p a tien t-sp e c iíic  ílu id  rep lace- 
m e n t p ro to c o l. R ep lacem en t A uids c a n  be p re sc rib e d  by 
m o n ito rin g  e lec tro ly te  losses an d  overa ll v o lu m e  loss in  
the p rev io u s  2 —4 ho u rs . R ep lacem en t o f  e lec tro ly tes  
lo s t in  in te s tin a l ílu ids m ay re q u ire  v ery  la rge  q u an titie s  
o f e lec tro ly tes . ư ti l iz in g  su c h  p ro to c o ls  for rep la ce m en t 
ũ u id s  ra th e r  th an  ĩre q u e n t a lte r in g  o f ex p en siv e  to ta l 
p a re n te ra l n u tr itio n  (T P N ) so lu tio n s  can  be do n e  
q u ick ly  a n d  easily at the bedside. C o n tin u e d  rep lace- 
m e n t of e lec tro ly te  an d  flu id  losses can  be d ifficu lt in  the 
h o m e e n v iro n m en t; th e re fo re , th is  c o n s titu te s  o n e  o f the 
ex c lu s io n s  for ho m e thèrapy .

TABLE II Average C aloric R equirem ents by Age G roup

Age Kilocalories^

Prem ature in íants 1 2 0 - 1 5 0
N ew borns 1 0 0 - 1 2 0
1 — 12  m o n ih s 100
1 —6 years 7 5 - 9 0
7 —12 years 6 0 - 7 5
13—18 years 3 0 - 6 0
Acỉuk 2 5 - 3 5

a Per kilogram body vveight per dav.

In itia lly , to ta l p a ren te ra l n u tr itio n  so lu lio n  sh o u ld  
rep lace  all basic  n u tr itio n a l needs. Table 11 identifi.es the 
average ca lo ric  req u irem en ts  (k ilo ca lo rie s/k ilo g ram / 
day) for d iffe ren t age g roups. Table 111 lists the com po- 
n en ts  o f a Standard pediatric to ta l p a re n te ra i n u tr itio n  
so lu tio n . A dd itiona l p a re n te ra l energy  sup p ly  m ay be 
necessary  d u r in g  the early  p o sto p e ra tiv e  p e rio d  o r 
d u r in g  tim es o f  s tress, su c h  as th a i re la ted  to íever o r 
severe in íec tio n s . O ne 10 tw o tim es the basal energy  
re q u irem en ts  m ay be req u ired . C are íu l m o n ito rin g  of 
p a re n te ra l n u tr itio n  via b o th  clin ical an d  lab o ra to ry  
p a ram ete rs  is req u ired .

Enteral Nutrition

W h e n  ílu id  and  e lec tro ly te  s ta tu s  has heen s tab ilized  
w ith  the p a re n te ra l reg im en , en te ra l feed ing  can be con- 
s id e red  an d  sh o u ỉd  beg in  as soon  as possib le . In in fan ts, 
e lem en ta l d ie ts  are delivered  via co n tin u o u s  en te ra l in- 
fusion. E lem en ta l íb rm u las  are  vvell to le ra ted  a n d  avoid 
the r isk  of a llergy  to  p ro te in s  in  m ore com plex  íeed ings. 
E n te ra l íe ed in g  is  typ ically  s ta rted  very  slow ly  w ith  a 
d ilu te  c o n c e n tra tio n  (5 ca l/o u n ce), w h ich  is slow ly  in- 
creased  to  20 ca l/õ u n c e  for p a tien ts  less th a n  1 year o f 
age an d  30 ca l/o u n c e  for o ld e r pa tien ts . w h e n  final con- 
c e n tra tio n  is rea ch ed , the  vo lum e is slow ly  advanced . 
T he te ch n iq u e  o f reach in g  final c o n c e n tra tio n  p r io r  to 
in c reasin g  v o lu m e avoids fluid o v erlo ad in g  for the pa- 
tie n t also rece iv in g  p aren te ra l n u tr itio n .

TABLE III S tandard  Pediatric Total Parenteral Solution

D extrose , 20%
A m ino acid s, 2.5%
S odium  ch lorid e , 15m E q /liter  
S odium  acetate, 15 m Eq/liter  
P otassium  p h osp h ate , 20  m Eq/liter 
C alcỉum  g lu con ate , lO m E q/liter  
M agnesium  su lía te , 5 m Eq/liter  
Pediatric trace e lem en ts  
Pediatric m ultiv itam in s



T he c o n tin u o u s  an d  aggressive u se  o f en tera l 
n u tr itio n  sh o u ld  be  en co u rag ed  u n le ss  s ig n iíican t dehy- 
d ra tin g  d ia rrh ea  ensues, in  w h ich  case the infusi.on 
sh o u ld  be  ad ju s te d  so th a t overall ílu id  balance im - 
proves. C o n tin u o u s  en te ra l in íu s io n  is in c o n v en ie n t 
an d  is th o u g h t to decrease  the n o rm a l dev e lo p m en ta l 
p rocesses o f eating . H ow ever, th is  can  be m anaged  la ter. 
N ew er, sm all en tera l in íu s io n  p u m p s  a lo n g  w ith  back- 
p ack  devices have been  d eve loped  to  allow  the p a tie n t 
g rea ter m obility . w h e n  lo n g -te rm  en te ra l n u tr itio n  is 
an tic ip a ted , i.e., g rea te r th a n  3 m o n th s , gastrostom y 
tube  p la ce m en t íac ilita tes c o n tin u o u s  en te ra l íeed ing . 
T he p resen ce  o f a g as tro s tom y  o r nasogastric  tube  does 
n o t co n tra in d ic a tẹ  íeeding. H ow ever, c o n tin u o u s  feed- 
ing  do es a lte r  h u n g e r m echan ism s, an d  re jec tio n  o f oral 
feeds is com m on . Use o f c o n tin u o u s  en te ra l íeed ing  does 
decrease  the lik e lih o o d  o f gas troesophageal reílux .

As th e  ch ild  advances in  age, a m o re  co m p lex  ío r- 
m u la , such  as a p ro te in  hyd ro ly sa te , is u su a lly  w ell tol- 
era ted , F o r p a tien ts  o ld e r th a n  1 — 2 years o f age, w hole 
p ro te in  ío rm u las  s tim u la te  íu r th e r  ad a p ta tio n  by  in- 
creasing  th e  w ork load  o f th e  su ríace  ep ith e liu m . Car- 
b o h y d ra te s  in  en tera l ío rm u las  a re  p rese n t in  the ío rm  of 
one o r m o re  sources, in c lu d in g  ex tensively  hyd ro lyzed  
s ta rch  an d  d isaccharidases su c h  as sucrose . M edium - 
ch a in  fats, a lth o u g h  w ell ab so rb ed , are n o t as beĩieS cial 
a s lo n g -c h a in  fats in en h an c in g  ad ap ta tio n . T h ere ío re , a 
m ix tu re  o f b o th  types o f fat in  the fo rm u la  is m o s t b en - 
eíìcial. C arb o h y d ra te  type is p robab ly  th e  least im por- 
ta n t type o f req u ired  n u tr ie n t for p a tien ts  w ith  sh o rt 
bow el synd rom e. H ow ever, lactose m ay be  m ore slow ly 
hyd ro ly zed  th a n  g lucose po lym ers. T able IV lists som e 
co m m only  u sed  ío rm u las  fo r in fan ts  and  c h ild ren  w ith  
sh o r t bow el synd rom e. T heoretica lly , a ĩo rm u la  w ith  
e n h a n ce d  p ro p o rtio n s  o f fat, even to  50%  o f the to ta l 
daily  energy  in take, m ay be beneíic ia l n o t  o n ly  for de- 
livering  m o re  ca lo ries in  iess vo lum e, b u t also  because 
h igh-fa t ío rm u las  m ay slow  g as tro in tes tin a l m o tility  to 
en h an ce  abso rp tion .

T o le rance  o f c o n tin u o u s  en te ra l in íu s io n  is based  in  
p a r t on  stoo l losses; losses o f g rea te r th a n  4 0 —50 m l/k g / 
day, especially  if  acco m p an ied  by  th e  p resen ce  o f pos- 
itive red u c in g  substances, suggest th a t en te ra l feedings 
sh o u ld  be red u c ed  o r h a lted . In ían ts  sh o u ld  be  gi ven

TABLE IV C om m only U sed Form ulas

E lem ental S em ie lem en ta l W h o le  p rotein

N eocate A lim entum Peptam en
P eptide 1 + Pregestim il Pediasure
Pediatric V ivonex N utram igen Vital
Hlecare

sm all v o lu m es o f n ip p le  íeed ings to ĩacilita te  develop- 
m en ta lly  n o rm a l stages of eating . At the a p p ro p ria te  
ages, in tro d u c tio n  o f so lid  foods shoulcl also  be at- 
tem p ted . C a ụ tio n  sh o u ld  be g iven to types o f  so lids 
in itia lly  u tilized . A voidance o f foods co n ta in ìn g  h ig h  
c a rb o h y d ra te  levels red u ces osm otic  losses. M eats are  
o ften  w ell to le ra ted . N u tr ie n t delivery  by the o ra l ro u te  
m ay  n o t be  sign ifican t d u e  to  m a lab so rp tio n  b u t is key in  
la te r  stages o f the rapy . In o ld e r in ĩan ts  an d  to d d le rs , 
w h en  th e  co lo n  is in tac t, com plex  d ie ts  m ay b e  beneíì- 
cial in  e n h a n c in g  co lon ic  salvage o f sh o r t-c h a in  fatty 
aciđs.

Chronic Therapy

P aren te ra l n u tr itio n  is w eaned  as en tera l n u tr it io n  is 
ad v an ced  o n  a ca lo rie-fo r-ca lo rìe  basis. W hile  co n tin u -  
ous en te ra l n u tr it io n  is utilized., p a ren te ra l n u tr it io n  is 
su sp e n d e d  for a few h o u rs  each  day, w ith  the tim e off 
p a re n te ra l n u tr it io n  g radua lly  increasing , d ec reas in g  
to ta l p a re n te ra l n u tr itio n  v o lu m e an d  calories. E ventu- 
ally, de livery  o f TPN  011 an  every -o ther-day  basis  is 
possib le . T h is  is m o st easily  accom plished  by  co n tin u - 
o us en tera l de livery  u n til p a rc n te ra l n u tr itio n  is sign.if- 
ican tly  re d u c e d  an d  the ch ild  rem ain s stab le . At th a t 
tim e, w ean in g  o f en tera l n u tr it io n  can  slow ly be at- 
tem p ted  as so lid  food in tak e  increases. As th e  ch ild  
ages, m o n ito rin g  o f w eig h t gain  becom es vitally  im por- 
tan t. B ecause ca lo ric  req u irem en ts  do  decreasc  sligh tiy  
w ith  ad v an c in g  age, an d  if ad eq u ate  in te stin a l adap ta - 
tio n  o ccu rs , m any  c h ild ren  w hose w eight seem s to pla- 
teau  over tim e can  still be w eaned  successíu lly  from  
p a re n te ra l n u tr itio n .

O nce p a re n te ra l n u tr itio n  is w eaned , ữ e q u e n t m ọ n - 
ito r in g  o f w eigh t, h e ig h t, an d  m acro- an d  m ic ro n u tr ie n t 
in ta k e  b eco m es inc reasing ly  im p o rtan t. D eủc iency  
sta te s  are in c u rre d  b ased  on  th e  area  o f in te stin e  resected . 
It is  n o t u n c o m m o n  fo r ch ild ren  to requ ire  rep ìa ce m en t 
o f v ita m in  B 12, m agnesium , a n d  ía l-so ìub le  v itam ins. If 
en te ra l n u tr it io n  ad v an cem en t appears  lo sta ll, com pli- 
ca tio n s  su ch  as sm all bow el b ac te ria l ov erg ro w th  o r  m i- 
c ro n u tr ie n t deB ciency  sh o u ỉd  be considered .

Complications

T he m o st ch a llen g in g  co m p lica tio n  o f n u tr itio n a l 
th e rap y  in  sh o r t bow el sy n d ro m e is d ia rrhea . M anage
m en t sh o u ld  be based  on  etio logy. Average s to o l losses 
sh o u ld  be  es tab lish ed  ío r each  p a tie n t and  a lte ra tio n s  
from  base line  sh o u ld  be investigated . P ossib le changes 
in  d ie ta ry  in ta k e  an d  bac teria l overg row th  are th e  m ost 
co m m o n  causes o f nevv-onset d ia rrhea , U tiliza tio n  of 
b o lu s ra th e r  th a n  c o n tin u o u s  en te rạ l íeed ing  m ay resu lt 
in  an  in c reased  o sm o tic  load  an d  may no t be well



to le ra teđ . As the ch ild  grow s, sm all, íreq u e n t m eals, for 
ex am p le , m ay be m ore beneíìc ia l th a n  th ree  daily  S tan
d a rd  m eals. In  cases o f bile  acid  m a lab so rp tio n  causing  
d ia rrh e a , use o f ch o lesty ram in e  m ay be beneíìc ia l. 
H ow ever, it sh o u ld  be  u sed  w ith  cau tio n  as th e  a tten - 
d a n t se q u estra tio n  o f lu m in a l b ile  salts m ay exacerba te  
fat an d  fat-soluble v ita m in  m a lab so rp tio n . A n tisecre- 
to ry  d ru g s are  so m e tim es u tilized . S o m ato s ta tln  has 
b e e n  u sed  to  reduce  d ia rrh ea  w ith  m o d est efficacy 
sh o r t term , b u t  lo n g -te rm  ad m in is tra tio n  has no t 
p ro v e d  to  be o f bene íit. N ew er d ru g s su ch  as 
racecạd o tril are  c u rre n tly  u n d e r  investiga tion . A ntim o- 
tility  d rugs su ch  as Im o d iu m  are  o ften  p re sc rib ed  for 
p a tien ts  w ith  sh o rt sm all bow el an d  m ay be o f b en e íìt 
particu la rly  if  th e  ileocecal sp h in c te r  is in tac t. A n tim o- 
tility  d ru g s sh o u ld  be ưsed w ith  ca u tio n  in  ch ild ren  
because  they  m ay  en h a n ce  p ro b lem s w ith  sm all 
bow el b ac teria l overg row th .

O ne o f the  m ost d ifficu lt co m p lica tio n s to  deal w ith  
in  th e  the rapy  o f sh o rt bow el sy n d ro m e is sm all bow el 
b ac te ria l overg row th . T h is  co n d itio n  occu rs  111 v irtu a lly  
all patien ts; how ever, it d o es  n o t becom e p ro b lem a tic  in 
all. D iagnosis is dilTicult a n d  110 go ld  S tandard  exists. 
C u ltu re  o f je ju n a l asp ira tes , m e asu rem en t o f excess hy- 
d ro g en  p ro d u e tio n  afte r a g lucose  load , se ru m  D-Iactate, 
an d  u rin e  in d ic an  levels have all been  a tte m p te d  as pos- 
sib le  co rre la tes  to path o lo g ica l bac te ria l overg row th . 
S ym ptom s in c lu d e  an  inc rease  in d ia rrh ea , ab d o m in al 
d is ten sio n , an d  (latu lence. A t lim es, even  b lo o d y  d iar- 
rh ea  m ay o ccu r. B acteria n o rm a lỉy  p re se n t the  bow el 
have a ro le in  d ec o n ju g a tin g  b ile  sa lts an d  p ro d u c e  m i- 
c ro n u tr ie n ts  su c h  as Bị 2 - H ow ever, if  b ac te ria l n u m b e rs  
b ecom e excessive ( >  105 je ju n a l an d  >  108 ilea ì), m u- 
cosal inQ am m ation  m ay resu lt. A n o th e r  s ig n iíìcan t com - 
p lica tio n  o f  sm all bow el bac te ria l o v erg ro w th  is  D-lactic 
acidosis. P artícu larly  in  in ía n ts  an d  sm all ch ild ren , th is  
can  lead to le th a rg y  an d  even  com a.

E m piric  trea tm e n t o f sm all bow el bac te ria l over- 
g ro w th  w ith  an tib io ties  is o ften  h e lp íu l in  es tab lish in g  
the  d iagnosis. B road -sp ec tru m  an tib io tics  su c h  as 
oral g en tam ỉc in , tr im e th o p rim  sulfate , a n d /o r  
m e tro n id azo le  are o ften  u tilize d  in itially . Low doses 
m ay re su lt in  s ig n iíican t im p ro v e m en t in  sym ptom s. 
E ndoscopy  is rare ly  h e lp íu l, ex cep t in  ev a lu a tin g  the 
p resence  o f  en te ritis  an d  colitis. If p re se n t, these  situa- 
tions m ay also  resp o n d  to  an tiin ílam m ato ry  th e rap y  
w ith  m esa lam ine  o r  even  co rtico ste ro id s . If beneíìc ia l, 
an tib io tic  the rapy  is o ften  n o t req u ired  c o n tin u o u sly , 
b u t m ay be u sed  o n  a ro ta tin g  sch ed u le . E ven tually , the 
d ev e lo p m en t o f re s is tan t o rg an ism s m ay req u ire  th e  al- 
te ra tio n  o f an tib io tic  type. Ưse o f p ro b io tic s  m ay also  be 
beneíìc ia l in  p rev e n tin g  o r  m o d u la tin g  the re sp o n se  o f 
m ore  h a rm ĩu l o r  excessive b ac te ria l species.

TABLE V C om m only A cquired N u trien t Deficiencies

N u trien t S ig n s and  sy m p to m s

V itam in A N igh t b lin dn ess
V itam in  D B ony d em ineralization
V itam in B p M egaỉoblastic anem ia
M agnesium Lethargy and tetany

As fo o d -b ased  in ta k e  is ad v an ced , speciíic  n u tr ie n t 
d e íìc ien cy  s ta te s  m ay  o cc u r w h en  su p p le m e n ta l en tera l 
ío rm u la  is no  lo n g e r re q u ired . Table V lists co m m o n ly  
acq u ired  n u tr ie n t deíìc ienc ies. N u tr ie n t su p p le m e n ts  
a re  read ily  availab le an d  u su a lly  d o sin g  can  b e  ad ju s te d  
based o n  b lo o d  levels o f  the  n u tr ie n ts . M agnesium  pres- 
en ts  a p a r tic u la r  cha llenge because  su p p le m e n ta tio n  
w ith  a lm o st an y  m ag n esiu m  su p p le m e n t can  en h an ce  
d ia rrh ea . C arefu ỉ ad rn in is tra tio n  and  fo llow up  m o n ito r-  
ing  o f  su p p Ịem e n ts  are re q u ire d , espec ially  w h en  levels 
b eco n ie  critica lly  low . T he d ev e ìo p m e n t o f  ac id  p ep tic  
d isease co m m o n ly  o ccu rs  in  c h ild re n  w ith  sh o r t 
bow el sy n d ro m e. M any p ed ia tr ic  p a tien ts  w ith  sh o r t 
bow el sy n d ro m e ev en tu a lly  beco m e sy m p to m atic  
w ith  acicl re ílu x  an d  req u ire  n eu tra liz in g  o r acid  sup - 
p re ss io n  m e d ỉca tiò n s  o n  a lo n g -te rm  basis.

T he m o s t life -th rea te n in g  co m p lic a tio n  o f lo n g -te rm  
n u tr itio n a l th e rap y  in  in ía n ts  w ith  sh o r t bow el 
sy n d ro m e is  p a re n te ra l n u tr itio n -re la te d  liver d isease. 
T he e tio logy  o f th is  e n tity  is n o t w ell u n d e rs to o d . T ox- 
ic ity  o f  am in o  ac id  so lu tio n s , excess a d m in is tra tio n  o f 
lip id  so lu tio n s , p ro d u c tio n  o f to x in s  b y  bac te ria  in  the 
b ow el, excessive n u tr ie n t a d m in is tra tio n , tox ic ity  of un - 
k n o w n  su b stan ce s  in  the  p a re n te ra l n u tr it io n  so lu tio n , 
an d  absence  o f s tim u la tio n  o f g a s tro in te s tin a l h o rm o n es  
have all b een  im p lica ted  as possib le  c o n tr ib u tin g  fac- 
tors. I t is w ell u n d e rs to o d  th a t even  m in im al en tera l 
n u tr it io n  is im p o r ta n t in  le ssen ing  the  im p act of th is 
co m p lica tio n . ư rso d e o x y c h o lic  ac id  h as  been  advocated  
to  p re v e n t th e  d ev e lo p rn en t o f p a re n te ra l n u tr it io n  liver 
d isease . R e c u rre n t Central v en o u s  c a th e te r  sepsis  has 
b een  m o re  rec en tly  id e n tif ied  as a possib le  factor in  
the  d ev e lo p m e n t o f  T P N -associa ted  liv e r d isease. E fforts 
sh o u ld  b e  m ad e  to  p re v e n t as m any  o f these  com plica- 
tio n s as possib le . In  ex trem e cases o f in te s tin a l ỉa ilu re  
w ith  m ild  T P N -asso cia ted  liver d isease , reversa l o f liver 
d isease h as  b een  n o te d  fo llow ing  successfu l in te s tin a l 
tran sp lan ta tío n .

SURGICAL THERAPY  
A N D  TR AN SPLA NTATIO N

P atien ts  w ith  sh o r t bow eỉ sy n d ro m e w h o  have u n d e r-  
gone in te s tin a l re se c tio n  íreq u e n tly  ex p erien ce



prơ b lem s w ith  an asto m o tic  s tr ic tu re s  an d  u lcera tions. 
T hese can  o cc u r a t any tim e, b u t typically  do  so w ith in  a 
few years after the  in itia l resection . S ym ptom s in c lu d e  
re c u rre n t o r su d d e n  anem ia , b lo o d  in  the  stoo ls, o r 
Progressive worsening o f vomiting and abdorainal 
b loa ting . T he adap tive  response , a lth o u g h  beneíìc ia l 
in  ẹn h a n c in g  the  absorp tive  surface area, m ay be be- 
com e ex trem e  an d  re su lt in  d ila ta tio n  o f the  bow el, 
w ith  p o o r  m otility  an d  sign iíican t sm all bow el bac le ria l 
overg row th . S uch  bow el d ila ta tio n  can  be iden tified  o n  
rad io g rap h ic  im ag ing  s tu d ies  an d  m ay be am enab le  tơ 
surg ical tap erin g  w ith  o r w ith o u t co n c o m itan t bow el 
len g th cn in g  (B ianchi p ro ce d u re ). T hese p ro ced u res , if 
d o n e  a t cen te rs  w ith  ex p ertise  in  p e rfo rm in g  them , m ay 
be beneíìc ia ì in  a llev ia ting  sym ptom s w ith o u t sacriíic ing  
in te s tin á l abso rp tive  su ríace  area. Surgical p ro ce d u re s  
designed  to  slow  in te s tin a l tran sit via c re a tio n  of in tes- 
tina l valvelike areas o r reversed  in te stin a l segm ents are 
n o t réco m m en d ed . F u n d o p lica tio n  is som etim es neces- 
sary  in  p a tien ts  w ho  ex p erien ce  sign iíican tly  altered  
u p p e r  g as tro in tes tin a l m otility .

In testin a l o r  co m b in ed  liv e r/in testin a l tran sp lan ta - 
tio n  has becom e an  a lte rn a tiv e , a lth o u g h  n o t an  early  
in te rv en tio n a l strategy , for p a tien ts  re q u ir in g  ch ro n ic  
p a re n te ra l n u tr itio n a l su p p o rt d u e  lo  sh o rt bow el 
synd rom e. T ra n sp la n ta tio n  p r io r  to irreversib le  liver 
o r bow el ía ilu re  is often  m é t w ith  g rea t success. At the 
p resen t tim e, it is n o t possib le to  p red ic t w h ich  pa- 
tien ts  w ill fail in te stin a l reh ab ilita tio n . A ttem p ts  LO 
p red ic t u ltim ate  ía ilu re  o f p a ren te ra l n u tr itio n  have 
cen te red  o n  crite ria  in c lu d in g  the  p resen ce  of less 
th a n  30  cm  o f sm all bow el, absence o f the ileocecal 
valve, som e co lo n  resec tio n , on ly  m in im al to le rance  of 
íeed ings 2 m o n th s  a fte r resec tio n , p a tien ts  w ith o u t a 
je ju n u m  o r ileum , p a tien ts  w ith  p o o r quality  o f 
res id u a l bow el, an d  p a tien ts  w ith  rep ea ted  sepsis ep- 
isodes. A dvances in  su rg ica l tech n iq u e  an d  ỉn im u n o - 
su p p ress io n  have en h an ced  surv ival; how ever, graft 
re jec tio n  and  co m p lica tio n s of im m u n o su p p re ss io n  
m ay u ìtim ate ly  o cc u r because  these p a tien ts  surv ive 
longer. N ew  m ed ica tio n s for im m u n o su p p re ss io n , 
su c h  as ín te rleu k in -2  an tagon is t, b o n e  m arrow  aug- 
m e n ta tio n , an d  to le rance in d ư c tio n , have all en h a n ce d  
the success o f in te stin a l tran sp lan ta tio n . R esults vary 
sign iíìcan tly  am ong  cen te rs  p e ríò rm in g  in testinal 
tran sp lan ts , w ith  an  overa ll 1- to  2-vear surv ival at 
75%  decreasing  to ab o u t 50%  at 3 —5 years. T he sho rt- 
age o f d o n o rs  rem ain s a sign iíìcan t p rob lem . A lthough  
in te stin a l reh áb ilita tio n  m ay offer the best chance for a 
m ean in g íu l q uality  o f ỉife an d  the  bes t ch an ce  for 
longevity , tran sp lan ta tio n  as a n ew er form  o f therapy  
m ay be an  o p tio n  for p a tien ts  ía iling  on  p aren te ra l 
n u tritio n .

PROG NO SIS

P aren te ra l a n d  en te ra l n u tr it io n  p ro g ram s rem a in  the  
m a in stay  of th e ra p y  for in ía n ts  an d  ch ild ren  vvith sh o r t 
bow el syn d ro m e. T h e  m a jo rity  o f these p a tien ts , if ad - 
equa te ly  m an ag ed , w ill req u ire  p a ren te ra l n u tr itio n  on ly  
as an  in te r im  p h ase  o f reh a b ilita tio n . Som e p a tien ts  w ill 
even tua lly  dev e lo p  life -th rea te n in g  com plica tions, in - 
c lu d in g  líver d isease . T ra n sp la n ta tio n  o f  e ith e r  the  
bow el o r  the  bow el a n d  liver have becom e possib le  op- 
tio n s for se lec ted  p a tie n ts  un ab ỉe  to  succeed  w ith  par- 
en te ra l n u tr itio n . A lth o u g h  hom e-based  p a rc n te ra l 
n u tr it io n  d o es p e rm it o p tim al psychosocia l deve lop - 
m en l, it re q u ire s  th e  u til iza tio n  of an  aggressive 
n u tr it io n  team  a p p ro a c h  by  n u rses , physic ians, an d  n u - 
tritio n is ts . A u g m en ta tiv e  su rg ica l p ro ced u res  a re  som c- 
tim es helpíul. in  re s to r in g  bow el íunction .

See Also the Follow ing Articles
Bacterial Overgrowth • Enteral Nutrition • Parenteral 
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Sigmoidoscopy
N a t h a n  S c h m ư l h w i t z  a n d  D a v id  A . T e n d l e r  

Duke ưniversity Medicaỉ Center

ca th a rtic  An agent that results in the purging of bowel 
contents.

colitis Inílammation of the colonic niacosa; may be acute or 
chronic.

tìssure A painfi.ll split in the m ucous mem brane of the anus. 
hem orrhoids Varicosities of the external hemorrhoicỉal veins 

thai may result in a painíul swelling at the anus and have 
a propensity for bleeding. 

mini-perforation A small rent in the bovvel, which typically is 
contained by the overlying om entum  and heals wítbout 
the need for surgical repair. 

perineum  The external region between the anus and the 
genitalia.

pneum atosis coli The presence of gas-filled c y s ts  w ith in  
the intestinạl mucosa, which may occur after colonic 
insuff1ation or with colonic ischemia. 

postpolypeetom y syndrom e An acute syndromc composed 
of pain, fever, and focal colitis stem m ing from trans- 
mural thermal injury following the removal of a polyp 
with cauterization. 

proctitis Inílammation of the rectal mucosa; may be acute or 
chronic.

sigmoidoscopy A technique for obtaining intralumenal 
visualization of the rectum , sigmoid, and, usually, left 
colon, uti]izing a fiber-optic endoscope. 

splenic fìexure The section of colon representing the 
transition from the transverse colon to the left colon, 
typically located in the left upper quadrant of the 
ábdomen, iníerior to the spleen. 

tenesm us A painíul cramping sensation o í incomplete 
deíecation, accompanied by ineffectual straining to 
íưrther evacuate the bowel. 

valves of H ouston The three or four crescentic transverse 
folds of the rectum.

S igm oidoscopy, by deíìn ition , is  a m anual techn ique 
w hereby in tra ìum enal visuaIization  of the rectum  and 
sigm oid colon is accom plished using  a íiber-optic endo- 
scope. Hovvever, the procedure generally  inc ludes exam- 
ination  of the left colon as well. W ith the advent o f íỉexible 
cndoscopy  in the 1960s, it becam e possib le to survey the 
en tire  large in te stin c . Yct, even as íull colonoscopy has 
becom e an im p o rtan t tool in  the w orkup  and surveillance 
of various cond itions, Aexible sigm oidoscopy con tinues 
to play an im p o rtan t role in  gastro in tes tina l diagnostics. 
T hat ro le is based  on several key íacts: (1) Aexible 
sigm oidoscopy  is safe and, m ost often, does not requ ire  
sedation ; (2) the  p rocedure  can be perío rm ed  relatively 
quickly, in an  office se tting , and by a varie ty  of appropri- 
ately tra in ed  h ea lth  care providers; and  (3) findings in  the 
d istal colon o ften  answ er im portan t clin ical questions 
regarding d isease sta tes  such  as acu te colitis, chronic co- 
litis, and  rec ta l bleeding. A lthough evaluation  o f the sìg- 
m oid colon can  also be accom plished w ith  a rigid 
sigm oidoscopc, th is  techniquc has largeỉy been  sup- 
p lan ted  by ílexible sigm oidoscopy, w hich is be tte r toler- 
ated  by pa tien ts  and  typically  aỉlow s for a m o re extensive 
exam ination . T hereío re , the focus o f th is  article w ill be on 
the use of Aexible sigm oidoscopy.

PATIENT PREPARATION

P re p a ra tio n  ío r  sigm o idoscopy  is far easier fo r the 
p a tie n t th a n  th a t n ecessary  for co lonoscopy . As only 
the d istal p o r t io n  o f the co lo n  n eed s p ro p e r  cleansing , 
enem as p r io r  to  p ro ce tìu re  o ften  suffice. A com m on



p re sc r ip tiọ n  is o n e  o r tw o h y p e rto n ic  p h o sp h a te  en- 
em as ta k e n  an h o u r  p rio r  to  exam ina tion . Delay of 
o v er an  h o u r  from  the  last enem a m ay allow  m ore 
p ro x im a l fecal d eb ris  to  m ig ra te  to  the  left colon. 
M any  d iffe ren t bow el p re p a ra tio n s  for sigm oidoscopy  
h av e  b e e n  s tu d ied  and  rec o m m en d a tio n s  vary. Som e 
in v e s tig a to rs  advocate  u sin g  o ra l ca tha rtics , su c h  as 
m a g n esiu m  c itra te , the n igh t b e ío re  the  exam ina tíon , 
fo llow ed  by  tw o h y p e rto n ic  p h o sp h a te  enem as on  the 
day  o f th e  exam . O th e rs  suggest u sin g  oral laxatives, 
su c h  as m ag n esiu m  c itra te  o r  o ra l h y p erto n ic  phos- 
p h a te  so lu tio n , a lọ n e  o r  in  co m b in a tio n  w ith  a stim - 
u la n t laxa tive , su ch  as b isacodyì. A lthough  h y p erto n ic  
p h o sp h a te  en em a is ihe Standard reg im en , a lternative 
p re p a ra tio n s  can  be  ưsed b ased  o n  the p references of 
th e  e x a m in e r  an d  m ed ica l h is to ry  of ihe patien t. 
A d d in g  o ral ca th a rtic s  the n ig h t b e ío re  a p ro ced n re  
w ill u su a lly  lead to  a b e tte r  p re p a ra tio n  an d  m ig h t be 
u se íu l in  the  p a tie n t in w h ọ m  en em as alone are 
su sp e c te d  to  give m arg inal resu lts. Such a patien t 
m ig h t be  so m eo n e  w ith  severe d iv e rticu la r d isease, 
o n e  w ith  p o o r  anal sp h in c te r  tone , w ho  has difficulty 
re ta in in g  a n  enem a, o r som eone  w ith  a p o o r p repara - 
tio n  p rev iously . H ow ever, p a tie n t to ie ran ce  and  satis- 
ía c tio n  m ay  be co m p ro m ised , in  ligh t o f the com m on  
sid e  effects o f o ra l laxatives, su c h  as abdom inal cram p- 
ing , n au sea , an d  vom iting . T he goal o f the bowel 
p re p a ra tio n  is th reefo ld : saíety, eííicacy, an d  to lerance. 
A  p ro p e r ly  c leansed  bow el allovvs llie en d o sco p ist to 
ad v an ce  th e  in s tru m e n t w ith  a cìear view  o f  the lum en  
a n d  h en c e , ach ieve a th o ro u g h  and  safe exam ination . 
A  p o o r  p re p a ra tio n  w ith  resid u a l stoo l m ay re su lt in 
an  in a d e q u a te  assessm en t o f the co lon ic  m ucosa, as 
w ell as an  inc reased  risk  of p e río ra tio n  du e  to sưb- 
o p tim a l v isu a liza tio n  o f  the  co lon ic  lum en . Pathoiogy  
m ay  be m issed  w ith  s to o l in  the  w av, even  w ith  honest 
e íío r ts  to  ỉrrig a te  a n d  asp ira te . T h ere ío re , the p a tien t is 
b e s t se rv e d  by hav ing  the ex am in a tio n  reschedu led . 
F ina lly , a g o o d  co lo n ic  p rep a ra tio n  usually  y ie lds a 
s h o r te r ,  m o re  com fortab le  ex am in a tio n  for the patien t. 
M in im iz in g  d isc o m ío rt is p a ra m o u n t for en su rin g  
cp m p lia n c e  w ith  p o ten tia l fu tu re  exam ina tions.

W h e n  ch o o s in g  a p rep a ra tio n , it is im p o rtan t to  ac- 
c o u n t for the  m ed ỉca l co n d itio n  o f the patỉen t. O ral 
h y p e r to n ic  so d iu m  p h o sp h a te  so lu tio n s  are  generally  
c o n tra in d ic a te d  in  p a tien ts  w ith  renal im p a irm en t, 
d u e  to  th e  p o ten tia l fo r clin ically  sign iíìcan t hyper- 
p h o sp h a te m ia  an d /o r  hypoealcem ia. S im ilarỉy, p a tien ts  
w ith  ren a l im p a irm en t shoulcl avo id  m agnesm m  citrate  
p re p a ra tio n s , du e  to  th e  risk  of develop ing  hvperm a^- 
nesem ia. S od ium  p h o sp h a té  so lu tio n s  m ay also be 
h a z a rd o u s  in  those  w ith  congestive heart ĩa ilu re  or cir- 
rh o s is , cluc to the l arge so di u m  loacl iha t occ u rs w ith

these p repara tions. O th er co n d ỉtio n s  th a t m ay carry  
an  inc reased  risk  for so d iu m  p h o sp h a te -in d u c ed  
h y p e rp h o sp h a tem ia  in c lu d e  severe u lcerative co litis 
an d  p reg n an cy  (th e  p lacen ta  actively  tran sp o rts  p h o s- 
ph ates). P hosphate  p rep a ra tio n s  can  also cause ep ithe l- 
ial s lo u g h in g  an d /o r a p h th o u s  u lcera tio n s, w h ich  m ay 
cause confusion  ÌĨ1 cases o f su sp ec ted  colitis. M ucosal 
b iopsies w ill u sua lly  d is tin g u ish  p rep a ra tio n -in d u ce d  
changes from  a ch ro n ic , id io p a th ic  colitis. In m o d e ra te  
to severe colitis, w ith  sign iíìcan t d ia rrh ea , bow el p rep - 
a ra tio n  m ay n o t be n ee d ed  a t all, as any re ta in ed  s to o l 
w ill be liqu id  and easily  aspiratecỉ. A lternatively , tap  
w ate r enem as m ay be used.

Som e p a tien ts  w ith  ano rec ta l d isease , p articu la rly  
those w ith  fissures, o r  p a tien ts  w ith  low  th resh o ld s  
for d iscom fort m ay n eed  lop ica l an esth e tics , su c h  as 
v iscous lidocaine, o r even  conscious seda tion  for the 
ex am in a tio n . If consc ious sed a tio n  is an tic ip a ted , 
th e n  o v ern ig h t íasting  is necessary  to red u ce  the chance  
o f nausea , vom iting , an d  p u lm o n ary  asp ira tion . In  th is  
c ircum stance , ca rd io p u lm o n ary  m o n ito rin g  is also re- 
q u ired , as w ell as the  p resen ce  of p rov iders th a t are 
tra in ed  and  certiíied  in the ad-m inistration of consc ious 
secỉation.

SETTING UP

It is co m m o n  for p a tien ts  to  experience  vary ing  degrees 
o f anx ỉety  p rio r  to  the p rocedu re . T h ere ío re , the p roce- 
d u re  sh o u ld  be review ed in  detail. T he p a tie n t sh o u ld  be 
rem in d ed  o f w hy the  test is being  perío rm ed , ab n o rm a l 
find ings th a t m igh t reasonab ly  be an tic ip a ted , an d  the 
fact th a t m ild  d isc o m ỉo rt m ay  be experienced . T he pa- 
tien t sh o u ld  k n o w  th a t d iscom fort can be am elio ra ted  by 
rem ov ing  a ir o r  partia lly  w ith d raw in g  the scope, to 
avoid  the n o tio n  th a t m in o r d isco m ío rt sh o u ld  neces- 
sarily  lead  to ab o rtin g  the p ro ced u re . R isks o u g h t to be 
rec o u n ted , in c lu d in g  discom Eort, b leed in g  (especia lly  if 
b iopsies are tak en ), an d  p erío ra tio n . In  the p a tien t re- 
ceiv ing  co n sc io u s seda tion  for the  test, the p o te n tia l ío r 
adverse reac tio n  to  a sedative m u st be  d iscussed  an d  a 
review  o f  co m o rb id  co n d itio n s, m ed ica tions, an d  aller- 
gies is necessary . It is im p o rta n t to p rov ide  am ple tim e 
for p a tien ts  to have any q u es tio n s  answ ered  an d  for 
in ío rm ed  w ritte n  co n sen t to be o b ta in ed  from  the pa- 
tien t o r d es ig n ated  su rrogate .

O nce the p a tie n t is ready, he or she sh o u ld  lie 011 the 
e x a m in a tio n  tab le w ith  the  left side dow n  an d  facing 
aw av from  the exam iner. M ost en d o sco p ists  w ill use 
v ideo  endoscopes, as o p posed  to íiber-op tic  scopes 
th a t u tilize  an  eyepiece. T he en d o sco p ic  pow er/ligh t 
so u rce  w ill be a longside the en d o sco p isi to the righ t, 
tow ard  th e  p ạ t ie n ts  feet, w ith  the video m o n ito r on  the



o th e r  s id e  of the lable, íacing the p a tien t an d  the en d o - 
scop ist. If  a nu rse  is assisting  the p ro c ẽ d u re , he o r she 
sh o u ld  s tan d  at th e  p a tie n t s feet, on  the o th e r  sicle o f the 
lig h t sou rce , so as to m ost easily  h a n d  en d o sco p e  acces- 
so ries  to  the endoscop ist. T he  ligh t so u rce  shoulci be 
tu rn e d  on  and  ch eck ed  to en su re  th a t a ir insuffla- 
tio n , su c tio n , and  lens-w ash ing  íu n c tio n s  all op era te  
p ro p erly . D iscovering  tech n ica l m a líu n c tio n s  d u rin g  
th e  p ro ce d u re  can  co m p ro m ise  th o ro u g h  ex am in a tio n  
as w ell as p a tie n t con íìdence. At the ready , the en d o - 
sc o p is t sh o u ld  have lu b ric a tin g  je lly , a vvashcloth o r 
gaưze for use if needed  in  h a n d lin g  a lu b ric a te d  in s tru -  
m e n t, an d  a w ater bas in  w ith  a p refilled  60 cc sy ringe for 
irr ig a tin g  stoo ỉ th ro u g h  the en d o sco p e  channei.

N ext, v isual in sp e c tio n  and  a d ig ital rec ta l exam  are 
p e río rm ed . R ectal ex a ra in a tio n  allow s th e  ex a m in e r to 
lu b ric a te  the an a l canal (a g en e ro u s a m o u n t o f je lly  is 
adv ised ) a n d  to  p a lp a te  the ana l canal a n d  lovver rcc tum . 
T h is s tep  is c ritica l for R nding p a tho logy  o f the peri- 
n e u m  an d  anal canal. C o n d itio n s  su c h  as ex terna l 
h e m o rrh o id s  a n d  anal tìssures m ay be best ap p rec ia ted  
a t th is  tim e. T he  p a tie n t sh o u ld  be in ío rm e d  th a t the 
m a n eu v e r is to o c c u r  and  it sh o u ld  be p erío rm cd  slow ly. 
U nexpected ly  co ld  lu b ric an t, rap id  in se rtio n , o r a ro u g h  
ex ám in a tio n  m ay h e ig h te n  an x ie ty  a n d  possib ly  low er 
the th reshơ ld  fo r  perceived  đ isco m fơ rl d u r in g  th e  en- 
doscopy . A te n d e r  íìssu re o r in ílam ed  h e m o rrh o id s  m ay 
w arra n t the u se  o f an e s th e tic  je lly  d u r in g  ex am in a tio n . 
C irc u m le ie n ũ a l p a lp a tio n  oí llie canal and  lovver rec tu m  
is im p o rta n t, as th is  area  is th e  m o st clilíìcult to exam ine 
endoscop ically , even w ith  re tro íle x in g  th e  scope. Fur- 
th e rm o re , o n  occas io n , le s ions th a i are n o t easily  dis- 
tin g u ish ed  v isually , su ch  as sq u a m o u s cell cancers o f the 
ana l canal o r su h m u c o sa l lesions, m igh t be palpated .

THE SIG M O IDO SCO PE

M ost com m o n ly , flexible s igm oidoscopy  is p e río rm ed  
w ith  a 60  cra e n d o sco p e  w ith  a .12 m m  o u te r  d iam eter. 
A1I S tandard  en d o sco p es  are rig h t-h an d e d , so th a t the 
shaft is g rasped  w ith  the r ig h t h a n d  and  t he con  tro i head  
w ith  the left. W ith in  th e  shaft, e ith e r íibe r-op tic  b u n d le s  
(in  th e  o ld e r m o d e ls) o r an  e lec tro n ic  ch ip  ca rrie s  the 
v isual im age e ỉth e r  to  a ío cu sin g  lens b e n e a th  an  eye- 
p iece o r to  a v ideo p ro cesso r, respectively . T he sh a ft also 
carries th e  cables th a t allow  th e  d irec tio n a l đ ia ls to  con- 
tro l the scope tip , as w ell as an  o p e n  ch a n n e l th ro u g h  
w h ich  Instrum ents can  be passed  (ío rceps , snare , cau- 
tery  p ro b e , in jec tio n  n eed le , e tc .). At the co n tro l head  
are tw o m a in  b u tto n s , tw o d ia ls, an d  an  e n try  p o r t ío r the 
in te rn a l channel. T he  u p p e r  b u tto n  is d ep ressed  for 
su c tio n , w ith  the clegree o f d ep ress io n  co rre sp o n d in g  
to  the su c tio n  p ressu re . T he low er b u tto n  h as a C en tra l

h o  le, w h ich  is coverecl to ac tiva te a ir in su ffla tion  a t the 
en d o sco p e  tip. T ap p in g  at the b u tto n  allow s fo r fine 
co n tro l o f delivered  a ir vo lum e. D ep ressing  th e  low er 
b u tto n  fully causes th e  w a te r irrig a tio n  system  to  c lean  
the lens at the scope tip  by  w ash ing  ac ross it. S om e 
en d o sco p es have o th e r  b u tto n s  for freezing  o r  c a p tu r in g  
im ages to  ihe v ideo p ro cesso r. T he in n e r  dial Controls u p  
and down tip d eílcction  and the sm aller outer dial Con
tro ls  left an d  r ig h t tip  deílec tion . O n  m o st Đ exible sig- 
m o idoscopes, th e  tip  can  deílec t 180° in  th e  u p  o r 
do w n  d irec tio n  an d  160° left o r righ t. B rakes a re  u su a lly  
m o u n te d  on  these d ia ls to  lock  them  if one w ishes to 
m a in ta in  a g iven tip  d e tlec ù o n  o r n e iitra ì p o s itio n . A n 
um bilica l co rd  in se rts  in  to the co n  tro i head  a n d  co n - 
n ec ts  it to the p o w er so u rce  th a i Controls th e  lig h t, a ir, 
a n d  irrig a tio n  system s. T he  scope h ead  sh o u ld  be  h e ld  in  
the left hancl so th a t the th u m b  can  reach  b o th  clirec- 
tional d ia ls  an d  the forefinger com es a ro u n d  10  ih e  íro n t 
o f the head  to  m anage th e  b u tto n s .

O ccasionally , th e  Standard ílex ib le s ig m o id o sco p e  
sha íl m ay be too  stiff for som e pa tien ts . T he ad v an tag e  
o f a rela tively  stiff-shafted  'in strum en t in  the co lo n  is th a t 
ít red u ces scope lo o p in g  in the o ften -w in d y  left co lon . 
H ow ever, w hen  th e  s igm o id  co lon  is m o re  to r tu o u s  o r 
has res tric ted  m obility , ow ing  to p rev io u s su rg e rie s  o r 
in ílam m ato ry  (e.g ., d iv e rticu la r)  p rocesses, a S tandard  
sigm oidoscope m ay cause p a in íu l loo p in g , as it  s tre tc h e s  
th e  bovvel u p o n  its m esen tery . In su c h  cases, a th in n e r , 
m ore  Qexible inslrum eiU  m ay be h e lp íu l. F or th ese  oc- 
casions, a Standard gastro sco p e  is thinner (0 .9 6  cm ) and  
longer a n d  has g rea te r tip  deflection . Such  a n  in s tru -  
n ie n t can  m o re  easily  n ego tia te  sh a rp e r  tu rn s  in  a to r- 
tu o u s co lon  w ith  less p re ssu re  ap p lied  an d  sh o u ld  allow  
the en d o sco p is t to  reach  th e  sp len ic  Qexure w ith  less 
p a tien t cỉiscom íort.

SIG M O IDO SCO PIC TECH NIQ UE

In general, the s igm o idoscope  sh o u ld  be ad v an ced  Uĩitil 
the sp len ic  n ex u re  is reach ed , so lid  s to o l is e n c o u n te re d , 
o r th e  p a tie n t ex p e ricn ces  ap p rec iab le  d isco m ío rt-  
T hus, a p ro p e r  exam  req u ires  som e sk ill o n  th e  p a rt 
o f the enc ioscopist, in orcler to reach  th e  Q exure vvithout 
ru n n in g  o u t o f sco p e  o r co n v in c in g  th e  p a tie n t n e v e r  to 
re tu rn . A co m p le tc  exam  u su a lly  tak es 5 to  10 m in .

A fter th e  rec ta l ex am in a tio n , the p a tie n t sh o u ld  be 
to ld  th a t th e  en d o sco p y  is to  b eg in  an d  a d d itio n a l lu- 
b rica n t is ap p lied  to  th e  d is ta l p o r tio n  o f th e  e n d o sco p e  
tip. T he scopc is th e n  in se rted . Ư sually  the sco p e  w ill 
rneet m ild  resis tan ce  at the anal sp h ín c te r  m u sc le s  an d  
th en  slip  th ro u g h  the an a l canal. P lacem en t o f th e  r ig h t 
forefìnger o n  th e  tip  o f the scope rn igh t help  g u id e  it in to  
the ana l canal.



O nce the scope h as  en te red  the  rec tu ra , it shoulcl be 
w ith d raw n  a few cen tim ete rs , a ir  sh o u ld  be insufíla ted  
in to  the  rec tum , an d  th e  tip  sh o u ld  be deflected  upw ard  
a bit. If n o t p u lled  back , th e  scope vvill likely be pressed  
aga inst the  a n te riơ r w all o f the  re c tu m  vvith a p in k  im age 
o n  the  m on ito r. A íter the  re c tu m  is p artia lly  in íla ted  and  
the  lu m e n  is v isible, th e  en d o sco p e  m ay be advancecl, 
w ith  ud a rk ” areas sign iíy ing  the lu m en  ahead. In 
advancing  the scope, m o st en d o sco p ists  p refer to 
gu ide the  in s tru m e n t w ith  u se  of the up /dow n  dials 
an d  r ig h t-h an d e d  to rq u e  of the  shaít. Left an d  righ t 
tip  de ílec tion  is ra re ly  a p ro m in e n l íea tu re  o f scope 
advancem en t th ro u g h  the  co lon , as it is u sually  s im p ler 
to “feel” the  tu rn s  by g en tly  ro llin g  the  scope betw een  the 
r ig h t th u m b  and  ío re íin g er (w ith  o r w ith o u t the m iddle 
finger).

F orw ard  p rog ress a n d  r isk  re d u c tio n  requ ire  tha t the 
lu m ẹn  be visualized  a t all tim es. T his is n o t alw ays easy 
as the  bow el has co n tin u o u s  u n d e rly in g  perista ls is  and  
som e tu rn s  m ay be sh arp . Yet, the m ost 'im portan t ru le of 
in testin a l endoscopy  is to  alw ays p u ll back w hen  the 
lu m en  is no t clearly  visible. L ikew ise, if b la n ch in g  of 
b lood  vessels is o bse rved , excessive p ressu re  is being  
ex erted  on  the  m u co sa  and the  scope sh o u ld  be 
p ro m p tly  w ith d raw n  u n til a view  o f the lu m en  is re- 
sto rcd . O ne sh o u ld  nev e r w orry  ah o u t losing  grouncl 
ÌĨ1 ía lling  back  pas t a tu rn . S om etim es, sh a rp  tu rn s  re- 
q u ire  p u llin g  back , d ec id in g  w hich  angle lo  take, and 
th en  p ro ceed in g  anew . O nce a tu rn  is inade w ith  ihe 
scope tip , p u llin g  the sh a ft back  slightly , vvith the scope 
tip  still deílec ted , u su a lly  allow s for the lu m e n  to  com e 
back  in  to  view. C are m u s t alw ays be taken  to advance 
the  scope on ly  w h en  the p a th  of the  lu m en  is certain . 
“Blind p u sh in g ” m ay lead  to trau m atic  com plications 
an d  m u st be avo ided . G reatest care m u st accom pany  
the ex am in a tio n  of th e  co lo n  w ith  dense  d iv erticu la r 
disease. Large, th in -w alled  d iv erticu la  m ay m im ic the 
lu m en  an d  th u s  every m a n eu v e r w ith  the scope tip  m usl 
be slow  an d  cãu tious. W h e n  a sh a rp  tu rn  is p resen t and 
the d irec tio n  is k n o w n , th e  en d o sco p is t is o ften  tem pted  
to “slide by ,” th a t is, g en tlỵ  try  to  advance the d irec ted  
scope tip , h o p in g  the  lu m en  w ill soon  com e in  to view. 
S lide-by m aneuvers  do  ca rry  som e risk  an d  sh o u ld  gen- 
erally  be avoided. S om etim es it can  b e  avo ided  by  e ith e r 
h o o k in g  a tu rn  a n d  p u llin g  back  on  the  scope sha ít, thus 
b rin g in g  the lu m e n  in to  view , ó r bv p u lling  back, 
d esu ííla tin g  the se g m en t o f  bow el, vvhich m ay decrease 
the acu ity  o f th e  a n g u la tio n , and  slow ly advancing  
th ro u g h  a um em o rized ” tra il w ith  only  a sm all am oư nt 
o f d a rk  lu m en  lead in g  the  way. The c ircu lar m uscles in  
the w ail o f the co lọn  a re  h e lp íu l, as the lum en  w ill follow 
in  the d irec tio n  o f the concave co n to u rs , vvhich usually  
are reacìily a p p a ren t th ro u g h  the  m ucosa.

Inevitably, w hen  p u sh in g  an  endoscope  in to  the  
co lon , loops w ill occur. In looping , fo rw ard  p ressu re  
on  the  back  en d  o f the scope íorces the shaft in to  the  w all 
o f the  bow el b eh in d  the scope úp . T he o n ly  w ay for 
loop ing  n o t to  h ap p e n  is for the bow el to  resem b le  a 
s tra ig h t p ipe , w h ich , u n íơ rtu n a te ly , does n o t com m o n ly  
occur. In  o th e r w ords , lo o p in g  always o cc u rs  an d  for- 
w ard  p rogress req u ires  tha t the loop  be “re d u c e d .” A 
loop  can  be rem oved  by pư lling  back  on  the  scope 
an d  usually  by try ing  to to rq u e  the scope in  th e  d irec tio n  
opp o site  to the  d o m in a n t tw ist o f the bow el, a m an eu v er 
th a t o íten  calls u p o n  trial an d  erro r. L oops in  the  sig- 
m o id  co lon  are m ost often  “a lpha” loops, w h ich  are  
u sually  red u ced  by to rq u in g  the shaft c lockw ise an d  
p u llin g  ihe scope backw ard . R em em ber th a t w ith  
every  tu rn  m ade by  the  scope tip , som e lo o p in g b e co m es  
in h e re n t in  the shaít. F or th is reason , the  en d o sco p is t 
sh o u ld  try  to  w ith d raw  som ew hat after every  tu rn . In 
d o in g  so, the  bow el can be s tra ig h ten ed  along  the  shaft 
o f the  scope, allow ing  for íu r th e r  fo rw ard  progress. In 
u nsedated  sigm oidoscopy , no  s ign iíican t lo o p in g  w ill 
escape ihe en d o sco p ist’s consciousness, as the p a tien t 
w ill becom e uncom fortab le  w hen  the bow el is s tre tch ed  
on  its m esentery . Passing the  scope m ore p rox im ally  
w ill, usually , occu r only  a íte r  red u c in g  the  loop  an d  
resto rin g  the p a t ie n ts  com ĩo rt. In the p a tien t w ith  
k n o w n  o r su sp ec ted  acu te  co litis , lo o p in g  sh o u ld  be 
avo ided  ai all costs, as the less s tu rđ y  bow el w all m ay 
m ore easily su ccu m b  to trau m atic  wall p ressu res  ap- 
p lied  by the  scope.

As m en tio n ed  prev iously , the  an a to m ic  goal of sig- 
m o idoscopy  is to reach  the sp len ic  A exure, th e  p rox im al 
en d  of the  uleft co lo n .” A lthough  th e re  are  no  co n sis ten t 
lan d m ark s  in  the  large in te s tin e  be tw een  the  anal canal 
an d  thê ap p en d ix  and  ileocecal valvc, th e re  are a few 
w ays to  he lp  decide w h ere  th e  scope tip  m igh i be. O ne 
endoscop ic  m ark e r to  look  for is the sp leen  itselí. T he 
sp leen  and  liver b o th  are clearly  seen  th ro u g h  the 
lh in -w alled  bow el. U n ío rtu n a te ly , a sp len ic  o r h epatic  
im p ressio n  som etim es o ccurs in  m ore th an  one  segm ent 
o f colon. L ight p ressu re  on  the  an te r io r  a sp ec t o f the 
abdom inal sk in  m ay y ie ld  a gross idea of w here  the 
scope tip  is in  the  abdom en , a lth o u g h  k n o w in g  tha t 
the tip  is som ew here  in  the  left u p p e r  q u a d ra n t o r 
m id  ab d o m en  is n o t too  h e lp íu l. T he m ost h e lp íu l m ark- 
ers are  the appearance  of the bow el an d  the cen tim ete r 
m ark ings on  the  shaft o f the scope. (N ote th a t the d ep th  
of scope in se rtio n  has in ío rm a tio n a l value on ly  if the 
endoscope is fụlly reduced , as looping  w ill alvvays gi ve 
the m is im pression  o f the tip  b e in g  m ore p ro x im a l in  the 
bow el.) W h en  the scope is s tra ig h t, the sp len ic  ílexure is 
u sua lly  app rox im ate ly  4 0 —4 5 c m  from  the  anus. Nev- 
erthe less, tw ice th a t leng th  of scope can easilv  be p u sh e d



in to  the  bow el befo re  reach in g  the  sp lcn ic  ílexu re , if 
Io o p in g  is allow ed. O f co u rse  the  Standard sigm oidos- 
co p e  is on ly  60  cm , m e an in g  th a t loops m u st be red u ced  
system atically .

T he ap p earan ce  o f the  bow eI m ay also  be useful. The 
c a p ac io u s  rec tu m  is ap p ro x im ate ly  10—15 cm  long  and  
is p a r tia lly  d iv ided  p ro x im a lly  by  the  valves o f H ouston , 
w h ic h  causes the  en te r in g  en d o sco p e  to s la lom  a bit 
b e fo re  rea ch in g  the  rec to sig m o id  ju n c tio n , at w h ich  
tim e  the  lu m en a l d ia m e te r  n a rro w s appreciab ly . The 
sig m o id  co ỉon  ru n s  ap p ro x im ate ly  15—20 cm , b u t is 
typ ically  q u ite  se rp ig in o u s and  its leng th  varies w idely  
am  o n g  p a tien ts . T he ju n c tio n  o f the  sigm oid  an d  de- 
sc en d in g  co lo n s is usua lly  n o t ev id en t endoscop ically , 
as it  is on  b a riu m  enem a. O ne m ay h ít a long  “stra igh t- 
aw ay ,” w h ich  usua lly  m e an s  th a t the  scope tip  is in  the 
d esce n d in g  co lon  and  th a t the  n e x t m a jo r  tu rn  w ill be 
the  sp len ic  ílexure . Yct, som e p a tien ts  m ay have a rel- 
a tively  sh o rt d esce n d in g  co lo n  o r one tha i is as to r tu o u s  
as th e  sigm oid  due  to  d iv e rticu la r  o r o th e r  in ílam m ato ry  
d isease , p rev io u s  su rg ery , o r  lax ity  in  ihe  m esen tery , 
w h ic h  m ay com e w ith  age. T he transverse  co lo n  usua lly  
h as a typical tr ia n g u la r  sh ap e  to the  co lo n ic  h au s tra  and  
a re la tive ly  s tra ig h t course . Seeing thesc  iden tify ing  
m a rk s  allow s th e  en d o sco p is t to  co m ío rtab ly  p resu m e 
th a t the sp len ic  ílexu re  has b een  traversed .

In tr tith , th e  sp len ic  ílex u re  is n o t  reach ed  as com - 
m o n ly  as it sh o u ld  be d u r in g  sigm o idoscop ies. O ne 
s tu d y  u sing  m agnetic  im ag ing  to d e te rm in e  scope tip  
lo ca tio n  d isco v ered  th a t a q u a r te r  o f ex a m in a tio n s  íailed  
to reach  the s ig m o id -d escen d in g  ju n c tio n  an d  few er 
th a n  10% rea ch ed  th e  sp len ic  ílexure. T h e  sam e s tu d y  
u sed  co lo n o sco p es  to  d em o n s tra te  th a t, o n  average, 
75 cm  o f sco p e  w as n eed ed  to reach  th e  sp len ic  ílexure . 
S uch  in ío rm a tio n  co n íìrm s th e  im p o rta n ce  o f aìw ays 
try ing  to co n tin u a lly  rem ove loops, espec ially  w herì 
u sing  a 60 cm  scope. K eeping  th e  en d o sco p e  s tra ig h t 
an d  rep ro d u c ib ly  rea ch in g  at least the  d escen d in g  
co lon , hovvever, takes p rac tice  an d  skill. ìn  th a t vein , 
effective s igm oidoscopy  (p a rtic u la rỉy  for sc reen in g  
p u rp o ses , w h ere  d e p th  o f in se rtio n  m ay d e te rm in e  find- 
ings) req u ires  ex p erien ce  a n d  c o n tin u e d  rep e tù io n .

O nce the  sp len ic  ílex u re  is  reach ed , so lid  stoo l is 
fou n d , o r the p a tie n t is overly  u n co m ío rtab le , the  p ro - 
cess of w ith d raw in g  the  scope begins. It is d u r in g  w ith - 
dravval th a t m ore  careíu l e n d o sco p ic  ev a lu a tio n  o f  the 
bow el occu rs. D u rin g  in se rtio n  it is gen era lly  w ise to 
avo id  full in su ữ la tio n , w h ich  m ak es the  bow el longer, 
the  tu rn s  sh a rp e r, and  the p a tie n t m o re  d is ten d ed . Yet, 
on  w ith d raw in g  the  scope, care sh o u ld  be taken  to 
see the e n tire  m ucosal su rĩace , w h ich  necessita tes  
so m e insufflation . M uch o f th is  a ir  can  be su c tio n e d  
back  o u t as th e  ex a m in a tỉo n  p rog resses  d istally . M any

en d o sco p is ts  reserve m ucosa l b iopsies  o r  po lypectom ies 
for the  w ith d raw a l stage o f the  test. (A caveat to th is 
o p tio n  is  th a t p o ly p s th a t are sm all o r  in  aw kw ard  spo ts , 
su c h  as b eh in d  folds, sh o u ld  be rem o v ed  on  in se rtio n  
lest they  n o t be fo und  on  w ith d raw a l.)  W ith d raw in g  is 
techn ica lly  easier, as tu rn s  can be m o re  read ily  an tici- 
p a ted  and  scope loops, an d  h o p e ỉu lly  a ir, are b e in g  re- 
m oved , a llow ing  the  p a tie n t m ore  com fort. H ere, it  is 
im p o rta n t to keep  the lu m e n  ce n te re d  in  v iew  w ith  fine 
tip  co n tro l. Som e advocate  lock ing  the  rig h t/le ft d ia l to 
m in im ize u n w an te d  m in o r tip  de ílec tio n s and  u sing  
gen tle  to rq u e  an d  the  u p /d o w n  dial to m a in ta in  p ro p e r  
bow el v isua lization . G en tle  to rq u in g  o f the shaft a llow s 
the  en d o sco p e  tip  to  sw ivel a b ít, e n h a n c in g  visualiza- 
lio n  b eh in d  folds. lf  th e  scope slips b ack  too qu ick ly  and  
a segm en t o f  co lon  is n o t ad eq u ate ly  in sp ec ted , the en- 
d o sco p ist sh o u ld  advance once again , so as to avoid  
m issing  any  patho logy . S im ilarly , if  the  p a tien i passes 
íla tus, w h ich  sh o u ld  not be d isco u rag ed  as it p ro m o tes  
co m ío rt, o r bow cl spasm  occu rs , th e  e n d o sc o p is tsh o u ld  
s to p  an d  re-in fla te  the  segm ent. L iqu id  stoo l sh o u ld  be 
su c tio n e d  o u t an d  m u co sa  w ith  a d h e re n t stoo l sh o u ld  be 
irrig a ted  w ith  w ater. T hese c lean in g  ch o res  are best 
avo ided  d u r in g  scope in se rtio n , un less  the  lu m e n  ca n n o t 
be ad eq u a tc ly  seen , as they  lead  to excessive air insuf- 
íla tion  early  on , m a k in g  the  rest o f the  in se rtio n  p rocess 
m o re  diffìcult.

A fier the  scope has been  p u lle d  b a c k  in io  the rec tu m  
and  the re c tu m  ex am in ed , re tro íle x io n  is p e río rm ed . 
T he tip  sh o u ld  be rig h t a t the  ana l verge an d  a ll d ia l 
b rak es sh o u ld  be re leased  so the scope is as ílexib le as 
possib le . T he scope is th en  slow ly  advanced  as m ax im al 
u p w ard  tip  d e ílec tio n  is ap p lied  w ith  co n c o m itan t 
to rq u e  in  e ith e r  d irec tio n . T h is m an eu v e r allơw s the 
tip  to face b ack  to w ard  th e  an u s  an d  the  scope sha ít 
ilselí. H ere, in te rn a l h em o rrh o id s  are b est seen , as is 
ihe m ost d istal rec tu m . W ith o u t re tro ílex io n , m any  
low  rec ta l le s io n s w ill be m issed. R etroA exion can  be 
u n co m ío rtab le  for the  p a tien t, so  the  p a tie n t sh o u ld  be 
w arn ed  o f  im p e n d in g  rec ta l p ressu re , w h ich  w ill signiíy  
the  end  o f  th e  p ro ce d u re .

A lthough  the  varie ty  o f en d o sco p ic  fìnd ings is be- 
yon d  the scope o f th is artic le , several íìnd ings b ea r m en- 
tion . Polyps a p p e a r  as ra ised  m ucosa l lesions; m ost are 
on ly  sligh tly  ra ised  off the  su ríace , b u t som e m ay be 
large an d  ro u n d e d  on  stalks. T iny  p o lyps m ay  be re- 
m oved  (u su a lly  w ith  b iopsy  forceps) d u r in g  th e  exam  
to d e te rm in e  w h e th e r  they  are ad en o m a to u s , an d  thus 
ca rry ing  m a lig n an t p o tcn tia l, o r hy p erp la stic , w ith o u t 
any m a lig n an t p o te n tia l. H y p erp lastic  p o lyps generally  
are ra th e r  sm all, sessile , an d  sm o o th  te x tu red , w hereas 
m ost ad en o m as have a sligh tly  co rru g a ted  su ríace , al- 
th o u g h  a p p e a ra n c e s  m ay so m etim es be m islead ing . If



larger (g reater than  3 —4 m m )  o r m ultip le  p o lyps are 
found , co n cern  for likely  adenom as sh o u ld  lead  to 
sch ed u lin g  a co lo n o sco p y , obviaiing  sam pling  efforts. 
S im ilarly , if  a tu m o r is ío u n d , co lonoscopy  will be nec- 
essary  to “clea r” the  p ro x im a l co lon  p rio r  to  surgical 
evalua tion . D iverticu la , vascu lar m alíb rm ations, hem - 
o rrh o id s , or m ucosal in ílam m atio n  sh o u ld  alw ays be 
n o ted , as they m ay ex p la in  prev ious or íu tu re  b leed ing  
ep isodes.

IND ICATIO N S

A v erag e-R isk  C a n c e r  S c reen in g

T he m ost co m m o n  ap p lica tio n  oí ílexibỉe sigm oid- 
oscopy  is for co lon  can ce r screen ing  in the average-risk  
ad u lt. C o lon  cancer is the second  m ost com m on  cause of 
can cer-re la ted  d ea th  in  the U nited  States. T he survival 
ra tes for early-stage m alignancies are excellen i, b u t 
ra th e r  p o o r for advanced  tum ors. F u rth e rm o re , it is 
vvell es tab lished  th a t ad en o m ato u s co lon  po lyps are 
the  p rec u rso rs  o f ad en o ca rc in o m as of the co lon  and  
rec tum . T here íb re , sc re en in g  people for early  cancers 
a n d  for po lyps tha t m ay lead  to cancers is w o rth w h ile  
an d  h as  been  show n to save lives. S creening  m odalities  
cu rren tly  in c lu d e  íeca l-o ccu lt bloocl tcsting , sigm oidos- 
copy, b ariu m  enem a, an d  co lonoscopy. C o m p u te rized  
tom o g rap h ic  (C T ) co lonography  is an o th e r  m odality  
th a t is being  investiga ted  as a screen ing  tech n iq u e , 
b u t is cu rren tly  co n s id ercd  experim en taì and  has n o t 
yet b een  ap p ro v ed  for th is ind ication . E ndoscop ic  
screening is the most sensitive way to find neoplasms, 
an d  p o ly p s g rea te r than  5 m m  in size are rarely  missecl. 
F o r average-risk  p a tien ts , the A m erican C ancer Society, 
A m erican  C ollege of G astroen tero logy , and the G astro- 
in te s tin a l C o n so rtiu m  all recom m cnd  co m b in in g  yearly  
three-sam ple fecal-OGCult blood tests w ith  sigm oidos- 
copy  every 5 years o r p e río rm in g  co lonoscopy  every 
10 years. T he P reventive Services T ask F orce aỉso rec- 
om m en d s s igm oidoscopy  every 5 vears after the  age of 
50, w ith  or w ith o u t co n co m ilan t yearly fecal occu lt- 
b lo o d  testing . T he obv io u s sho rtcom ing  of sigm oidos- 
copy  is m issing  p ro x im a l lesions an d  betw een  20 and 
50%  o f p a tien ts  w ith  p o ly p s vvilỉ have only  p rox im al 
lesions. In fact, there has been a Wrightward sh iít” in 
co lo recta l neoplasia , so that polyps and cancers are 
íound  in  the p ro x im a l co lon  m ore com m only  th an  a 
few decades ago. Yet, as th e re  are insufficient resou rces 
to  p e río rm  sc reen in g  co lonoscop ies íor the en tire  pop- 
u la tion , íecal occu lt-b ỉo o d  tesúng  and  sigm oidoscopy  
rem a in  im p o rta n t too ls  to  th is  encl. In tru th , the ad d itio n  
of fecal o ccu lt-b lo o d  te s tin g  to sigm oidoscopv only m ar- 
ginally  increases the yield o f advanced  (10 m m  of larger)

neop lastic  le sions, from  70 to 76% . Yet, fecal occu lt- 
b lo o d  testing  is re la tiv e ly  in ex p en siv e  a n d  w ill yield 
m ore  co lo n o sco p ies , w h ic h  m ean s  fin d in g  m ore  can- 
cers. (N ote th a t p a tie n ts  w ith  p o sitiv e  fecal occu lt- 
b lo o d  testing , k n o w n  o r  su sp e c te d  ad e n o m a to u s  polyps 
on sigm o idoscopy , fam ily  h is to ry  of a fìrs t-deg ree  rela- 
tive w ith  co lon  p o ly p s o r can ce r, an d  p a tie n ts  o therw ise  
at above-average r isk  for co lo rec ta l ca n ce r  sh o u ld  
u n d e rg o  co lo n o sco p y  a n d  are  n o t a p p ro p ria te  for 
“sc reen ing .”)

Adjunct to Barium Enema in Screening

Barium  en em a , a lth o u g h  less sen sitiv e  th an  
co lonoscopy  for p o lyps a n d  can ce rs , is s till used for 
average-risk  sc re e n in g  a n d  ab o v e-av erag e-risk  ind ica- 
tio n s  for co lon ic  e v a lu a tio n  (such  as p o sitiv e  íecal oc- 
cu lt-b lood  te s tin g , fam ily  h is to ry  of n eo p lasia ). w h e n  
b a riu m  enem a is p e r ío rm e d , a c a ih e ie r- tip p e d  balloon  is 
in se rted  in to  the  re c tu m  a n d  th e re a íte r  b a r iu m  is in tro - 
d u ce d  to the  c o lo n  in  a re tro g ra d e  íash io n . T h e  p resence 
o f  the balloon  p rev e n ts  co m p le te  v isu a liza tio n  of the 
rec iu m . T h u s, w h en e v e r b a r iu m  en em a is u sed  to survey 
the colon, ílex ib le  s ig m o id o sco p y  (o r a t least p rocto - 
scopy) is necessary  to co m p le te  th e  task.

Workup of Minor Rectal Bleeding in Patients 
Less Than 40 Years of Age

T he passage oí red  b lo o d  from  the  re c tu m  generally  
resu ỉts  írom  so u rce s  in  th e  re c tu m  a n d  an a l/p e rian a l 
reg ions. H e m o rrh o id s , anal fissu res, p ro c titis , an d  rectal 
can ce rs  are the  m ost c o m m o n  e x p lan a iio n s . O th e r  pre- 
c ip ita to rs  m ay  in c lu d e  d ista l n eo p la sm s, p ro c titis , left- 
sided  colitis, d iv e rticu la , an g io d y sp la sias , o r co lonic 
ưlcers. Som e of these  c o n d itio n s  m ay involve m u ltip le  
segm ents of the  co lo n , b u t th e  B nd ing  o f a rig h t-s id ed  
lesion  as an  e x p la n a tio n  for sm a ll a m o u n ts  o f visible red  
b lood , w ith  a n o rm a l left c o lo n , is u n u su a l. T h u s , w hen a 
p a tien t d escrib es  seeing  sm all a m o u n ts  o f  b lo o d  w ith  the 
stoo l, o r ju s t  o n  the  to ile t tis su e , e x a m in a tio n  of the 
d isial 60 cm of th e  co lo n  sh o u ld  be  su ffic ien t. H ow ever, 
several s tu d ies  have sh o w n  th a t p a tie n ts  w ith  non- 
em erg en t rec ta l b le ed in g  m ay have above-average risk  
for co lo recta l can ce rs . B ecause o f  an  in c reased  risk  for 
advanced  nco p lasia , if  a p a tie n t is over 40  years o f age 
and  has n o t h ad  a p rev io u s  co lo n o sco p y , a com plete 
ex am ín a tio n  of th e  co lo n  is in d ic a te d  ío r th e  eva lua tion  
of rectal b leed ing . In  the  p a tie n t u n d e r  40  years o f age, 
w ith o u t o th e r  r isk  fac to rs for co lo re c ta l can cer, ílexibìe 
sigm oidoscopy  is the  re c o m m e n d e d  test. O bv iously , the 
specific clin ical h is to ry  sh o u ld  h e lp  g u id e  m anagem ent 
as well. F or in s tan c e , the  n ew  o n se t o f b lo o d  m ixed  w ith  
stoo l, u n re la te d  to  any s tra in in g , te n esm u s, o r o ther



sy m p to m s co m m o n  to  a n o re c ta l p a th o lo g y , shou ld  
h e ig h ten  co n cern  fơr a n eo p lasm . In su c h  a case, 
co lo n o sco p y  m ay be th e  m o s t a p p ro p r ia te  s tu d y . Addi- 
tiona lly , a p a tie n t w ith  b e n ig n  íìn d in g s  o n  sigm oidos- 
copy  w ho  c o n tin u e s  to  b leed , d esp ite  d irec ted  
conservative  m easu res , d eserv es co lo n o sc o p v  to rule 
o u t m issed  or r ig h t-s id e d  lesions.

Suspected Acute Colitis

In th e  p a tie n t c o m p la in in g  o f  re c e n t cram p ing , 
a lte red  bovvel co n s is te n cy , a n d /o r  b le ed in g  p er rec- 
tu m , a d iagnosis o f ac u te  co litis  m u st be  co n sid ered . 
C auses o f acu te  co litis  a re  v arie d  a n d  in c lu d e  infec- 
tio n s , ỉschem ia, m u c o sa l to x ic ity  re la ted  to  m edica- 
tio n s , ch e m o th e ra p y  o r  ra.diati.on, íìares o f ulcer-alive 
co litis  o r CrohiVs co litis , a n d  d iv e rticu litis . U sually  the 
c lin ica l scen ario  le n d s  to  lik e ly  e tio log ies. F or in- 
s tan ce , the h o sp u a liz e d  in d iv id u a l on  an tib io tics  
w ith  new  íever a n d  d ia rrh e a  m ay  have in ĩe c tio u s  co- 
litis du e  to  in íe c tio n  w ith  C lostrid ium  di.fficiỉe, w hereas 
an  elderly  p e rso n  vvith vas.cular d isease  an d  n ew -onse t 
c ra m p in g  an d  b lo o d y  d ia rrh e a  lik e ly  su ffers from  is- 
ch em ic  colitis. O íte n , em p iric  ih e ra p y  for acute 
co litid es  is reaso n ah le . Yet if the  d iag n o sis  o r cause 
is n o t ce rta in , em p iric  th e ra p y  m ay be h az a rd o u s  to 
th e  in d iv id u al, o r  sy m p to m s a re  severe  o r  u n resp o n - 
sive to em piric therapy, íurther investigation  is war- 
ran ted . F lex ib le  s ig m o id o sco p y , w ith  o r  w ith o u t 
b iopsies, w ill g en e ra lly  suffice, as it is u n co m m o n  
for an acute co litis  to so le ly  involve the proxim al 
co lon . In  fact, bow el p re p a ra tio n  is o ften  n o t neces- 
sary , as these  p a tie n ts  ra re ly  h av e  s ig n iíìc an t am o u n ts  
of solid stool in the distal colon and the preparation 
m ay alte r o r w o rsen  m u c o sa l fìnd ings. B iopsies o f the 
affected m ucosa may be qui te help fu l, but, som etim es, 
en doscop ic view s w ill c lin ch  a d iagnosis, such  as the 
typ ical p se u d o m e m b ra n e s  o f c. diffic ile , th e  hypervas- 
cular m arkings o f radiation proctitis, or the segm ental 
d is tr ib u tio n  o f isch em ic  co litis . O n  o ccas io n , acu te  
co litis m ay w a rra n t full co lo n o sc o p y  as in  su sp ec ted  
C y to m eg a lo v iru s-re la ted  co litis , w h ich  m ay affect only 
the p ro x im a l co lo n , o r  w h e n  CT sc an n in g  show s a 
p ro x im a l colitis.

Surveillance o f Chronic, Left-Sided Disease

ư lc e ra tiv e  co litis , a n d  less o ften  C ro h n 1 s co litis , m ay 
be lim ited  to the d is ta l co lon . In  p a tie n ts  w ith  panco litis , 
inc reased  risk  o f co lo re c ta l ca n ce r  h as  led to  regu la r 
su rv e illan ce  p ro g ra m s ío r p a tien ts  w ith  d u ra tio n  o f dis- 
ease over 8 years. ỉn  p a tie n ts  w ith  clistal u lc e ra tiv e  co litis 
o n ly , the tim e to  in c re a se d  c a n ce r risk  is un c lea r, bu t 
m ost phvsic ians s ta rt su rv e illan ce  p ro g ra m s at 12 years

from  d iagnosis. F or these p a tien ts , sư rveillance b iopsies 
o f the invo lved  bow eỉ seg m en ts  can be p e río rm ed  w ith  
sigm oidoscopy  (a lth o u g h  som e a lte rn a te  sigm oidos- 
copic su rveillance ol the  affected bow el w ith  full 
co lonoscop ic  su rve illance). Som e p a tien ts  w ith  íam ilial 
ad en o m ato u s  po lyposis w ill have u n d e rg o n e  co lec tom y 
b u t have an  ileoco lon ic  an asto m o sis  w ith  a re ta ined  
rectal rem n an t. T hese p a tie n ts  need  c o n tin u ed  surveil- 
lance  o f  the  rec tum  given  the  p ers is ten t risk  of cancer 
invo lv ing  the rec tum .

Directed Investigation of Suspeeted 
Left Colon Lesions

N ot in íreq u en tly , co lo n o sco p y  o r sigm o idoscopy  is 
p rec ip ita ted  by ab n o rm al rad io g rap h s . A p a tien t at low  
risk  for co lo recta l can ce r (e .g ., a p e rso n  u n d e r  40 w ith  
no íam ily h isto ry ) o r vvho is a p o o r can d id a te  for 
co lonoscopy  (very e lderly , postm yocard ia l in ía rc tio n , 
c ritica lly  ill, etc.) m ay have a su sp ic io u s B nding on  bar- 
ium  en em a o r CT scan  ih a t seem s to  invoìve the clistal 
bow el. T h is find ing  m ay re p re se n t a m ass, w all th ick - 
en ing , u lce ra tio n , su sp ec ted  co lon ic  invasion  by tu m o r 
in  an  ad jacen t o rgan , o r sim p ly  rad io g rap h ic  artiíac t. In 
su ch  a scenario , an  ev a lu a tio n  o f the co lon  lim ited  to the 
d istal bow el m ay suííice. S im ilarly , in  a p a tien t w ith  
k n o w n  gynecologic o r  u ro lo g ic  m alignancy  the re  m ay 
bc su sp ic io n  o f co lon ic  in v o lv em en t, based  on hem aio - 
chezia o r  suggestive rad io g rap h s . If co lon ic  e x ien sio n  of 
t u m o r  is  s u s p e c te d  in  th e  p e lv is ,  as is  c o T T im o n ly  th e  

case, s igm oidoscopy  is ad e q u a te  to answ er the  q uestion .

Directed Investigation or Treatment of Known 
Left Colon Lesions

U ncom m only , a d istal co lon ic  lesion  needs trea t- 
m en t an d  the m ore  p ro x im a l co lon  has already  b een  
cleared  w ith  co lonoscopy . An en d o sco p ist m ay w ish 
to  rev isit a rec en t co lon ic  p o ly p ecto m y  site, w h en  re- 
s id u a l ad e n o m a to u s  tissue is su sp ec ted . A n o th er occa- 
sion  is p la n n ed  th e rap y  for rad ia tio n  p ro c titis  w ith  
endoscop ic  íu lg u ra tio n  o r  v apo riza tion . N ote th a t 
w h en ev er e lec trica l o r p h o to c h em ica l th e rap ies  are 
used  in  the co lon , even in  u n se d a te d  p a tien ts  w ith  le- 
sions w eil w ith in  the  reach  of the  sigm oidoscope , a full 
bow el p re p a ra tio n  is necessary . If the b ac te ria  th a t p ro - 
d uce h y d ro ca rb o n  gases a re  n o t p u rg ed  from  the co lon , 
the a ío re m en tio n ed  energy  so u rces cou ld , theore tically , 
sp ark  an  exp losion  w ith in  the bow el lum en .

Colonic Symptoms without Bleeding

T he use o f lo w er en d o sco p y  in  the evalua tion  of 
ch ron ic  abd o m in al p a in , a lte red  bow el hab its , o r w eigh t



loss is of low  yíe ld , a lth o u g h  com m onp lace . C o lon ic  
neoplasia  w ill se ldom  explain  co n stip a tio n , b u t  if p res- 
en t w ill o ccu r on  the  left side w here  stool is m o re  ío rm ed  
and sub ject to partia l o b s tru c tio n  m ore easily. Low ab- 
dom inal pain  som etim es is ex p la ined  by d iv e rticu la r  
disease (re lapsing  d iverticu litis) or, m ore com m only , 
by spastic co lon, w h ich  often  can be ap p rec ia ted  en d o - 
scopically . C olonic insu ffla tion  m ay o ften  re p ro d u c e  a 
p a tien t’s rep o rted  pain , and  conversely , a p ro p e r  bow el 
p rep  m ay alleviate ch ro n ic  pa in , suggesting  ỉu n c tio n a l 
bow el sym ptom s. F ind ing  m elanosis coli (h yperp ig - 
m en ted  m ucosa) w ill suggest the  p ro lo n g ed  laxative  
use th a t o íte n  accom pan ies ch ro n ic  c o n s tip a tio n . 
■Sytnptomatic p a tien ts  over 50 years m ig h t benefư  
from  full co lonoscopy , as it is a b e tte r  test to sc reen  
for neoplasia, bu t any p e rtin e n t in ĩo rm a tio n  reg a rd in g  
the ir sym ptom s shou ld  be available in  the left co lon . 
N ote th a t w hen  low er endoscopy  is used to  eva lua te  
ch ron ic  d ia rrh ea , full co lonoscopy  w ith  b io p sies  is 
n eeded  to  ru le  o u t m icroscop ic  co litis, w h ich  so m e tim es 
occurs only in  the  right colon. S im ilarly , full 
co lonoscopy  is n eeded  in  the p a tien t in fec ted  w ith  
hum an  im m unodeíìc iency  v irus w ho p resen ts  w ith  
ch ron ic  d iarrhea.

PROCEDURAL RISKS 

Discomíort

Som e d isco m íò rt shou ld  be an tic ip a ted  by the pa- 
tien t, b u t it is im p o rta n t to re ite ra te  th is  p o in t. Pa- 
tien ts need  to k n o w  tha t the  erìdoscopist is a ttu n e d  to 
the ir sub jective experience, w ill try  to  m in im ize  p a in - 
ful s tim u li, an d  w ill re sp o n d  to  the p a tie n ts ’ in p u t 
d u rin g  the test. Air insu ffla tion  and  scope ìo o p in g  
are the p rim ary  so u rces of p a in  and  bo th  these so u rce s  
can be am elio ra ted . Anal pain  clue to fissure o r hem - 
o rrh o id s sh o u ld  be m anaged  proactively  w ith  anes- 
the tic  lu b ric an t if the p rep ro ced u ra ì rcc ta l exam  
suggests the need .

B le e d in g

M ucosal sc ra tch es d ue  to the  endoscope are  ra re  an d  
se ldom  bleed. Hoxvever, íriable m ucosa associa ted  w ith  
colitis or u n co rrec ted  coagu lopathy  may b leed  s ligh tly  
w ith  even the m ildest scope traum a. The rem ova l of 
po lyps w ith  ío rccps (rernoval o f larger p o ly p s vvith 
o th e r In stru m en ts  is rarely  u n d e rta k en  d u rin g  sigm o id - 
oscopy and is d iscussed  elsew here) alm ost n ev e r leads 
to clinically  s ign iíìcan t b leed ing , a lthough  rec tal po ly- 
pec tom ies may resu lt in a sm all am o u n t o f b lo o d  w ith  
the stoo l over the su b se q u en t few h ours. In co lo n o sco p y

stu d ies , b leed in g  ra te s  for p u re ly  d iag n o stic  exam ina- 
tio n s  are  ap p ro x im a te ly  0.02%  an d  the  risk  for sigm oid- 
o scopy  is like ly  co m p arab le . T he b le ed in g  risk  for 
co lo n o sco p ic  p o ly p e c to m y  cases is s ign ifican tly  h igher, 
b u t large p o ly p s are  n o t rem o v ed  d u r in g  sigm oidoscopy . 
T he  a d d e d  r isk  w ith  ío rce p s-m ed ia te d  po lypectom ies 
is n o t k n o w n , b u t u n lik e ly  to  be m u c h  h igher th an  
for p u re ly  d iag n o stic  s tu d ie s , based  on  com m on  
ex perience .

Períoration

P erĩo ra tio n  ra te s  for ílex ib le  sigm oidoscopy  are  
ro u g h ly  1 in  10,000. T h e  risk  for th is  co m p lica tio n  is 
low er th a n  d u r in g  c o lo n o sco p y  for several reasons: less 
scope  is in se rted , less a ir  is in su ffla ted , few poly- 
p ec to m ies  u tiliz in g  c a u te ry  are p e río rm e d , the th in - 
w alled  cecurn  w ill beco m e less inA ated th an  d u rin g  
co lo n o sco p y , an d  th e  aw ake  p a tie n t w ili com plain  of 
th e  s ig n ifican t lo o p in g  o r  d is te n s io n  th a t increases 
r isk  o f p e río ra tio n . A lth o u g h  even t ra tes are low w ith  
sig m o id o sco p y , each  p ro c e d u re  sh o u ld  be  ca rried  o u t 
w ith  the  u im o s t cau tio n . Every p a tie n t m u s t be w arned  
o f the  risk  for p e r ío ra tio n  w ith  en d o sco p y .

lníection

T he risk  o f  in íe c tio n  re la ted  to  s igm oidoscopy  m ay 
be rao re  th e o re tic a l th a n  p rac tica l. In the  p ast, m uch  w as 
w ritte n  a b o u t p o s te n d o sc o p ic  b ac te rem ia  caused by 
b ow eỉ-flo ra  tran s lo ca tio n  Via a th in , d is ten d e d  bow el 
w all. S tud ies have d e m o n s tra te d  b ac te re m ia  o ccu rrin g  
afte r s ig m o id o sco p y , w ith  th e  g rea test co n c ern  being  for 
p a tie n ts  w h o  c o u ld  n o t c leanse  the  p o rta l b lood , i .e ., 
c irrh o tic s  a n d  p a tie n ts  w ith  v ascu la r p ro stheses. Yet, the 
d a ta  have n ev e r  c learly  sh o w n  a c lin ica lly  significant 
in fec tio u s r isk  w ith  sig m o id o sco p y , a lth o u g h  rare 
cases m ay sti.ll occur.

Chemically Induced Colitis

C olitis  can  o cc u r as a re su lt o f in co m p le te ly  rin sed  
d is in fec tan ts . H y d ro g en  p e ro x id e  an d  g lu ta ra ldehyde  
are  co m m o n ly  u sed  fo r d is in fe c tin g  endoscopes. If 
these  ag en ts  are  n o t th o ro u g h ly  w ash ed  off the in stru - 
m e n t sh a ít an d  c h a n n e ls , they  can  su b se q u en tly  com e 
in  co n tac t w ith  the  n e x t p a tien t in  w h o m  the inst.ru- 
m e n t is u sed . T hese ch em ica ls  w ill cause a self-lim ited  
co litis  w ith  p a tie n ts  e x p e rien c in g  p o stp ro ced u ra l 
c ra m p in g , ten esm u s, an d  b le ed in g  p e r  rec tu m . T her- 
apy  is su p p o rtiv e , b ư t p ree m p tiv e  avo idance via 
p ro p e r  en d o sco p ic  c lean in g  an d  r in s in g  teehn iques 
is m o st im p o rta n t.



Vasovagal Reaction

It is no t u n c o m m o n  for anal s tim u la tio n  w ith  the  
endoscope a n d /o r  c o lo n ic  d is te n s io n  w ith  a ir  to  trígger a 
vasovagal reac tio n . T he e n d o sc o p is t sh o u ld  be aw are  of 
th is  and  realize th a t a ir su c tio n  a n d  scope w ith d raw a l 
can co rrec t the  c o n d itio n . Som e c o n v e rsa tio n  b e tw een  
the  en d o sco p ist an d  th e  p a tie n t d u r in g  the  p ro ce d u re  
allow s the la tte r  to  re p o rt suggestive  sym ptom s.

Other Risks

T here are o th e r  p o te n tia l c o m p lic a tio n s  o f sigm o id - 
oscopy, such  as p o stp o ly p ec to m y  sy n d ro m e, p n eu m at-  
osis coli, ischem ic co lilis , e lec tro lv te  a b n o rm a litie s , an d  
“m in i-p e rfo ra tio n .” T h ese  are ra re  w ith  s igm o idoscopy . 
S im ìlarly, r isk s  asso c ia ted  w ith  c o n sc io u s  se d a tio n  w ill 
n o t be d iscussed  here .

C O N T R A IN D IC A TIO N S  

Absolute Contraindications 

Suspected Severe or Toxỉc Cơlitis, 
Including Acute Diverticulitis

W h en  the  b o w el w ạll is severe ly  in ílam m ed  it m ay 
becom e th in  an d  p a rtic u la rly  su sc ep tib le  to p e río ra tio n . 
S igm oidoscopy s h o u ld  n o t be p e r íb rm e d  in  th is  se tting , 
un less ũ  is a b so lu te ly  n ecessa ry  for d iag n o sis  an d  m an- 
agem ent. In th a t c irc u m sta n c e , it  sh o u ỉd  be p e rfo rm ed  
only  by an  ex p e rie n c e d  e n d o sco p is t, w ith  care tak en  to  
avo id  ad v an c in g  ihe  s ig m o id o sco p e  b e y o n d  the level o f 
ỉn ílam m ed  m ucosa. If th e re  is c lin ica l o r  rad io lo g ica l 
evidence of to x ic  m eg aco lo n , s ig m o id o sco p y  s h o u ld  n o t 
be  perío rm ed .

Suspected PerỊoratỉon

A sm all tea r in  the  bow el w ill su re ly  en larg e  w ith  a ir 
in su ííla tio n , p o te n tia lly  le ad in g  to  m o re  leakage of 
bow el c o n ten ts  in to  the  p e rito n e a l cavity . Som e p a tien ts  
w ith  sm all p e rfo ra tio n s  m ay  be ab le to  avo id  su rg e ry  if 
thev “se lf-se a r  w ith  o v erly in g  o m e n tu m , a p rocess  like ly  
to be d is ru p te d  w ith  ad d e d  bow el d is ten s io n . S im ilarlỵ , 
the  p a tien t w ho  w ill n ee d  an o p e ra tio n  anyw ay  w ill 
likely  need  a le n g th ie r  su rg e ry  a fte r en d o sco p y  crea tes 
a larger h o le  w ith  m o re  sp illage.

Suspected Boweỉ Obstruction

In an o b s tru c tio n , the  d ila te d  bo w el has in c re ase d  
w all tension . T he in ev itab le  in su ffla tio n  th a t o cc u rs  d u r-  
ing  endoscopy  m ay  lead  to  h y p e rb a ric  trau m a  w ith  p e r- 
ío ra tio n  and  p e rito n e a l so ilage . Bow el o b s tru c tio n  
sh o u ld  be v iew ed  as a su rg ica l em erg en cv  an d  nev e r 
as an en d o sco p ic  q u e s tio n  aw a itin g  an  answ er. T hat

b e in g  sa id , th e re  are tim.es w hen  a k n o w n  sigm oid vol- 
v u lu s m ay be am enab le  to endoscop ic  re d u c tio n  (usu- 
ally a fte r gastrograffin  enem a has ía iled  to do so) or 
p e rs is te n t p se u d o -o b stru c tio n  m ay b en e íìt from  endo- 
sco p ic  p la ce m en t of a deco m p ress io n  tube. These are 
p ro c e d u re s  w ith  signiEcant risk s ío r p e río ra tio n , gen- 
era lly  p e río rm e d  to p ostpone  surg ical in te rv en tio n . 
S uch  p ro c e d u re s  sh o u ld  be p e río rm e d  only  by the 
m ost e x p e rien c ed  th e rap eu tic  en d o sco p ist and  w ith  
su rg ica l b ack u p .

A gita ted  Patient

ĩf  a p a tie n t is overly anx ious, is be llige rea t, or 
othervvise ca n n o t lie still for an  ex am in a tio n , the risk  
of tra u m a tic  in ju ry  ou tw eighs the b en e íh s  of the 
p ro c e d u re .

Relative Contraindications 

Acute ỉỉỉness

S igm o id o sco p y  is ưsually an  elective p ro ced u re  and , 
as su c h , sh o u ld  aw ait a p a t ie n ts  recovery  to reasonab le  
h e a lth . E ven  in  sk ílled  hands , s igm oidoscopy  can be 
so m e w h a t u n co m fo rtab le  an d  its  risks, a lth o u g h  usually  
neg lig ib le , w ill rise in  the p a tien t w ho  is a lready  uncom - 
ío rtab le  o r in  any way p ro n e  to hem odynam ic 
in stab ility .

Coagulopathy

T h e r isk  o f b leed in g  w ith  sigm oidoscop ic  exam ina- 
tio n  is q u ite  low  an d  an  ex am in a tio n  usually  can be 
p e r ío rm e d  saíely  in  the an tico ag u la ted  pa tien t, a lth o u g h  
b iopsies m ig h t w ell be avo ided  in  such  subjects.

Coỉonoscopy Is PreỊerabỉe Test

A p a tie n t  vvho oug h t to have co lonoscopy  ío rre aso n s  
of sy m p to m s, co lo recta l cancer sc reen ing , o r surveil- 
lan ce  sh o u ld  n o t  u n d erg o  s igm oidoscopy  as it woul.d 
n o t o b v ia te  th e  need  for com plete  co lo n ic  evaluation .

Recent Bowel Surgery

W ith in  5 to  7 days after bow el su rgery , hyperbaric  
trau m a, su c h  as th a t resu ltin g  from  en d o sco p ic  insuf- 
flation , s h o u ld  be avoided to reduce risk  of anastom otic  
b rea k d o w n .

Recent Myocardial ìnỊarction

W ith in  3 w eeks of acu te m yocard ia l in ía rc tio n , all 
en d o sco p y  sh o u ld  be lim ited  to em ergen t cases. M ost of 
the r isk  re la tes  to ad m in is tra tio n  of consc ious sedation  
an d  its  p o te n tia l hem o d y n am ic  consequences. Yet, even 
w ith o u t se d a tio n , s igm oidoscopy  can cause tachycard ia 
or vagal rea c tio n , w h ich  cou ld  inc ite  ischem ia in  the



recen tly  in ju red  m yocard ium . If endoscopy  m u st be 
perío rm ed , insu ííla tion  sh o u ld  be m in im ized  an d  elec- 
tro card iog raph ic  m o n ito rin g  is advisable.

Pregnancy

Studies have show n  th a t sigm oidoscopy  is safe d u r- 
ing each tr im ester of pregnancy . That being  sa id , th e re  is 
a theo re tica l risk  of p lacen ta l ab rup tion , so p u re ly  elec- 
tive p ro ced u res , as to w ork  u p  m ino r b leed ing  o r  a ltered  
bow el habíts, m igh t b es t be postponed  u n til po stp ar- 
tum . H ow ever, m ore p ressing  issues, su ch  as ongo ing  
rectal b leed ing  o r colitis o f un certa in  cause may be safely 
p u rsu ed  endoscopically , w ith o u t dela-y.

SIGM OIDOSCOPISTS

The n u m b e r o f sigm oidoscopies p e río rm ed  h as in- 
creased w ith  the w iden ing  apprecia tion  o f  co lo n  cancer 
screening. And even so , a nationw ide 1997 survey 
revealed  tha t on ly  30%  of po ten tia l can d id a tes  in  the 
U nited  States w ere hav ing  screen ing  ílexible sigm oid- 
oscopies. A lthough sc reen in g  co lonoscopy has becom e 
accep ted  by m ost th ird -p arty  payers, the n u m b e r of 
sk illed  co lonoscop ists, m ostly  trained  g as tro en te ro lo - 
gists, is insuffìcient to  m eet the needs of the  popu lace . 
T herefore, s igm oidoscopy w ill con tinue to  play a ro le  in 
screen ing  u n til a less invasive, inexpensive, co lo recta l 
cancer sc reen ing  test rep laces it. Until th a t test is found  
and  accepted , sigm oidoscopy  needs to be p e río rm e d  by 
a w ide cadre of p ro íessionals. S tudies have d em o n - 
s tra ted  tha t in te rn is ts , general p rac titio n ers , p hysic ian  
assistants, and  nu rse  p rac titioners can p ro p e rly  p e río rm  
the test. In o rd er to allow  m ore patien ts  to  b e n e íìt from  
co lorectal cancer sc reen ing , ílexible sig m o id o sco p y

tra in in g  p ro g ram s fo r n o n g as tro en te ro lo g is t h ea lth  
care p ro v id e rs  sh o u ld  be p ro m o ted .

See Also the Following Articles

C o lo n o sco p y  •  C olorectal A denocarcinom a •  C olorectal
A den om as •  C olorecta l C ancer Screening •  E ndoscopy,
C o m p lica tio n s o f  •  Lower G astro in testin a l B leed ing  and
Severe H em atochezia  •  V irtual C o lo n o sco p y
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Sinusoidal Obstruction Syndrome 
(Hepatic Venoocclusive Disease)
L a u r ie  D eL eve

ưniversity of Southern Caìi/omia

conditioning regimen Procedures períbrmed in preparation 
for stem cell transplantation, which consists of high-dose 
chemotherapy with or w ithout total body irracliation. 

hematopoietic stem cell transplantation A procedure 
íb rm erly  k n o w n  as b o n e  m a rro w  tra n sp la n ta ũ o n .  

pyrroliz id in e a lk a lo id s Plant-derived alkaloids Lhat m ay  
cause sinusoidal obstruction syndrome. 

sinusoidaỉ obstruction syndrome A n o n th r o m b o tic  o b stru c -  
tion of the hepatic circulation with subsequent centri- 
lobular sinusoidal íìbrosis and, often, fibrotic 
oblileration of hepatic venules. Formerly known as 
hepatic venooccỉusive disease.

S inusoidal obstruction  syndrom e (SO S) is  a d isease  o f  the 
hepatic cừ culation  that lead s to parenchym al d ysíunc- 
tion. SOS is caused  by expo su re  to plant toxins or to 
drugs w ith  or w ithout concurrent total body irradỉation. 
In N orth A m erica and W estern Europe, SO S occurs 
m ainly due to the preparative condition ing regim en for 
stem  cell transplantation . A lthough 70 to 8 5%  o f patients 
w ith  SOS survive , severe SO S is alm ost u n iíorm ly íatal. 
There is currently no speciíìc  therapy for SO S w ith  good 
efficacy.

ETIOLOGY

T he earlies t case re p o r ts  o f s in u so id a l o b s tru c tio n  
sy n d ro m e (SOS) in  h u m a n s  w ere o f in d iv id u a ls  in  
S ou th  A frica w h o  in g ested  teas co n ta in in g  
p y rro liz id in e  a lk a lo id s , so -ca lled  “b u sh  tea d isease .” 
Bras et. aỉ. in  Ja m a ica  co in ed  th e  n am e h ep a tic  
venoocclusive  d isease  in  re sp o n se  to  the  m o st p ro m - 
in en t h isto log ic  fea tu re , n o ta b ly  the  n a rro w in g  or 
o b lite ra tio n  o f in tra h e p a tic  venu les. In  m any  n o n - 
W este rn  n a tio n s , in g e s tio n  o f  teas o r  o f  food  so u rce s  
c o n tam in a te d  by  p y rro liz id in e  a lk a lo id s  m ay  still be 
the m ost co m m o n  cause o f th e  d isease (see T able I). 
H ow ever, in  N o rth  A m erica an d  E u ro p e , the  m ost 
co m m o n  cause is h ig h -d o se  m y e lo ab la tiv e  c h e m o th e r-  
ap eu tic  reg im ens, a lo n e  o r  in  c o n ju n c tio n  w ith  to ta l 
boclv irra d ia tio n , u sed  in  p re p a ra tio n  for h em ato p o i-  
etic stem  cell tra n sp la n ta tio n . SOS is also  seen  in  rena l 
and  liver tra n sp la n t p a tie n ts  a n d  th is  is a ttr ib u te d  to

lo n g -te rm  az a th io p rin e  therapy . C h em o th erap eu tic  
agen ts th a t are  associa ted  w ith  SOS a t conven tiona l 
doses in c lu d e  g em tu zu m ab  ozogam icin , ac tinom ycin  
D, d ac a rb az in e , 6 -th io g u an in e , cy tosine arab inoside , 
m ith ra m y c in , a n d  u re th an e . G iven the increased  use 
o f h e rb a l rem e d ies , sp o rad ic  cases o f SOS m ay be seen 
d u e  to  teas th a t co n ta in  p y rro liz id in e  a lkalo ids, no tab ly  
teas from C rotaỉaria , Senecio , H eliotropium , Com Ịrey, 
Gordoỉobo yerb a , ỉíex, an d  M ate. H epatic  irrad ia tio n  
in  excess of 30  to  35 Gy in  adu lts  causes rad ia tion - 
in d u c ed  liv e r d isease , a liver d isease th a t shares som e 
o f the  fea tu res  o f SOS.

In  o th e r  in tr in s ic  ỉiver diseases, Progressive paren- 
chym al d y sfu n c tio n  m ay even tua lly  cause porta l hyper- 
tension . S in u so id a l o b s tru c tio n  syn d ro m e cỉiíĩers in  that

TABLE I C auses of S inusoidal O bstruction  Syndrom e

C h em oth erap y
M yeloab ỉative reg im en s (stem  cell transplantation) 

C y clo p h o sp h a m id e—total body  irradiation  
B u su lĩa n —cyclop h osp h am id e  
B C N U —c y c lo p h o sp h a m id e—etop osid etì 
C arb op latin —cy c lo p h o sp h a m id e -B C N U  
B u su lía n —m elphalan  

C o n ven tion a l d o se  chem otherapy  
G em tu zu m ab  o zo gam icịn  
A ctin o m y cin  D 
D acarbazine  
C ytosin e arab inoside
6-T h iogu an in e  
C arm ustine  
L om u stin e  
U rethane  
In d ic in e  N -o x id e  

P yrro liz id in e  a lk a lo id s  
Crotalaria
Senecio (Adenostyles)
H eỉio trop ium  
Com  fre y  
G ordolobo yerb a  
ỉỉex  
M ate

A zath ioprine im rau nosu p pression

0 BCNU, carmustlne.



it is a d isease o f th e  h ep a tic  c irc u la tio n  th a t m ay  cause 
p a ren ch y m al d y síu n c tio n . T he c ircu la to ry  im p a irm en t 
is a n o n th ro m b o tic  o b s tru c tio n  a t the level o f th e  s in u - 
so id s a n d  in v o lv em en t o f Central veins an d  v enu les is 
m o re  co m m o n  w ith  m ore  severe d isease. T he change in 
nam e from  h ep a tic  ven o o cclu siv e  disease to s inuso idal 
o b s tru c tio n  sy n d ro m e is based  o n  th e  reco g n itio n  th a t 
the d isease is in itia ted  in  the h ep a tic  s inuso id s an d  th a t 
th e  clin ical signs an d  sy m p to m s can  o cc u r w ith o u t 
in v o lv em en t of the h ep a tic  venu les.

CLINICAL FEATURES OF SOS AFTER  
STEM CELL TRAN SPLA NTATIO N

It w o u ìd  be too cu m b erso m e to try  to d escribe SOS in  the 
d iffe ren t se ttings. The re s t o f th is  article  w ill ih e re ío re  
focus on  SOS in p a tien ts  tre a te d  w ith  m yeloab lative 
e h e m o th e ra p eu tic  reg im ens. It sh o u ld  be n o te d  tha t 
SOS due to lo n g -te rm  in g es tio n  o f p y rro liz id in e  alka- 
lo id s h as  a m ore  ch ro n ic  co u rse  th a n  th a t d ue to tox ic ity  
from  sh o rt- te rm  ex p o su re  to ch em o th erap y .

Incidence

T he re p o r te d  in c id en ce  o f SOS varies from  0 to 50% 
in  p a tien ts  u n d e rg o in g  sien i cell tran sp lan ta tio n  for 
m alignancies. T h is w ide range is largely  d u e  to 
d iffe rences in  co n d ilio n in g  reg im ens, i.e., ch em o th e ra - 
p eu tic  reg im ens u sed  p r io r  to s tem  cell tran sp lan ta tio n . 
O th e r  im p o rta n t variab les re la te  to p a tien t se lec tion  
crite ria : the r isk  o f SOS is in c reased  in  p a tien ts  u n d e r-  
go in g  a seco n d  tran sp lan t, in  p a tie n ts  w ith  m alignancy  
n o t in  rem ission , in  p a tie n ts  w ith  ch ro n ic  h ep a titis  c or 
íìb ro tic  liver d isease , o r  in  p a tie n ts  w ith  low er p erĩo r- 
m ance  s ta tu s. T here  has b een  a dec line  in  recen t years in 
the  in c id en ce  of SOS w ith  the ap p lica tio n  o f s tra teg ies to 
red u c e  the risk  o f  th is  synd rom e.

Diagnosis

T he h a llm a rk  ĩea tu res  o f  SOS are te n d e r  hepa to - 
m egaly , w e ig h t gain d u e  to ílụ id  re te n tio n , an d  
h y p e rb iliru b in em ia . T he d iagnosis  is u su a lly  m ade 
bascd  o n  p u b lish ed  c lin ical c r ite r ia  (T able II). T he 
d iffe ren tia l d iagnosis  in c lu d es  (h y p er)a cu te  graft-

v ersu s-h o st d isease , cho lestasis  associatecl w ith  sepsis 
o r  cy c lo sp o rin e  the rapy , hem olysis, congestive h eart 
ía ilu re , a n d  d ec o m p e n sa te d  ch ro n ic  viral hepatitis. 
C o m b in a tio n s  o f  illnesses th a t o cc u r p o sttran sp ỉan ta - 
tio n  m ay be p a rticu la rly  d ifficu lt to d is tin g u ish  from  
SOS, e.g., sepsis co m p lica ted  by cho lestasis  and  renal 
insufficiency.

ư lt ra s o u n d  m ay d em o n stra te  fea tu res consisten t 
w ith  SOS an d  m ay ex c lu d e  o th e r  causes, b u t can n o t 
es tab lish  th e  d iagnosis . T hus, u ltra so u n d  m ay dem on- 
s tra te  h ep a tom egaly , ascites, lack  o f b iliary  d ila tion , and 
ab sen ce  o f tu m o r in v asio n  in  th e  p aren ch y m a or the 
h ep a tic  v ascu la tu re . E arìy  in  SOS th e re  m ay be a ltenu - 
a tio n  o f h ep a tic  v en o u s flow an d  ỉa te r in th e  d isease there 
m ay be reversa l of p o rta l flow, b u t p rospec tive  stud ies of 
these  ĩe a tu res  d id  n o t show  th em  to be d iagnostic .

T he m o st usefi.il ad d itio n a l d iag n o stic  tool is trans- 
v en o u s liver b iopsy , w h ich  w ill b o th  p rov ide biopsy 
m a teria l an d  allow  ĩĩiea su rem en t o f the hepa tic  venous 
p ressu re  g rad ien t. T h ro m b o cy to p e n ia  due to the con- 
d itio n in g  th e ra p y  w ill re s tr ic t th e  u se  o f  p e rcu tan eo u s 
liver b iopsy , b u t the tran sv e n o u s  ap p ro a c h  can be saíely 
p e r ío rm e d  w ith  p la te le t co u n ts  as low  as 3 0 ,0 0 0 /m m 5. 
A h ep a tic  v en o u s  p ressu re  g rad ie n t o f  g rea ter than  
10 m m  Hg is h igh ly  speciíic  for SOS in  stem  cell trans- 
p la n ta tio n  pa tien ts .

Prognosis

It is like ly  th a t all o r  m o st p a tie n ts  w ho undergo  
m yeloab la tive  stem  ce ll tra n sp la n ta tio n  su sta in  som e 
deg ree  o f  liv e r dam age. By d e íìn itio n , pa tien ts  w ith 
m ild  SOS reco v er w ith o u t the rapv . M oderate SOS 
m ay re q u ire  d iu re tic s  o r  p a in  m e d ica tio n  and  the ma- 
jo r i ty  o f p a tien ts  surv ive, w h ereas  severe SOS is alm ost 
u n iv e rsa lly  fatal. P a tien ts  w ith  severe SOS m ost com - 
m o n ly  die from  m u ltio rg an  ĩa ilu re , i.e ., renal and  car- 
d io p u lm o n a ry  ía ilu re . D eath  u su a lly  o ccu rs  30  to 60 
days after c o n d itio n in g  th e rap y , a lth o u g h  the ou tcom e 
is o ften  ev id en t by  day 20.

P u b lish e d  case ía ta lity  ra tes  for SOS varv w idely. 
Based o n  R ndings from  several large s tu d ies , the case 
fata lity  rate  for SOS after cy c lo p h o sp h am ìd e -co n ta in in g  
reg im en s  seem s to  be a p p ro x im a te ly  30% , b u t may be 
ap p ro x im a te ly  15% for SOS cau sed  by o th e r  alkylating

TABLE II C lin ica l D ia g n o s t ic  C r iter ia  for SO S in  S te m  C e ll T r a n sp la n ta tio n  P a tien ts  

Seattle criteria Baltimore eriteria

At least 2 o f  3 íìn d in gs w ith in  20  days o f  stem  cell transpiantation: E levated  bilirubin ( > 2 m g /d l )  p ỉus 2 o f  3 clin ical íìndings:
Bilirubin >  2 rag/dl T ender hepatom egaly
H epatom egaly or right upper quađrant pain > 5 %  w eigh t gain
>  2% vveight gain due to íluid reten tion  A scites



agen ts. T herc  are  p u b lỉsh e d  g rap h s  th a t can  h e lp  p re d ic t 
ih e  ou tcom e for SOS d u e  to cy c lo p h o sp h a m id e -c o n ta in -  
in g  regim ens. A lan ine am in o tran sfe ra se  levels g rea te r 
th a n  7 5 0 U /lite r  are assoc ia ted  w ith  a p o o r p rognosis. 
O th e r  p red ic to rs  o í  p o o r o u tco m e in c lu d e  h ig h e r he- 
pa tic  venous p re ssu re  g rad ien t, p o rta l vein th ro m b o sis , 
d o u b lin g  of base line  se ru m  cre a tin in e , an d  d ec lin in g  
oxygen  sa tu ra tio n .

PREVENTIO N OF SOS

As w ith  anv form  o f  c lrug-induced  liver d isease , the bes t 
ap p ro a c h  to p rim a ry  p rev e n tio n  is to avo id  th e  th e rap y  in  
th o sc  at h ighest risk . T hose at h ig h est risk  in c lu d e  pa- 
tie n ts  w ith  h ep a tìtis  c, ex tensive  h ep a tic  Rbrosis, o r  cir- 
rh o sis , in d iv id u a ls  w ho  have p rev io u sly  received  
m yeloab lative rcg im ens, p a tien ts  w ith  m alignancy  
n o t in rem ission , an d  p a tỉen ts  w ith  a p rev io u s  ep isodc
ôrsos.

T here  are several s lra teg ie s  th a t m ay red u ce  the  risk  
of SOS. N onm yeloab la tive  reg im ens th a t do n o t co n ta in  
h ep a to to x ic  d ru g s  are One possib ility . M yeloablative 
reg im en s  m ay be m od ified  to  red u c e  risk . T he value 
of th e rap eu tic  m o n ito rin g  w ith  dosage a d ju s tm e n t o f 
b u su lían  is co n tro v e rs ia l, g iven the in c o n s is te n t o u t-  
com e of several s tu d ies . A d m in is tra tio n  o f cyc lophos- 
p h am id e  befo re b u su lfan  m ay be p ro tec tive . D ecreased  
doses o f  totaỉ b o d y  ir ra d ia tio n  are  associa ted  w ith  a 
low er in c id en ce  o f SOS. It is c o n tro v e rs ia l w h e th e r  m od- 
iíìca tion  o f the ra d ia tio n  te ch n iq u e  red u c es  th e  risk . T he 
so u rce  o f ir ra d ia tio n  m ay be im p o rta n t, since  coba lt 
sou rces an d  lin ea r acce le ra to r differ in  th e  dose rate . 
A voidance of c y c lo p h o sp h a m id e -c o n ta in in g  reg im ens 
in  p a tien ts  a t risk  for SOS is a n o th e r  possib le ap p ro ach . 
A lthough  som e o f  th e  ap p ro a ch es  lis ted  above m ay re- 
d u ce  the risk  of SOS, th is  n eed s to  be w eighed  aga inst the 
p o ten tia l for in c reased  risk  o f g raft-v ersu s-h o st-d isease , 
p o o r en g ra ítm e n t, o r  u n su c ce ss íu l trea tm e n t o f the 
u n d e rly in g  m alignancy .

H ep a rin  in íu s io n  o r  lo w -m o lecu la r-w eig h t h e p a r in  
is u sed  ro u tin e ly  in  m any  cen te rs , bu t th e re  are  no  ran - 
d o m ized  s tu d ie s  th a t clem onstra te  th a t th is  successfu lly  
p reven ts  fatalities fro m  SOS. U ro d eo x y ch o lic  acid , p ro s- 
tag land in  E l,  an d  p en to x ify llin e  have also b een  tried , 
b u t the p re p o n d e ra n c e  o f eviden.ee d o es n o t su p p o r t the 
efficacy o f  p rev e n tio n  by these  d rugs.

M ANAG EM ENT OF SOS 

Supportive Care

T here  is c u r re n tly  n o  speciíìc  an d  sa tis íac to ry  th e r-  
apy for SOS. C o n v en tio n a l su p p o rtiv e  care is u sed  to

rnanage fluid a n d  e lec tro ỉy te  balance and ascites. 
Renal and  p u lm o n a ry  ía ilu re  m ay necessita te  hem o d i- 
alysis an d  m echan ica l v en tila tio n , b u t  o u tc o m e w ill 
m ore  likely  re ílec t the severity  o f th e  u n d erly in g  
liver d isease.

Pharmacologic Therapy

T he c o m b in a tio n  o f tissu e  p la sm in o g en  ac tiva to r 
an d  h ep a rin  is bene íìc ia l in  ap p ro x im ate ly  30%  of 
p a tie n ts  w ith  severe SOS. H ow ever, in  the la rgest series 
to  da te , p a tie n ts  w ith  ren a l an d  p u lm o n a ry  ía ilu re  d id  
n o t beneíìt. P a tien ts  at r isk  for in tra ce re b ra l o r  p u lm o - 
n a ry  h em o rrh ag e  sh o u ld  be ex c lu d ed  from  co n sid er- 
a tio n  for th is  ap p ro ach .

D efib ro tide  is an  e x p e rim en ta l clrug th a i has 
sh o w n  p ro m ise  in  u n c o n tro lle d  trials. V arious o th e r 
p h arm aco lo g ic  a p p ro a c h e s  have b een  d esc rib ed  in 
case rep o rts , b u t  have n o i b een  co n íìrm ed  in clin ical 
trials.

Transịugular Intrahepatic Portosystemic Shunt

T ra n sju g u la r  in tra h e p a tic  p o rto sy s tem ic  sh u n t 
(T1PS) has b een  u sed  in  these  p a tie n ts  w ilh  im prove- 
m e n t in  ascites. H ow ever, o u tc o m e  oí SOS is d ep e n d e n t 
o n  the  u n d e r ly in g  liver d isease , w h ich  is n o t a lte red  by 
T1PS p lacem en t.

Liver Transplantation

Liver tra n sp la n ta tio n  is n o t u su a lly  a co n s id e ra tio n  
for p a tien ts  w h o  u n d e rg o  s te m  cell tran sp la n ta tio n  for 
m alỉgnancy . SOS is ra re  in  p a tien ts  w ho  u n d e rg o  trans- 
p la n ta t io n  for n o n m a lig n a n t in d ic a tio n s , b u t liver trans- 
p la n ta tio n  for SOS sh o u ld  ce rta in ly  be co n s id ered  in  
p a tie n ts  w ith  a íavorab le  p ro g n o sis  for th e ir  u n d erly in g  
d isease.

See Also the Following Articles

C irrh osis •  H epatic C ircu la tion  •  H ep atitis c •  Liver Trans- 
plan tation
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Sjỏgrens Syndrome
S t a n l e y  R. P i l l e m e r

National Institute o j Denlal and Cranio/acial Research, Ncilional ỉnstitutes o f Health

autoantibodies A n tib o d ies  d ir e c le d  again st a n orm al ce llu la r  
component.

cevimeline C h o lin erg ic  d ru g  lh at s t im u la te s  se c r c t io n  o f  
m o st e x o c r in e  g la n d s, in c lu d in g  lacrim al an d  salivary  
g lan d s.

keratoconjunctivitis sicca Dry cye and a sso c ia te d  sy m p to m s  
d u e  to  the a b se n c e  o f  the a q u e o u s  c o m p o n e n t  o f  tears. 

la cr im a l g la n d s T h e g la n d s p r o d u đ n g  tear ílu id s  that b a th e  
the su ríace  o f  the eye  (co rn ea ). 

pilocarpine Cholinergic drug that stimulates secretion of 
m o st  e x o c r in e  g la n d s, in c lu d in g  lacrim al an d  salivary  
g lan d s.

rheumatoid íactor An a u to a n tib o d y  directed against im m urte  
g ỉo b u lin  tha i is  p resen t in  r h eu m a lo id  arthritis.

T cells Thymus-derived lyniphocytes.
xerostomia Dry mouth due to the absence of salivary 

secretions.

Sjỏgrens syndrom e (SS) is a debilita ting , system ic, auto- 
im m une d iso rder w ith p rom inen t exocrinopathy  th a t has 
been described as an  “ep ithe litis .” s s  m ay be categorized 
as prim ary or secondary. In secondary  s s ,  the d iso rder 
coexists w ith o ther au to im m une diseases, such as rheu- 
m ato id  arth ritis , system ic lupus erythem atosus, sclero- 
derm a, polym yositis, and po lyarteritis nodosa. Salivary 
and lacrim al gland involvem ent is typical o f s s  and  is 
associated  w ith  decreased p roduction  of saliva and 
tears. O ther ep ilhelial com ponents o f the body are com- 
m only involved, including the skin, as well as the urogen- 
ital, resp ira to iy , and gastro in testinal tracts. System ic 
au to im m une m aniíestations include synovitis, neuro- 
pathy, vasculitis, and au toan tibod ies, particu larly  anti-

nuclea r an tibod ies, anti-SSA, and anti-SSB, as w ell as 
rheum ato id  íaclor. Im m unoglobu lin  levels are frequently  
eievated. ss is associa ted  w ith  an increased risk  o f lym- 
phom a, especially  m ucosal-associated  lym phoid  tissue 
lym phom as of B-cell lineage.

EPIDEM IOLOGY A N D  
CLASSIFIC A TIO N  CRITERIA

P rim ary  S jỏgrens sy n d ro m e  (SS) affects 0.3 to 4.8%  of 
the  p o p u la tio n  a n d  ap p e a rs  to increase in  íreq u en cy  
w ith  age. T he p h y sic ian -d iag n o sed  inc idence is 4 per 
100 ,000  p o p u la tio n  p e r  year. F em ales o u tn u m b e r  m ales 
by 9 : 1. A lthough  th e  p eak  in c id en ce  occurs in  m id liíe , 
ss m ay o c c u r  at an y  age. O nse t is o íten  in s id io u s  and  
d ia g n o sis  m ay be delayed  for years.

V arious classiR cation  crite ria  have been  p ro p o sed  
for ss. These c rite ria  have generally  in c lu d ed  k era to - 
co n ju n c tiv itis  sieca, x ero sto m ia , an d  au to an tib o d ies . 
A m erican  E u ro p e an  C o n sen su s  c riteria  are cu rren tly  
the  m o st w idely  accep ted . T he recen tly  rev ised  criteria  
are sh o w n  in Table I. T he ru les for app ly ing  the c riteria  
are sh o w n  in  T able II.

PATH O G ENESIS

T he p a th o g en esis  o f ss rem ains u n k n o w n . V iruses that 
can  cau se  d isease in  sa livary  g lands, su ch  as cv tom eg- 
a lo v iru s , h ep a tit is  c, an d  the re tro v iru ses  h u m an  T-cell 
ly m p h o tro p ic  v iru s-1  an d  h u m a n  im m u n o d eíic ien cy



TABLE 1 Revised A m erican—E uropean  C lassiíìcation  C riteria  for S jỏgren’s Syndrom e

I. O cular sym ptom s: A p ositive resp onse  to o n e  or m ore the q u estion s below:
1. Have you  had d a ily , persistent, trou blesom e clry eyes for m ore than 3 m onths?
2. Do you  have a recurrent sensa tion  o f  sand or gravel in the eyes?
3. Do you  use teạr su b stitu ies  m ore than 3 tim es a day?

II. Oral sym ptom s: A p ositive  resp onsc  to one or m ore o f the q u estion s below:
1. Have you  had a daily  fee lin g  o f  dry m outh  for m ore than 3 m onths?
2. Have you had recurrently or p ersisten tlv  svvollen salivary glands as an adult?
3. Do you ĩrequently drink liq u id s to aid in sw a llo w in g  clry food?

III. O cular signs: O bjective ev id en ce o f  eye in vo lvem cnt deíìn ed  as a p ositive  result íor on e or both o f  the tw o tests belovv:
1. Positive Schirm er’s I test, p eríorm ed  w ith o u t an eslh esia  ( < 5 m m  w ettin g  in 5 m in)
2. Positive Rose Bengal or o ther ocu lar dve sta in in g  w ith  Van Bijsterveld score >  4.

IV. H islop ath ology: In m inor salivary g lan d s (obta in cd  through norm al-appearing m ưcosa) íocal lym ph ocytic  siă loaden itis, evaluated  by 
an expert h istop ath o log ist, w ith  a ío cu s  score >  1 , d eíined  as a num ber ol lym ph ocytic  foci that are adjacent to norm al-appearing  
m u cou s acini and con ia in  m ore than 50  lym p h o cy tes per 4 ram o f  g landular tissue.

V. Salivary gland in volvem ent: O b ịective ev id en ce o f  in vo lvem ent indicated  by a p ositive result for at on e or m ore o f  the d iagnostic  
tests below:
1. U nstim ulated  w h o le  salivary flo\v ( <  1.5 m ỉ in  15 m in)
2. Parotid sialography shovving the presen ce  o f  d iffuse sia lectasias (pu n cia te , cavitary, or destrúctive pattern), w ithou t ev id en ce of
obstruction  in the m ajor ducts.

3. Salivary sc in iigraphy sh o w in g  d elayed  uptake, reduced  con cen tration , ancl/or clelayed excretion  o f tracer.
VI. A utoaniib od ies: P resence in the seru m  o f  the fo llow in g  auioantibodies:

1. A ntibodies to Ro(SSA ) or La(SSB) an tigens, or both.

v iru s  type 1, have b e e n  co n s id ered  as possib le  triggers 
for s s .  H ow ever, no cau sa tiv e  o rg an ism  has b een  found.

H orm onal fac to rs , su ch  as re la tive ly  low  lcvels of 
and ro g en s, may ex p la in  the p re p o n d e ra n c e  o f íem aỉes 
w ith  ss. Also, h y p o fu n c tio n  o f th e  h y p o th a la m ic — 
p itu ita ry —adrenal ax is  has been  d esc rib ed  in ss.

G enetic  factors m ay aìso  have a ro le  in  ss. An in- 
creased  prevalence o f  ss an d  au to a n tib o d ie s , parti- 
cu larly  anti-Ro/SSA, o cc u rs  in  fam ily  m em b ers , and  
HLA-DR3, HLA-DQ.2, an d  o th e r  gen e tỉc  rn ark ers  are 
associa ied  vvith ss.

Focaỉ m o n o n u c lea r  cell in f iltra tio n  of ex o c rin e  tis- 
sues a n d  the  p resence  o f au to a n tib o d ie s , espec ia lỉy  an ti- 
Ro/SSA, anti-La/SSB, an d  rh e u m a to id  factor, are  key 
ĩea tu res  o f ss. T he p e r id u c ta l inR ltra te  in  the salivary

and  tear g lands consis ts  m ain ly  of T cells w ith  few er B 
cells, m acrophages, an d  m ast cells. M ost o f the T cells 
are C D 4 1 h e lp er cells vvith the m em o ry  p h en o ty p e  
CD 45R O  1 an d  ap p ear to be  resis tan t to ap o p to sis  de- 
sp ite  inc reased  exp ression  o f Fas. A pop tosis  m ay be 
b locked  by the su p p resso r p ro to -o n co g en e  Bcl-2, allow - 
ing  au to reac tive  cells to p e rs is t in  the exocrine  tissues.

Salivary an d  lacrim al g land  ep ithelia l cells in  ss 
sh ọ w  increased  HLA-DR a n tig en  exp ressio n , w h ich  al- 
low s these cells to p re se n t an tigens, in c lu d in g  
au to an tig en s, to the CD4 T cells. C ellu lar in te rac tio n s  
can resu ll in  the  p ro d u c tio n  of cy tok ines. Pro- 
in ílam m ato ry  cy to k in es in te r le u k in - lp  (ĨL-1Ị3), 1L-6, 
and  tu m o r necro sis  íac to r a  tend  to be p ro d u ce d  by 
ep ithe lia l cells, w hereas IL-10 an d  interferon-Ỵ

TABLE II Revised C lassification  Rules

Primary ss
In the absence o f any p oten tia lly  a ssocia ted  d isease , prim ary s s  m ay be d eíìn ed  as follow s:

1. Presence o f  any 4  out o Ị  th e  6 items is  in d icative o f prim ary ss, as lo n g  as either item  4 (h istop ath o logy) or 6 (sero logy) is 
positive.

2. The presence oi a n y  3 o f  the  4  o b ịec tive  c r íte r ia  iterns (i.e ., item s III, IV, V, VI in Table l) .
3 . A classiíication  tree proced u re m ay be use.d as a valid alternative m eth od  for classiíication .

Seconảary s s
For patients vvho have a p otentia lly  associated  d isease (e .g ., another w ell-cìefm ed con n ective  tissue d isea se), the presence o f item  I  or

item  ỊỊ p lu s a n y  ívvo Ị r o m  a m o n g  ite m s  III, IV , a n d  V  from Table I may be considered  as ind icative o f  secondary s s .
E x c lu sio n s

H istory o f  heađ and n eck  irradiation, p reex istin g  lym phom a, sarco idosis, graft-versus-host d isease, hepatitis c  or hum an  
in im u n od eíic ien cỵ  v iru s in íectio n , use o f  an ticholin erg ic drugs (w ith in  4 half-lives o f taking the drug).



(IFN -y) are p roduced  m ostly  by in íìltra ting  T cells. 
IFN -y increases HLA-DR and La/SSB expression by 
g landu lar ep ithelial cells and  1L-10 can induce B-cell 
p ro liferation . In ss, B-cell activation is typical and 
may progress tow ard B-cell lym phoid  m alignancy.

A cúvated B cells in  ss p roduce increased am oun ts of 
im m unog lobu lin s w ith  au toan tibody  reacúvity  for im - 
m unog lobu lin  G (IgG) (rheun ia lo id  factor), Ro/SSA, 
and La/SSB. Also, B cells p roduce an tibodies targeting  
the m uscarin ic  M3 receptor. In ss, m uscarin ic (acetyl- 
cho line) recep to r b lockade in  exocrinc tissue w ou ld  
ình ib it the p ro d u ctio n  o f secretions. Since com plete 
des truc tion  o f the salivary tissue is rarely seen in salivary 
gland biopsies of ss patien ts, it has been suggested that 
cy tok ines m ay in teract d irectly  w ith  epithelial cells or 
au toan tibod ies, o ther ihan  those d irected  against 
m uscarin ic  M3 recep tors. For exam ple, in te rterence 
w ith the nerve supply  m ight also decrease secretions 
in a m anner d isp ropo rtiona te  to the level ot ússue 
d estruc tion .

CLINICAL FEATURES

Typica] m aniíestations o f ss are oral and  ocu lar 
sym ptom s and  signs oi dryness, the presence of auto- 
an tibod ies, especially anti-Ro/SSA and  anti-La/SSB an- 
tibodies, and  a positive labial salivary gland biopsy.

Eyes

The p reco rneal tear fìlm has ihree layers, 
p rogressing  ou tw ard  from the corneal suríace: 
m ucus, w ater (aqueous), and oil. The dry eyes o f s s  
are due to aqueous tear deficiency, w hich, how ever, 
m ay exist in  the absence of s s  because of o lher lacrim al 
gland diseases, lacrim al duct obstruction , and  loss of 
reílex tearing. The aqueous tear deliciency of s s  p ro - 
duces sym ptom s of ocu lar irrita tion , particu larly  a 
g ritty  sensation  in the eye, and  a positive S ch irm e rs  
test and the íìnd ing  of ocu lar suriace đam age on the slit 
lam p exam ination  w ith  increased up take of ocu lar dyes 
are observed. T he cliagnostic eye tests are show n in  
Table I.

Mouth

s s  p a tien ts  o ften  experience a sensation  of decreased  
saỉiva, oral d ryness on eating , a need to d rink  Iiquids to 
íacilita te sw allow inẹ of dry foods, spicv food in to ỉer- 
ance, altered  taste, and b u rn in g  m outh. Speech diffìcul- 
ties in terfere w ith  social in te ractions and tunc tion ing  in 
the w orkplace. M ore than  400 m edications are k now n  to 
be associated  w ith dry m ou th  sym piom s, inc lud ing  
d rugs com m only  usecl in  ihe trea lm cn t of hypertension ,

in so m n ia , and  d ep ression . H ead and  neck  rad ia tion  
u sed  to trea t tu m o rs  p ro d u ce s  severe oral dryness. Pa- 
tien ts  trea ted  w ith  rad ioac tive  iod ine for thy ro id  d isor- 
d e rs  m ay la te r p re se n t w ith  oral dryness, since the 
iso to p e  tends to co n c en tra te  in  the salivary glands. Den- 
tal e ro sions an d  caries are com m on , especially  on the 
incisa l edges of the tee th  an d  at the  gingival m argins. A 
dry  sticky  m ucosa an d  íurrovved tongue are often  seen. 
T he m ucosa o íten  d isp lays the typical ery them a and 
w h ú e  pa tches associa ted  w ith  candid iasis. D ecreased 
or ab sen t sa liva p o o lin g  is o ften  presen t. Swallow ing 
diíE cullies may be eva lua ted  by b a riu m  sw allow s or 
u ltra so u n d  stud ies.

M ajor salivary  g land  svvelling and  tenderness m ay 
occur. The p aro tid  g land  sw elling  d isp laces the earlobe 
and  ex tends d o w n w ard  over the angle of the jaw . M edial 
lo the  angle of the jaw , su b m a n d ib u la r salivary gland 
sw elling  m ay be seen or, m ore  often , palpated . The 
svvelling m ay tran s ien t o r ch ro n ic  and  is o ften  recu rren t, 
w h ich  d is tin g u ish es  it from  m um ps.

Other Clinical Features

Gastrointestinal

ln  ad d ú io n  to  the oral m an ifesta tions m e n ú o n ed  
above, s s  is associa ted  w ith  dysphagia, esophageal dys- 
m o tility , and  esophageal webs. L ym phoid  in filtra tion  
raay o ccu r in  the  g as tro in tes tin a l tract. C hron ic  a troph ic  
gas tritis  m ay give rise to  dyspep tic  sym ptom s, inc lud ing  
nausea and  ep igastric  d isco m ío rt. H dicobacterpyỉori has 
been  su spec ted  to p lay  a ro le in  the  gastro in testinal 
m an iíe s taú o n s  o f s s ,  b u t ev idence involving norm al 
p o p u la tio n  Controls is n o l available. The ex tern  to 
w h ich  sm all and  large bow el invo lvem ent occurs in  
s s  is unclear. H ow ever, pa tien ts  frequen tly  com plain  
o f b lo a tin g  and  co n stip a tio n . P a tien ts  on m uscarin ic  
agon ists  such  as p ilo carp in e  o r cevim eline m ay com - 
p la in  o f abdom inal c ram p in g  and  m ay have an  increase 
in the ừ eq u en cy  o f bow el m ovem ents or d iarrhea . Pan- 
creatic  invo lvem en t m ay occur, bu t is usually  subclin- 
ical. P rim ary  b iliary  c irrh o sis  m ay be associa ted  w ith  s s . 
H epa titis  c has em erged as an  im p o rta n t in fec tion  that 
m iin ics ss, in c lu d in g  the salivary  g land lym phocytic 
in íìltra tio n , decreased  saliva p ro d u c ú o n , hypergam m a- 
g lobu linem ia , and vascu liús. H ow ever, such patien ts 
generallv  have no anti-SSA o r anti-SSB antibodies. It 
is th e re to re  im p o rta n t to ru le  ou t h ep a titís  c in individ- 
uals w ho ap p ear to have ss.

Skin

Dry sk in  affects ap p ro x im ate ly  h a lf  of ss palients. 
Sw eating m ay be decreased . D r\' sk in  and peripheral



n e u ro p a th y  m ay resu lt in  p ru ritis . S c ra tch in g  rep ea t-  
ed ly  m ay p ro d u c e  in c re ase d  h y p e rp ig m e n ta tio n , exco- 
r ia tio n s , an d  lichen iR cation . A lso, som e p a tie n ts  m ay 
d ev e lo p  p a ip ab le  o r  n o n p a lp ab le  p u rp u ra  a n d  pete- 
ch iae , m o st o ften  on  th e  lo w er ex tre m itie s , in  sh o w ers  
o f lesions lasting  several days. T he lesions, o n  m ic ro - 
sco p ic  ex a m in a tio n , are co n s is te n t w ith  e i th e r  leuco - 
cy to c lastic  v ascu litis  o r m o n o n u c le a r  in ílam m ato ry  
v ascu lo p a th y .

Thyroid

T hyro id  d iso rd ers , m o st o íte n  h y p o th y ro id ism , are 
co m m o n  in  s s  p a tien ts . T h is m ay re ílec t th e  p rev a len ce  
o f  su ch  th y ro id  d isease in  in d iv id u a ls  o f a s im ila r  age in  
th c  generaỉ p o p u la tio n  o r  co u ld  be a tru e  asso c ia tio n  of 
a u to im m u n e  th y ro id itis  w ith  s s .

Respiratory

M ost s s  p a tien ts  w ith  p u lm o n a ry  in v o lv em en t do  
n o t d ev e lo p  Progressive disease . A d ry  c o u g h  is expe- 
r ien ced  by  m any  s s  p a tie n ts  a n d  p ro b ab ly  reữ ects  
trachea l d ry n ess  and  decreasecl m u c u s  p ro d u c tio n . 
T h e  cou g h  m ay also  be  re la ted  lo  h y p e rrea c tiv e  airw ays 
in  b o th  p rim a ry  an d  se co n d a ry  s s .  A lso, m ild  in te rs titia l 
p u lm o n a ry  d isease  an d  rh e u m a to id - lik e  p u lm o n a ry  
n o d u le s  m ay o c c u r  in  s s .

Rheumatologic

M an iíe s ta tio n s  m ay  in c lu d e  low -g rade  fever, 
ĩa tigue , ly m p h a d e n o p a th y , m yalg ias, a r th ra lg ia s , an d  
sy m m etrica l, n o n d e fo rm in g  p o ly a rth ritis , w h ic h  is re- 
sponsive to Standard antirheum aúc therapies.

Neurologic

P erip h era l n e u ro p a th y  is n o t u n c o m m o n  in  s s ,  is 
m o st n o tab le  in  the  lo w er lim bs, a n d  is m o st o ĩte n  sen- 
sory . A u to n o m ic  n e u ro p a th y  also  o ccu rs . A lso, the  Cen
tral n e rv o u s  system  in v o lv em en t has b e e n  re p o r te d  w ith  
le s io n s  n o te d  in  im ag in g  stud ies.

Hematologic

L y m pho id  m a lig n an cy  is the  m o st im p o r ta n t hem a- 
to log ic c o m p lic a tio n  o f s s .  U p to a 44 -fo ld  in c re ase  in 
the  risk  o f  B-cell ly m p h o m as h as  b ee n  re p o r te d  in 
s s  p a tien ts . N o n -H o d g k in s  ly m p h o m as o f  m u co sa- 
associa ted  ly m p h o id  tissues are the  m o st co m m o n  in 
s s  p a tien ts , an d  o ften  sa livary  g la n d s  a n d  cerv ica l 
ly m p h  n o d es are involved .

Reproductive

W o m en  o ften  ex p e rien c e  vag inal d ry n ess , w h ich  
m ay be ih e  first sy in p to m  o f s s  an d  is co m m o n ly  asso-

ciatecl vviih dvspareunia. Anti-SSA (Ro) an tibod ies 
occur in ss, ra ising  the possib ility  o f congen ita l h ea rt 
block, a lth o u g h  the írequency  is low.

Renal

Sym ptom s co n s is ten t w ith  irritab le  b la d d er are no t 
uncom m on . U rinary  ĩrequency  m ay resu lt from  in- 
creased íluid in take  to alleviate o ral d ryness, as well 
renal ab n o rm a lities  associated  w ith  d im in ish ed  ability  
to concen tra te  u rin e  (h y p o sth en u ria ). Renal abno rm al- 
ities inc lude h vposthenu ria  in  app ro x im ate ly  ha lf the 
cases, d ista l renal tubu la r acidosis in  ap p ro x im ate ly  
15% of cases, as w ell as neph roca lc inosis, renal stones, 
and  less o íten  in te rs iitia l nep h ritis  an d  g lo m eru la r dis- 
ease. U rine pH  is u sually  in  excess o f 5.5 in  rena l tu b u la r  
acidosis. The associa ted  system ic acidosis resu lts  in  m o- 
b iliza tion  oí ca lc ium  from  bone, p ro m o tin g  osteopo ro - 
sis and resu llin g  in  hypercalc iuria . ư r in a ry  c itra te , 
w hich n o rm ally  com plexes a sub stan tia l p ro p o rtio n  
oí u rine ca lc ium , is decreased. T his raises the risk  of 
calcium  p h o sp h a te  stone íb rm ation . In app rox im ate ly  
halí of ss cases, tu b u la r  p ro te in u ria  m ay occur. G lom er- 
u la r d iseasc affccts app rox iinate ly  2% of the patien ts , 
tends to  be associa ted  w ith  cryog lobu lins, an d  occurs 
m ore o íten  in those w ith  longer d isease d u ra tio n .

LABORATORY FEATURES

s s  is associa ted  w ith rh eu m ato id  íacto r (90% ), an ti-R o / 
SSA or anti-La/SSB (5 0 —90% ), an d  o ften  hyper- 
gam m aglobulinem ia. A ntinuclcar an tib o d ies  occu r in 
approx im ate ly  80%  of cases. T he 52 kD a Ro is m ore  
o íten  associa ted  w ith  s s ,  w hcreas 6 0 k D a  Ro appears  
to be m o re írequem  in system ic lu p u s  erỵ them atosus. 
Anti-Ro/SSA an tib o d ies  are associa ted  w ith  system ic 
m an iíesta tions o f  the  disease, in c lu d in g  anem ia, leuko- 
penia, th ro m b o cy to p en ia , p u rp u ra , cryog lobu linem ia, 
hypocom plem en tem ia , ly m phadenopa thy , an d  vascu- 
litis. O th er au to an tib o d ies  have been  recogn ized  in 
s s ,  in c lu d ỉn g  th o se  d irec ted  aga inst ca rb o n ic  anhydrase , 
pancreatic  an tigen , o(-fodrin, 97 kD a G olgi com plex , 
m itotic sp in d le  apparatu s, M3 m u scarin ic  acety lcho line  
recep to rs, an d  Fcy receptors. T hese  la tte r au toan ti- 
bodies a re  n o t cu rren tly  used to  d iagnose o r m o n ito r 
the disease.

DIAGNOSIS

The d iagnosis o f ss m ay bc m ad e  by app ly ing  the 
published  classification  criteria. T he d iffe ren tia l diag- 
nosis for ss in c lu d es the d iso rders lis ted  as exc lusions in  
Table 11.



Patient Education and Self-Care

T he p a tien t w ill beneíìt from  ed ucation  abou t the 
disease an d  assistance in develop ing  strateg ies for self- 
m an ag em en t as w ell as for cop ing  w ith  physical, m ental, 
and  social challenges associa ted  w ith  th e ir  cond ition .

Sicca Symptoms

Keratocoỉỹunctỉvitis Siccơ

T re a tm en t of d ry  eyes in c lu d es tear rep lacem en t and 
co n serv a tio n , as w ell as topical o cu lar and  system ic 
m ed ica tio n s. Artiíìcial tears are instilled  as eyedrops 
to am elio ra te  sym ptom s. P reservaũve-free p repara tions 
are b es t to  avoid irrita lio n , ocu lar su ríace dam age, and 
allerg ic reactions. T he use o f sm all ind iv idual d ispensers 
m in im izes  the risk  of bacteria l g row th  and  in íection .

H ydroxypropy lcellu lo se  pellets in se rted  u n d er the 
low er eyelids m ay be u sed  to p ro lo n g  the effects of ar- 
tiíìcial tears. O in tm en ts  are usecl at n igh t, since they are 
v iscous an d  m ay in te rỉe re  w ith  Vision. T opical stero ids 
o r cyc lo sp o rin e  m ay be beneíìcial in ihe trea tm en t of 
k e ra to co n ju n c tiv itis  sicca.

S ystem ic secretogogues su ch  as p ilocarp ine  and 
cev im eline  may im prove o cu lar sym piom s. Typically, 
p ilo c a rp in e  is g iven in  a cỉosage o f 5 m g orally  four tim es 
a day, ancỉ the total cỉailv cỉose usually  cỉoes noi exceecì 
30 mg. A dverse effects in c lu d e  increased  persp ira tion , 
ỉee ling  h o t and ílushed , as well as sym ptom s associated 
w ith  in c reased  bow el an d  b lad d er m otility . C au tion  
m u st be exercised  in  th e  presence of b ronchospasm . 
Som e p a tie n ts  w ho experience adverse effects m ay ben- 
efit from  one to th ree 5 m g doses per day lo am eliorate  
sy m p to m s at the m ost troub lesom e tim e of day. 
C ev im eline  has recen tly  been  app roved  for the treat- 
m en t o f  d ry  m o u th  in  ss at a closage of 30 m g orally 
th ree  tim es daily. Like p ilocarp ine , ii is a m uscarin ic  
agon ist tha t increases p ro d u c tio n  of saliva and  possibly 
tears a n d  o th e r  secretions. The d ru g  is co n tra in d ica ted  
for ind iv id u als  w ith  u n co n tro lled  asthm a, iritis, and 
n a r r o w  angle g la u c o m a .  T he r o le  o f  s y s te m ic ,  im m u n O ' 

m o d u la to ry  trea tm en t for the o cu lar m an iíesta tions of 
ss rem a in s  unclear.

Xerostomia

F re q u e n t den ta l care, an ap p ro p ria te  d ie t, lim iting  
sugar in ta k e , daily  top ical íluo ride use, an tim icrobial 
m o u th  rinses, and ex ch an g in g m ed ica tio n s that p rom ote 
oral d ry n ess  or its com plica tions for rnore ap p ro p ria te  
ones m ay  Ịim it thc d ev e lo p m en i of caries in pa tien ts  w ith 
red u c ed  salivary flow. A rtiíìcial saliva, lub rican ts, and

sugar-frce ch ew in g  g u m  01* cand ies m ay am elio ra te  oral 
dryness. O ral m o is tu rize rs  and  lub rican ts, as well as 
d ietary  m o d iíìca tio n s, m ay im prove dysphagia. Sicca 
sym ptom s m ay b e  im proved  by using  hum id iíìe rs. As 
in the tre a tm e n t o f o cu la r d ryness, secretagogues such  
as p ilocarp ine  o r  cev im eline  m ay increase secretions in 
pa tien ts w ith  su ffic iẹn t ex o crin e  tissue.

O ral can d id ia sis  com m on ly  com plicates the  dry  
m oưth of ss an d  is trea ted  by the use of oral troches 
or vaginal su p p o sito rie s  of an tifungal agents, su c h  as 
N ystatin  o r  clo trim azo le . A ngular che ilitis  m ay requ ire 
topical an tiíu n g a l agents. Bacterial p a ro titis  sh o u ld  be 
treated  w ith  w a n n  com presses, m assage of the p aro tid  
gland, an d , if necessary , an tib io tics.

Systemic Manifestations

Im m u n o m o d u la lo ry  d ru g s can be used  to treat 
system ic or ex o crin e  a u to im m u n e  and  in ílam m ato ry  
m anifesta tions. H v d ro x y ch lo ro q u in e  is o ften  given for 
m ilder system ic m an ifesta tio n s o f au to im m u n e  disor- 
ders, su ch  as fever, rashes, and  a rth ritis . Ít rem ain s un- 
clear w h e th e r  h y d ro x y ch lo ro q u in e  is effective for the 
exocrine c o m p o n e n t o f the d isease, a lth o u g h  serological 
m easures im p ro v e  in s s  p a tien ts  on  th is  d rug . M etho- 
trexate, p red n iso n e , aza th io p rin e , and  o th e r  im m uno- 
m o d u la to ry  d ru g s  have been  used in p a tien ts  w ith 
p ro m in e n t system ic m a n iĩe s ta tio n s  of ss as is d o n e  i.n 
patien ts w ith  system ic lupus ery them atosus. H ow ever, 
few ran d o m ized , d o u b le -b lin d , clin ical tria ls have been 
carried  o u t to es lab lish  w h e th e r  these im m u n o m o d u la - 
tory  agen ts are beneíìc ia l in ss .

C o n s id era tio n  sh o u ld  be g iven  to the trea tm en t of 
o ther p ro b lem s associa ted  w ith  s s .  F o r renaì tu b u la r 
acidosỉs, o ral a lka line  m ed ica tio n s co n la in in g  sod ium  
and  p o ta ss iu m  citra te  at a dose of 1— 2 m Eq/kg/day 
may be necessarv  to co rrec t ac idosis an d  decrease the 
risk  of k id n ey  stones. A lso, u rin e  ca lc ium  levels sh o u ld  
be m o n ito red . R enal tu b u la r  acidosis p ro m o tes m obili- 
za tion  of ca lc ium  from  bone, w h ich  req u ires  ap p ro p ria te  
m o n ito rin g  an d  trea tm en t. B ronchod ila to rs m ay b eneíìt 
pa tien ts w ith  a ch ro n ic  cou g h , since s s  is associa ted  w ith 
increased  airw ay  reactiv ity . T hy ro id  d iso rd ers  in s s  pa- 
tien ts a re  m anaged  in the sam e m a n n e r as for o the r 
p aú en ts  o f s im ila r age and  sex. D vspepsia an d  gastro- 
esophageál re ílu x  are n o t u n co m m o n  an d  requ ire  Stan
dard  the rapy . T he a r th ritis  o cc u rrin g  in s s  pa tien ts 
resp o n d s  w ell to the Standard th e rap ies  used in rheuma- 
to id  a r th ritis . D ry sk in  n iav  be allev iated  by clecreased 
írequency  of b a th in g  and  ap p lica tio n  of lubrican ts. 
P ruritis m a v b c  trea tcd  w ith  m e n th o la led  lo tions. Super- 
íicial v ascu litis  an d  d ẹrm a titis  are trea ted  w ith  steroids. 
Vaginal d ry n ess  an d  d y sp a reu n ia  m ay respond  to



vvater-soluble lu b ric an ts  an d  vag inal e s tro g e n  p rep ara - 
tions m ay be beneRcial in  p o s tm e n o p a u sa l íem ales.

T he u n d e rs ta n d in g  o f s s  co n tin u e s  to advance . How- 
ever, on ly  sy m p to m atic  th e ra p ie s  have b ee n  speciíìca lly  
ap p ro v ed  for the tre a tm e n t o í  th is  d eb ilita tin g  d iso rd e r  
an d  íu r th e r  in v e stig a tio n  w iĩl be n ecessary  to  c la riíy  the 
ro le o f im m u n o m o d u la to ry  agents. R ep lacem en t o f de- 
stro y ed  salivary  g lan d  tis su e  by artiíìc ia l sa livary  g lands 
and  the  p o ssib ilities  for gene  th e ra p ie s  are uncler con- 
s id e ra tio n  as íu tu re  tre a tm e n t o p tio n s .

See Also the FolIowing Articles

S a liv a ry  G la n d s , A n a to m y  a n d  H is to lo g y  •  S a liv a ry  C ilands, 
P h y s io lo g y  •  X e r o s to m ia
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intestinal ỉailure An irreversible siate oí inability of the 
native gastrointestìnal tract 10 provide íor the nutritional 
and/or íltiid and electrolytc dcmancls of the bocly. 

isolated intestinal transplant Vascularizecl transplantation of 
the jejuno-ileum íroni anoihcr person (usually a 
cadaver).

liv er—b ow el transp lant Com bined sim ulianeous transplan- 
tation of a liver and jejuno-ileum, requiring removal of 
the native liver. 

multivisceral transplant Transplantation of the stomach, 
pancreas, and small intesline, and someiimes othcr 
organs, which may include the liver and/or kidney. 

parenteral nutrition Adminislratìon of intravenous solutions 
(incìuding carbohydrate, protein, fats, and water) 
sufficient to provide compleie nutritional requirements. 

portal or m escn ler ic  drainage Venous effluênl í rom a graít is 
direcled into the superior mesenteric vein or portal vein, 
so that ihis blood undergoes a first-pass effect through 
the liver beíore entering the systemic circuỉation. 

systemic dratnage Venous eíQuem í rom a graít is directed to 
the systemic circulation via tlìc vena cava, so that it does 
not íìrst íilter through the liver.

In testin a l (sm all bow el) transp lan ta tion  re íc rs to the re- 
moval of the je juno-ileum  from one individual and the 
transp lan ta tion  o f th is  organ in to ano ther individual. 
This procedure req u ires  reestab lishm ent of m esenteric 
arte ria l inflow  and m esenteric  vcnous outflow  from the 
graft and  p lacem ent o f the jejuno-iIeal graft in  the abdom - 
inal cavity. The je juno-ileum  can be transp lan tcd  alone, as 
an  iso lated  sm all bow el graft, or in com bination w ith  a 
variety  of o ther abdom inal organs as part of com posite or 
noncom posite graíts. ln testinal transp lan ta tion  is gener- 
ally perĩorm ed for p a tien ts  with in testinal íailure (i.e., 
p atien ts  w hose gastro in testinal tract functions too poorly 
to provide n u tritional autonom y) or, less com m only, for 
patients w ith  Central abdom inal tum ors that cannot be 
rem oved withoi.1t sacrificing the supério r m esenteric 
vessels and sm all in testine.

BACKGROUND

In testin a l ía ilu re (th e  inab ilitv  o f the native gastro in tes- 
tinal trac t to p rov ide  n u tr itio n a l au tonom y) necessita tes 
liíe long  in trav en o u s su p p o rl to m a in ta in  caloric, íìuid.

o r e lec tro ly te  h o m eo stasis . P rov is ion  of rep la ce m en t 
the rapy  in  the  fo rm  of p a re n te ra l n u tr itio n , m ost 
o íten  a t hom e, p e rm its  su rv ival for the m ajo rity  o f pa- 
tients. H om e p a re n te ra l n u tr it io n  is th e re ío re  the  pri- 
m ary lo n g -te rm  th e ra p y  for p a tien ts  w ith  in te s tin a l 
ĩailure. F o r p a tie n ts  w ith  in te s tin a l ĩa ilu re , hom e par- 
en tera l n u tr it io n  can  be  co n s id e re d  an a lo g o u s to renal 
rep lacem en t th e ra p y  for p a tie n ts  w ith  en d -stag e  k id n e y  
failure.

In som e p a tien ts , how ever, the use of p a ren te ra l 
n u tr itio n  is lim ited  by  its  co m p lic a tio n s , w h ich  in c lu d e  
p aren te ra l n u tr itio n -a sso c ia te d  liver d isease , rec u rre n t 
sepsis associa ted  w ith  line  in ĩe c tio n s  o r  b ac le ria l over- 
g row th  in  ihe native in te s tin a l trac t, and  loss o f venous 
access for p a ren te ra l n u tr it io n  d u e  to m u ltip le -lin e -site  
th rom boses. T hese  c o m p lic a tio n s  and  o th e rs  c o n trib u te  
to cỉeath in  10 —30%  o f p a tie n ts  w ith  in te s tin a l ía ilu re  
d u r in g  the íìrst 3 —5 years o n  therapy . P atien ts  w ith  
these co m p lica tio n s are  ía iling  p a re n te ra l the rapy  an d  
are therefo re  ca n d id a te s  for in te s tin a l tran sp lan ta tio n .

M ore th an  50 ,0 0 0  N o rth  A m erican  p a tien ts  
cu rren tly  receive p a re n te ra l n u tr itio n  for trea tm e n t of 
Ịn testinal ía ilu re . It h as  b ee n  e s tim a ted  th a t 15—20%  of 
these p a tien ts  are y o u n g  a n d  o therw ise  h ea lth y  an d  
cou ld  be ca n d id a tes  for tra n sp la n ta tio n . It has also 
been  es tim a ted  th a t 2 new  live b ir th s  p er m illio n  in  
W este rn  c o u n trie s  w iil ev e n tu a lly  deve lop  in te stin a l 
ía ilu re. T h u s, a lth o u g h  th e  c u r re n t p o p u la tio n  receiv ing  
in testinal tran sp lan ta tio n  is sm all, w ith  ap p ro x im ate ly  
111 such  o p e ra tio n s  h av in g  b ee n  p e río rm e d  in  N o rth  
A m erica in  200 1 , th e re  is a la rge  p o p u la tio n  for w h o m  
th is  therapy  co u ld  be u se íu l w h en  success is op tim ized .

IN D IC A T IO N S

Ind ica tions for in te s tin a l tra n sp la n ta tio n  can  be catego- 
rized  as b e in g  rc la ted  to  loss o f in te stin a l leng th  
(sh o rt bow el sv n d ro m e), lo ss o f in te stin a l ĩim ction , 
o r tu m o rs  (Fig. 1).

S hort bow el sy n d ro m e, in  w h ich  in teslin a l len g th  
an d  abso rp tive  su rface  area  hav e  b een  lost du e  to su r- 
gical resec tion , is the  m o st co m m o n  cause o f in testin a l 
ĩa ilu re  lead ing  to  in te s tin a l tra n sp la n ta tio n . T he loss of
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FIG URE 1 Pie charts illu strate the current in d ica iion s for intestinal iransplantation in children  (A) 
and adu ỉts (B). Data írom  the Intestinal Transplani Registry. Available at http://w w w .intestinaltrans- 
plant.org. A ccesscd  January 13, 2003 .

m ucosal ab so rp tiv e  su rĩac e  area  is associa ted  w ith  
m alabsorp ticm  and  rap id  tra n s it tim e th ro u g h  the je- 
ju n o -ile u m , w ith  re su lta n t m a ln u tr itio n , re c u rre n t de- 
h y d ra tio n , an d  e lec tro ly te  ab n o rm a litie s . S ho rt bow el 
sy n d ro m e m ay be se co n d a ry  to  a varie ty  o f diseases in 
ad u lts  and  ch ild ren , m ost o f w h ich  are  secondary  to 
vascu la r o r ischem ic in su lts . In c h ild re n , these include 
m a lro ta tio n , vo lvu lus, n ec ro tiz in g  en te ro co litis , je ju n o - 
ileal atresias, gas tro sch is is , o m p h a lo ce le , an d  o th e r  con- 
gen ita l d isơ rders. A du lts  íre q u e n tly  suffer sho rt gut 
syn d ro m e d u e  to traum a, th ro m b o s is  o r em bo lism  to 
th e  m esen teric  vessels, in ílam m ato ry  bow el d isease , vol- 
v u lu s, o r o th e r  causes o f in ía rc tio n .

F u n c tio n a l disorcỉers o f the  sm all in te s tin e  lead ing  
to in te s tin a l ĩa ilu re in c lu d e  d iso rd e rs  o f  m o tility  and  
d iso rd e rs  o f  en te ro cy té  ỉu n c tio n . M otility  d iso rders 
can be e ith e r m yopath ic  o r n e u ro p a th ic . T hese inc lude 
c h ro n ic  id io p a th ic  in te s tin a l p se u d o -o b s tru c tio n , vis- 
ceral m y o p a ih y , v isceral n eu ro p a th y , to ta l in testinal 
agang lionosis , an d  som e ío rm s  of m ito c h o n d ria l respi- 
ra to ry  cha in  d iso rd ers  th a i affect g as tro in te s lin a l m o to r 
ĩu n c tio n  (e.g ., m ito ch o n d ria l n eu ro g a s tro in te s tin a l en- 
cep h a lo m y o p a th y ). E p ithe lia l d iso rd e rs  th a t lead to se- 
c re to ry  d ia rrh ea  or failure o f a b so rp tio n  in  the  in testine  
are m o re  co m m o n  in  c h ild re n  an d  in c lu d e  m icrov illus 
in c lu sio n  d isease , tu ítin g  e n te ro p a th y , a n d  au to im m u n e  
en teritis .

T u m o rs invoìv ing  the base o f the  je ju n o -ilea l m es- 
e n te ry  are o íte n  b en ign  b u t a re  locally  invasive an d  
th e re ío re  le thal. O nly  co m p le te  re se c tio n  of the 
tu m o r and  sacriíìce of the  in te s tin e  can  p rov idc  cure. 
The m ost co m m o n  such  lesions are d esm o id  tu m o rs in

p a tien ts  w ith  íam iỉial ad e n o m a to u s  po lyposis. T his 
tu m o r som etim es involves the m esen teric  vessels, fore- 
sh o rten s  the m esen tery , an d  requ ires com plete  exen ter- 
a tio n  of the sm all bow el for com plete resection . 
S om etim es these tu m o rs  involve o th e r  fo regu t organs 
tha t p rov ide porta l flow to the liver, su ch  as the pan- 
creas, sp leen , stom ach , an d  d u o d en u m . E x en tera iio n  of 
these o rgans req u ires  c o n c u rre n t tran sp lan ta tio n . 
T here ío re , pa tien ts  w ith  d esm o id  tu m o rs som etim es 
do  no t have in testina l ía ilu rc  an d  are n o t d ep e n d en t 
on  p aren te ra l n u tr itio n  be ĩo re  resec tio n  and  transp lan t- 
a tio n , w h ich  m ay be p e río rm e d  concu rren tly .

TYPES OF TRANSPLANTS

In testinal tran sp lan ta tio n  m ay be p e río rm ed  w ith  an  
isolated in ie s tin a l g ra ít o r as a m u ltio rg an  tran sp lan t 
p ro ced u re . T he co m m o n  e lem en t of these p ro ced u res  
is tran sp lan ta tio n  of the  je ju n o -ileu m , w ith  or vvithout 
o th e r organs. U n d er c u rre n t p ro toco ls, an  ileostom y is 
c reaied  to allow  for easy en d o sco p ic  su rveillance of the 
graft for patho logy  in  the  early  p e rio d  after transp lan t. 
An en teric  ỉeed ing  tu b e  is also  p laced  to allow  the early 
delivery  of en te ra l n u tr itio n , in  case oral in tak e  is no t 
co rap le te  b u t the  tra n sp la n te d  in testin e  can p rov ide the 
full n u tr itio n a l needs. T h is is n o t u n co m m o n  am ong 
babies w ho suffer n eo n a ta l sh o rt gu t synd rom e and 
w ere the re ĩo re  nev e r fed by m o u th  d u rin g  iníancy. 
Even if these ch ild re n  have a íuliy íu n c tio n a l in testinal 
tract after tran sp lan t, they m ay still requ ire  en te ra l tube 
feeding w hile  ac q u ir in g  íeed in g  skills. The different

http://www.intestinaltrans-


F IG U R E  2 Illustrated are ihe three m ost com m on  intestinal transplant procedures, w hich  in clu d e (A) iso la ied  intestine  
cransplantation w ith  m esen ieric  ven ou s outflow ; (B) liver—intestine transplantation w itlì portacaval shunt drain ing the naiive  
íoregut; and (C ) m ultivisceral iransplantation. Shaded areas represent natỉve organs; clark areas represent transplanied  
organs. R eprinied, w ith  p erm ission, from F ishbein , T. M., G ondolesỉ, G. E., and Kauíman, s. s. (2 0 0 3 ). Intcstinal trans- 
plantation lor gut ỉailure (Revievv). G astroenterology , 124, 1 6 1 5 —1628.

types of in te s tin a l tran sp la n t p ro ce d u re s  are illu stra ted  
in  Fig. 2 and d escrib ed  below .

Isolated Intestinal Transplantation

Iso lated  in testina l tran sp ỉan ia iio n  m ay be per- 
ío rm ed  vvith m e sen ie ric /p o rta l đ ra inage or system ic 
drainage. T he d ra in ag e  re ie rs  to the v enous ou tflow  
o f the grafted  o rgan , w h ich  m ay be ih ro u g h  the  liver 
(m esen te ric /p o rta l)  o r in to  the in íe rio r vena cava 
(system ic), u tiliz in g  a varie ty  oí surg ical techn iques. 
G astro in testin a l c o n tin u ity  is th en  reestab lished , pro- 
v id in g  the re c ip ien t w ith  the  ability  to take n u tr itio n  
en terally . Iso lated  in.testin.al tran sp lan ta tio n  is gener- 
ally ind ica ted  w h en  th e re  is in testinal ía ilu re vvithout 
sign iíican t u n d e rly in g  liver đ isease or íailu re o f  o th e r  
organs.

pan c reas allow s tran sp lam a tio n  o f the b iliary  system  
w ith o u t d is ru p tio n  an d  is advan tageous in  sm all 
p ed ia tric  patien ts. T his a p p ro a c h  is re ferred  to as 
liv e r—in testine  tran sp lan ta tio n  w ith  d u o d en a l p reser- 
vation . Al.ternatively, ihe  live r an d  in te stin e  m ay be 
iran sp lan tc d  \v iihou t thc d u o d en u m , w ith  a b iliary  
an asto m o sis  c reated  betvveen the  d o n o r co m m o n  bile 
d u c t a n d  the tran sp lan te d  je ju n u m , w ith  the m esen teric  
an d  p o rta l venous system  rem a in in g  in tact. F inally , the 
pa tien t m ay receive an  o n h o to p ic  liver iran sp lan t and 
an  iso latcd  in testine  tran sp lan t, in  w h ich  the two 
o rgans are  b o th  tran sp lan ted , b u t n o t as a com posite  
graft. C o m b in ed  liver an d  in te s tin a l tran sp lan ta tio n  is 
genera lly  in d ica ted  w h en  in te s tin a l ta ih ire  is accom - 
pan ied  by  liver failure, u sua lly  due to p a re n te ra l 
n u tr itio n .

Liver—Intestine Transplantation

Liver—in te s tin e  tra n sp la n ta iio n  inc ludes the je ju n o - 
ile u m  and  liver an d  generallv  involves tran sp lan ta tio n  of 
these o rgans w ith  an  in tac t m e sen te ric—po rta l c ircu la- 
to ry  system . Because the native ío regut is p reserved  
(native stom ach , p an c reas , d u o d en u m , and  sp leen ), a 
po rto cav al sh u n t m u s t be períorm ecỉ 10 p rovide v en o u s 
d ra in ag e  of these o rgans w hen  the com posite  liv e r— 
bow el graft is tran sp lan te d . T hese tvvo o rgans may 
also be tran sp lan te d  w ith  o r w ith o u t the d u o d e n u m  
an d  in ta c t b iliary  svstem . T ra n sp la n ta tio n  o ĩ the o rgans 
w ith  an  in tac t d u o d e n u m  an d  a po riio n  of the h ead  oi’the

Multivisceral Transplantation

M ultiv isceral tra n sp la n ta tio n  involves tran sp lan ta - 
tion  of th e  stom ach , p ancreas , a n d  sm all in te s tin e  and 
so m e tim es also the liver a n d /o r  th e  k idney. T hese trans- 
p lan ts  a re  alw avs p e rĩo rm e d  as com posite  o rg an  allo- 
g ra íts  an d  involve p lacem en t o f th e  new  gas tro in tes tin a l 
trac t in  the native p o sitio n  in  the  abdom en . E xen tera- 
tlo n  of the  native organs, in c lu d in g  the stom ach , pan- 
creas, d u o d en u m , sp leen , an d  sm all bow el, is th e re ío re  
req u ired . The righ t co lon , rece iv ing  its b lood  su p p ly  
írom  th e  su p e rio r  m esen teric  a r te rv , also m ust be resec- 
ted . Since rem oval of the  d o n o r  o rgans necessita tes vagal



nẹrve. transection , the p y lo ru s  lacks a native vagal re- 
la x a lio n  reílex an d  p v lo ro p la s tv  is  req u ired .

Donor Organ Selection and Procurement

In m ost cases, d o n o r  o rg an  p ro c u re m e n t re q u ire s  a 
b lo o d -g ro u p -id e n tic a l o r  -co m p atib le , h em odynam i- 
c a lly  stable cadaver d o n o r. F o r  ỉso la ted  in te s tin a l trans- 
ỊDlantation, the entire je juno -ileum  is usually procured  
w ith  the su p e rio r  m e sen te ric  a r te ry  an d  vein  and  the 
p an c reas  an d  liver m ay be p ro c u re d  for tran sp lan ta tio n  
e lsew here . W h en  a co m p o site  liver an d  sm all bow el 
g raft is p ro cu red , thc  sh a red  m e se n te r ic —p o rta l venous 
d ra in a g e  of th e  tw o o rg an s  p rec lu d es  sep ara te  trans- 
p la n ta tio n  o f the p an c reas  a lo n e . F o r m ultiv isceral 
tra n sp la n ta tio n , the s to m ach , pancreas , sp leen , sm all 
b o w el, and  liver are  p ro c u re d  en bỉoc an d  th e  sp leen  
c a n  ih en  be rem oved  in  a c h ille d  ice bath . Because 
th e  sm all bow el is a hollovv v iscus, it is p a rticu la rly  
p ro n e  to w arm ing  an d  p rese rv a tio n  in ịu ry , an d  core 
c o o l i n g  w i t l ì  a  S ta n d a rd  p r e s e r v a t io n  s o lu t io n  ( U n iv e r -  

sity  of W isco n sin  so lu tiơ n , V iaspan) is the  C e n t ra l  tenet 
o f  o rgan  p rese rva tion . lsc h em ic  tim e m u st be k e p t sh o rt 
a n d  everv a ttem p t is m ade to  rep e rĩu se  the o rg an  w ith in  
12 h  a ĩter its  rem oval from  the d o n o r c ircu la tio n . 
w h e rc a s  m ost in te s tin a l tra n sp la n ts  have b ee n  per- 
fo rm ed  w ith cadaveric  d o n o r  o rgans as clescribed 
h ere , only a few  tra n sp la n ts  have u sed  liv e -d o n o r partial 
ileal o r jẹ ju n a l g ra ĩts  w ith  m ixed  results. Livc d o n o r  
tra n sp la n ta lio n  is ideal w h en  the p a tien t has an iden tical 
tw in  d ò n o r a n d  im m u n o su p p re ss io n  is th e re lo re  n o t 
req u ired . P inallv , n ew er red u ced -s ize  te ch n iq u e s  are 
b e in g  cleveloped to ad d re ss  the sho rtage  of g rafts for 
sm all ch ild ren .

M ANAG EM ENT AFTER  
TRANSPLA NTATIO N

M anagem ent a íte r tra n sp la n ta tio n  reqư ires in tensive  
im m u n o su p p re ss iv e  th e ra p y  to  p rev en t allog raít reịec- 
tio n , early  rec o g n itio n  o f  re je c tio n  w h en  it occu rs, 
p ro p h y lax is  aga inst and rec o g n itio n  an d  tre a tm e n t of 
infe.ct.ious d iso rd ers , an d  n u tr it io n a l m anagem en t.

Surveillance Endoscopy

S urveillance en d o sco p v  is the  Standard m e th o d  for 
d iag n o sin g  re ịe c tio n  afte r tran sp lan ta tio n . C u rren tly , 
th e re  is no non invasive  m ean s to  reliably  p red ic t o r 
de tec t re ịcction  o f the tra n sp la n te d  je ju n o -ileu m . 
T h cre ío re , p ro to co l b io p sies  a re  p e rĩo rm e d  a t variable 
in te rvals, usually  w eek ly  o r tw ice w eekly , early  after 
tran sp lan ta tio n . R eịection  c a n n o t be d iagnosed  solelv

on  th e  basis o f the g ross endoscop ic  ap p earan ce  of the 
in te s iin a l m ucosa. T he process has b een  show n to be 
pa tchv , w ith  areas of no rm al m ucosa in te rsp e rsed  w ith  
areas th a t d em o n stra te  re jection . T here ío re , m u ltip le  
ra n d o m  m ucosal p in c h  b iopsies are generally  sam pled  
for h is to lo g ic  review .

Review

R eịection  is co n im o n  a íte r  in testinal tran sp lan ta - 
lion , w ith  the process d irec ted  at the c ryp t ep ith e liu m . 
E n te ro cy te  ap o p to sis  in  the c ry p t is generally  p resen t 
w ith  re je c tio n  early  a ĩte r tran sp lan ta tio n  (m ild  rejec- 
tio n ), variab ly  associa ted  w ith  an  increase  in the den sitỵ  
of the  lam in a  p ro p ria  in íiltra te , ac tivated  lyn iphocy tes, 
acu te  c ry p titis , ancl variable degrees o í  v illous b lu n tin g  
(m o d e ra te  re jec tion ). S uch  changes are usually , b u t n o t 
alw ays, associa led  w ith  sec re to ry  d ia rrh ea , the clin ical 
h a ilm a rk  of m o st p o s ttra n sp la n t patho log ies. A ccom pa- 
ny ing  changes m ay in c lu d e  d ev e lo p m en t o f m ucosal 
co n g estio n , fever, leu k o cy to s is  and  som eiim es d evelop- 
m en t o f  ileus. T hese changes, if  n o t adequate ly  trea ted , 
lead to the  d isso lu tio n  of cry p ts  an d  evcn tua l loss of 
m u c o sa l a rc h itec tu re , lead in g  to  s lo u g h in g  of the epi- 
th e liu m  from  the u n d erly in g  su b m u co sa  (severe rejec- 
tion). A n ii-lym phocy te  a n tib o d y  p rep a ra tio n s  are often  
requirecl lo trea t advanced  rẹịection .

I ìT ìm u n o s u p p r e s s io n

T h e g as tro in tes tin a l trac t h a rb o rs  app ro x im ate ly  
80% o f the  b o d y ’s to ta l ly m p h o id  tissue. D ue in  p a rt 
to th is  h e ig h ten e d  im m unogen ic ity  over o th e r so lid  
organs, the  sm all in te stin e  has b een  a troub lesom e 
o rg an  to  tran sp lan t. R ejection  is m ore  co m m o n  an d  
m ore co m m o n ly  severe than  w ith  o th e r  so lid  o rgan  
tran sp lan ts . Im m u n o su p p ress io n  a íte r in testina l trans- 
p la n ta tio n  is c u rren tly  based  o n  ca lc in eu rin  b lockade , 
w ith  o th e r  agen ts variab iy  used  in  d iffe ren t p ro to - 
cols. C o rtic o s te ro id  use gencrally  accom pan ies the 
ca lc in e u rin  in h ib ito r , w ith  g lobal im m u n o su p p re ss io n  
ex ceed in g  th a t req u ired  for su ccessĩu l tra n sp la n ta tio n  of 
the k id n e v  or liver. P rio r to the use of tacro lim us 
in  in te s tin a l tran sp lan ta tio n , graft su rv ival was poor 
ancl m a rre d  by h ig h  ra te s  o f d e a th  resu ltin g  from  rejec- 
tion  a n d  co n c o m itan t in íec tions. R ecently , various 
ap p ro a ch es , in c lu d in g  the use of m o n o c lo n al in te rleu - 
k in -2  an tag o n is ts , graft irrad ia tio n , an d  co n co m itan t 
use o f  rap am y cin , all in  co m b in a tio n  w ith  tacro lim us, 
ap p ear to  have clecreased the  ra tes  o f acu te  ce llu lar 
r e je c t io n  c o m p a r e d  to  h is t o r i c a l  C o n t ro ls .  W h e n  a c u te  

ce llu lar re je c tio n  occu rs, au g m en ta tio n  o f im m u n o su p - 
p ress io n  is req u ired . M ild re jec tion  often  resp o n d s to  
b o lu s  ad m in is tra tio n  o f in tra v en o u s  co rtico ste ro id s .



vvhereas m o d era te  o r severe re ịection  usually  requ ires  
a d m in is tra tio n  o f d ep le tin g  an ti-lym phocy te  an tibod ies.

Iníection Prophylaxis

P rio r to  p ro cu rem e n t, m ost p rogram s a ttem p t to 
d ec o n tam in a te  th e  in testina l allograít of bac teria l and  
fungal o rgan ism s by ad m in iste rin g  en teric  an tib io tics  to 
th e  do n o r. D eco n tam in atio n  using  m echanical cleans- 
ing  is im prac tica l in  cadaver donors. In travenous anti- 
b io tics are usua lly  g iven to the rec ip ien t d u rin g  
tran sp lan ta tio n , as the  d o n o r organ is n o t sterile. F u r- 
th e rm o re , because the  level of im m u n o su p p ressio n  nec- 
essary for successfu l p rophy lax is o f re jection  pu ts  
rec ip ien ts  at r isk  for viral in íection , p rophy lax is w ith  
hy p erim m u n e  g lo b u lin  and  an tiv iral agents (u sually  
gancic lov ir) is generally  em ployed  against the m ost 
co m m o n  p a th o g en s (e.g., cy tom egalovirus and  Ep- 
Stein-Barr v irus). Hovvever, new er viral pa thogens, in- 
clucling ad en o v iru s  and  caliciv irus, have recen tly  b een  
described  after in te s tỉn a l tran sp lan ta tio n .

COM PLICATIONS

In testin a l tran sp lan ta tio n  is a com plex  un d ertak in g . 
T he com plica tions seen  a íte r this tran sp lan t can be cat- 
egorized  as su rg ica l, in íec tious, o r im m unological.

Surgical Complications

Because the  tran sp lan te d  im estine  has u n d erg o n e  
ischem ic and  rep e ríu s io n  in ju rics, som e degree of m u- 
cosal in ju ry  is u su a lly  p re se n t early after transp lan ta - 
tion . M ucosal in ju ry  can  co n trib u te  to poo r healing , 
an asto m o tic  leakage, and  loss of b a rr ie r  function , lead- 
ing  10  tran s lo ca tio n  and  p e rito n itis  and , o ften , to the 
need  for early  reo p e ra tio n . C om plex  vascular recon- 
s tru c tio n s  are req u ire d  for th is transp lan l, p red isposing  
to p o sto p era tiv e  b leed ing . T ransec tion  o f the m esen tery  
a n d  lym pha tic  d ra in ag e  of th e  in testine m ay resu lt in  the 
dev e lo p m en t of chy lous ascites aíter transp lan t. C hy lous 
o r lỵn ipha tic  ascites m ay arise  from  the  don o r o rg an  or 
írom  lym phatics o f the  na ti ve in testine in  cases w here  
en terec to m y  is req u ired  at thc tim e o f tran sp lan ta tio n . 
C hy lous ascites usua lly  p resen ts  once a fa t-con tain ing  
en tera l d ie t is b eg u n  and  it resolves w ith in  6 w eeks w ith  
ad m in is tra tio n  of a d ie t low  in long-chain  trig lvcerides.

Infectious Complications

L ine-rela ted  sepsis  can  occur after tran sp lan ta tio n , 
d u rin g  the in te rval b eío re  \vean ing  from  parcn tera l ther- 
apy. B acterial an d  ĩungal in íec tions thai are co m m o n  
beío re  tran sp lan t in p a tien ts  on paren tera l therapy

m ay recur w ith  im m u n o su p p ress io n  after in testina l 
tran sp lan ta tio n . P erito n itis  early  after tran sp lan t is com - 
raon , due e ith e r to  co n tam in a tio n  of the  íield d u r in g  the 
tran sp lan t p ro ced u re  or to  transloca tion . P eriton itis  
u su a lly  does no t re sp o n d  to an tib io tie  the rapy  and  re- 
qu ires  reo p e ra tio n  w ith  p e rito n ea l lavage. Later, d u rin g  
the íìrst year after tran sp lan ta tio n , v ira l in ỉec tio n s are 
com m on ; these usua lly  in íe c t the  ho st o rgan. Cytom eg- 
a lov iru s in ĩec tio n  can cause a secre to ry  d ia rrh ea , as can  
adenov iru s in ỉec tio n  of the  graft. Both v iruses m ay also 
d issem inate , causing  a v iral synd rom e or, less com - 
m only , le thal sepsis. D istingu ish ing  these o p p o rtu n is tic  
viral in íec tio n s írom  re jec tion  can be d iffìcult, as crypt 
in ílam m ation  and  d ia rrh ea  are the  clin ical ha llm arks of 
bo th . E pste in-B arr v iru s-re la ted  B -lym phocyte pro lifer- 
a tions also o ccu r a íter tran sp la n ta tio n  and  have been  
rep o rted  in  up  to 20% of rcc ip ien ts  in  so rae  series. This 
com plica tion , p articu la rly  co m m o n  am ong  naive pedi- 
atric  tran sp lan t rec ip ien ts , íreq u e n d y  a ííec ts  the trans- 
p la n ted  in testine . ĩt can be seen  as ex p an d ed  lym phoid  
no d u le s  w ith  ac tiva ted  o r a typ ica l lym phocy tes on  lĩiu- 
cosal p in ch  b iopsies of the  graft. If u n trea ted , these can 
p rog ress to  le thal m onoclonal p ro liíe ra tions. Polym er- 
ase ch a in  rea c iio n  serum  ev a lu a tio n  aids in  the  early 
d iagnosis and  Ireatm en t o f these viruses.

Rejection

In  m ost clin ical rep o rts , m ore th a n  8 0 -9 0 %  of pa- 
tien ts  ex periencc  at least one  ep isode o f acu te  cellu lar 
rẹ ịec tio n  d u rin g  the íirst year after tran sp ìan ta tio n . En- 
te rocy te  apop tosis  in  the cryp t is generally  p re se n t w ith  
rẹ ịec tio n  early  afte r tran sp lan ta tio n  (m ild  re jection ) and 
can be associa ted  w ith  an  increase  in  the density  of the 
lam ina p ro p ria  in íìltra te , ac tiva ted  lym phocy tes, acute 
cryp titis , an d  variab le degrees of v illous b lu n tin g  (m od- 
era te  rẹ ịection ). If d e tec ted  earìy , these changes are usu- 
ally reversib le  w ith  bo lus s te ro id  ad m in istra tio n . If no t 
recogn ized  and  trea ted , hovvever, they  m ay p rogress to 
d isso lu tio n  of crvp ts, loss o f m u co sa l a rch itec tu re , and  
sep ara tio n  o í the  ep ith e liu m  írom  the  u n d erly in g  sub- 
m ucosa (severe re jec tio n ). A n ti-lym phocy te  an tibody  
p rep a ra tio n s  are  req u ired  to  trea t advanced  re jection  
and  the process is ofterỉ n o t reversib le  w hen  it has 
reached  th is  stage.

T he re jec tion  p rocess, and  the  re su ltan t m ucosal 
irỹurv, leads to  loss of in testina l ep ithe lia l b a rr ie r  func- 
tion  an d  is ĩreq u en tly  associa ted  w ith  transloca tion  of 
bac te ria  and  system ic sepsis o r p e rito n itis . S loughing  of 
the  m ucosai lin ing  m ay occur, w ith  b leed in g  and  m al- 
ab so rp tio n . T his co m b in a tio n  of events, req u irin g  in- 
tensive au g m en ta tio n  o f im m u n o su p p re ss io n  in the 
íace of accom panv ing  in fec tion , acco u n ts  for the h igh



m orta lity  rate associa ted  w iih  in testinal tran sp lan ta tio n . 
If the rec ip ien t has receivccl an  iso lated  in testinal allo- 
graíl, ihe o rg an  m ay be sacriRced and  rem oved. Such 
patien ts m ay latei u n d erg o  successíu l re tran sp lan ta tio n . 
Referral of p a tien ts  w ith  sufficient ven o u s access and 
liver reserve to  allow  an  in te rva l o f p a ren te ra l therapy  is 
critica l to p rov ide th is  a lternative . W h e n  the trans- 
p lan ted  in te stin e  is p a rt o f a m u ltỉo rgan  graft, rem oval 
o f the d o n o r o rgans is n o t íeasible. T hus, tran sp lan ta tio n  
o f a m u ltio rg an  in te stin a l a llog raít is an irreversib le  step , 
lead ing  e ith er to re so lu tio n  an d  repa ir of the dam aged 
graft or to the u ltim ate  đem ise  o f the patien t. D espite 
considerab le h isto rical ro d en t data 10 su p p o rt the 
pro tec tive effect o f the  liver against d ev e lo p m e n t of 
in testinal rẹ ịec tion , the ab ility  to rem ove the iso la ted  
in iestinal a llog ra ít in  p a r t accoun ts for th e  im proved  
overall p a tien t su rv ival seen  w ith  iso lated  in testinal 
transp lan ts in hum ans.

C hron ic rẹ ịection , le ad in g  to a rte rìo lilis  of the graft 
vascu la tu re , íìb rosis o f th e  m u scu la r layers of the sm all 
bow el, ch ron ic  d is to rtio n  of the m ucosal v illous arch i- 
tec tu re , and  a llog ra ít d y s íu n c tio n  w ith  a ltcred  m otility  
an d  m alabso rp iion , h as  a lso  been  repo rted . T he clinical 
d iagnosis rem a in s en ig m atic , b u t is usually  associated  
w ilh  recu rren t d ia rrh ea , vvorsening n u tr itio n , and 
m otility  d istu rbances.

R ecently, various ap p ro a ch es  in d ifferen t cen tc rs 
ap p ear to have decreased  the rates of acu te  cc llu lar re- 
jec tio n  com pared to h isto rica l Controls. A  n u m b er o f 
new  agents m ay have an  effect on  in testina l allograít 
survival. H um an ized  in te r le u k in -2  inh ib ito rs , w h ich  
have been  in tro d u c ed  and  s tu d ied  in  o th e r  so lid  
organ tran sp lan t p o p u la tio n s , in h ib it the ability  o f  the 
activated  T lym phocy te  to up -regu late  the im m u n e re- 
sponse th ro u g h  re c ru itm e n t o f o th e r such  cells. 
S iro lim us use in  co m b in a tio n  w ith  tacro lim us has 
also sign iíican tly  d ecreased  th e  rate of acu te  ce llu lar 
re jection  and  increased  the rates of g ra ít survival. Al- 
th o u g h  no  ran d o m ized  s tu d ies  have evaluatecl these 
a g e n ts  in  in t e s t in a l  t r a n s p la n t a t io n  b e c a u s e  o f  th e  s m a ỉl  

n u m b e r o f p a tien ts  invo lved , experience at several cen- 
ters ind ỉcates a red u c tio n  in early  re jec tion  rates from  
nearly  90% h isio rically  to u n d e r  20% in  som e series.

O th er approaches have inc lu d ed  a ttem p ts to augm ent 
ch im erism  an d  im prove g raĩt survival rates th rough  the 
in íusion  of u n m od iíied  d o n o r  b one  m arrow  cells. Early 
reports from  P ittsburgh  failed to coníìrm  decreased  re- 
je c tio n  rates am ong  p a tien ts  treated  in this m anner. The 
augm enta tion  o f  ch im erism  th ro u g h  infus.ion o fs tem  cells 
rem ains to he stud ied , how ever, and  m ay prove m ore 
effcctive. M ore recently , researchers have a ttem p ted  to 
inactivate d o n o r an tig en -p resen tin g  cells hy irrad ia ting  
d o n o r in testinal allograỉts p río r to im plantation .

RESULTS

Success w ith  in te sù n a l tran sp lan ta tio n  has lagged be- 
h in d  th a t o f o th e r  so lid  organ  tran sp lan ts , ow ing b o th  to 
the various íac to rs  deta iled  above and  to the advanced  
S ta te  o f  c h r o n ic  illness s e e n  i n  inost p a ù e n ts  r e fê r r e đ  f o r  

tran sp lan ta tio n . The In te rn a tio n a l In testinal T ran sp lan t 
Registry  on  R ecip ien t O u tcom es last p u b lish ed  its re- 
su lts  in  1999 an d  rep o rted  a 69% 1-year survival ra  te for 
b o th  p a tien t an d  graft in  iso la ted  in testin e  tran sp lan ts  
an d  66% p a tie n t an d  63%  graft survival rates at 1 vear for 
liver/bow el and  m ultiv isceral transp lan ts . M ore re- 
cen tly , u n p u b lish ed  reg istry  data d em o n stra te  im - 
p ro v ed  surv ival for all graft types an d  b e tte r survival 
a t m o re  ex p e rien ced  cen te rs  am ong  paticn ts  w ho  d id  
no t req u ire  h o sp ita liza tio n  im m ed ia te ly  p rio r  to trans- 
p lan ta tio n  ancỉ am ong  those  receiv ing  iso lated  in testin e  
graíts. W h ereas  in itial rep o rts  in d ica ted  tha t ped ia tric  
p a iien ts  had  h ig h e r ra tes o f survival, m ore recen tly  no 
signiR cant su rv iva l advan tage appears  to o ccu r in  pcdi- 
a tric  rec ip ien ts .

Overall, series inc lud ing  transp lan ts períorm ecl in the 
early 1990s rep o rt low  survival rates for all recip ients, 
w ith  1- and  3-year survival rates o f 63 an d  55% in  one 
series of 17 patien ts írom  the ƯCLA M edical C enter. 
Recent sing le-cen ter series have reporied  h igher patien t 
and  graft survival rates, inc lud ing  1-year patien t survival 
rates o f u p  to 89%  am ong  isoỉated  in testinal allograít 
recip ien ts in onc rep o rt from  ư n iv ers ity  of N cbraska 
and  ped iatric  liver and  bowel rec ip ien t survival rates 
oí approx im ate ly  70% at 2 years in an o th cr repo rt 
from  P ittsburgh . A no ther study  repo rted  1- and  5-year 
survival rates of 75 an d  54% am ong 155 patients. 
A no ther rep o rt o n  95 transp lan ts from  the U niversity 
of M iami dem o n stra ted  1-year patien l and  graít survival 
rates of 84  an d  72%, respectively, am ong  rec ip ien ts of 
iso la ted in te stin e  transp lan tsperío rm ec lsince  1998, com - 
pared  to 1-year live r—survivaì rates of on ly  40 an d  48%, 
respectively, in  bow el and m ultiv isceral transp lan t 
patien ts. T hus, it appears tha t overall p a tien t and  graít 
■survival rates are im proving. Several factors have contrib - 
u ted  to im proved  survival rates in  in testinal transp lan t- 
ation. Im m unosuppressive  m anagem ent inc lud ing  the 
use of new er agen ts h as  led to  decreases in  the ra te  of 
acu te  cellu lar rejection . In one rep o rt from  The M ount 
Sinai M edical C en te r, this co rrela ted  w ith  a signiBcant 
im provem ent in  graft survival rates. A dditionally , earlier 
and  m ore accu ra te  diagnosis and  m anagem ent o f viral 
in ỉectious com plications appear to have decreased  the 
m ortality  rate associa ted  w ith  these diseases.

The m ạịo rily  o f su rv ivors (m ore  th a n  70%) have 
ỉull graft íu n c tio n  w itlì no  req u irem en t for paren- 
tera l the rapy , a lth o u g h  m ost rec ip ien ts  o f in testin a l



tran sp lan ts  req u ire  som e an tid ia rrh ea l m ed ica tions. 
A lthough  linear g row th  m ay be a tta ined  in  the m ạịo rity  
of su rv iv ing  ch ild ren  after successíu l tra n sp la n ta tio n , 
ca tch -u p  g row th  is n o t necessarily  ach ieved . T he m a- 
jo r ity  o f ind ica tio n s for in te stin a l tran sp la n ta tio n  in- 
c lude congen ita l anom alies o r vascu lar acc id en ts , 
lead ing  to su rg ica l resection , and  th e re ío re  rec u rren c e  
o f the u n d erlỵ in g  d isease is n o t com m on. O nly  on e  pa- 
tien t w ith  C ro h ĩìs  d isease is k n o w n  to have suffered  
rec u rren c e  of th is d isease lead ing  to ĩa ilu re  o f the 
a llograít.
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migrating m otor com plex Specỉíìc pattern of small intestinal 
motiliiy that begins when digestion of a meaì is complete 
and ends with intake of the next meal; also callecl 
interdigestive motility. 

m otilin Hormone released by enteroendocrine cells in the 
gut.

physiologic ileus Normal absence of gastrointestinal con- 
tractile activity. 

power propulsion Speciíic pattern of motility that rapiclly 
p r o p e ls  lu m in a l contenL s o v er  ex ten c ỉcd  d ỉs ta n c e s  in  the 
small and large intestine. 

segmcntation Speciík patLern of small intesiinal motility that 
starts w ith the ingestion of a meal and accomplishes 
mixing of the contents in the lumen; also called digestive 
motility.

vagotomy Surgical sectioning of thc vagus nerves.

Transit time for m eals m oving íroin stomach, to small 
intestine, to large intestine is measured in hours. In 
thcse ihree com partm ents, transit occurs most rapidly 
as ingested food passes through the stoinach; the slowcst 
transit time occurs in the large intestine. Three íundamen- 
tal pattcm s o f m otility that iníluence transit o f material 
through the small intestine are the interdigestive pattern, 
the digestive pattern, and power propulsion. Each pattern 
is programmed by the enteric nervous system.

INTERDIGESTIVE M OTILITY PATTERN

T he in te rd ig es tiv e  p a t te rn  o f  sm all in te s tin a l m otility , 
called the m ig ra ũ n g  m o to r  co m p lex  (M M C ), begins 
after d ig estio n  a n d  a b s o rp tio n  o f n u tr ie n ts  arc com plete , 
ab o u t 2 —3 h o u rs  a fte r a m eal. T h e  co n trac tile  behav io r 
is d e tec ted  by p la c in g  p re ssu re  se n so rs  in  the lu m en  of 
the in te s tin e  o r by  a tta c h in g  e lec tro d e s  to the in testina l 
suríace. S ensors in  the  s to m ac h  sh o w  th e  M M C sta rtin g  
as la rg e -am p litu d e  c o n tra c tio n s  in  th e  d istal stom ach . 
The M M C in  the  s to m a c h  m ig ra tes  in to  the d u o d e n u m  
and  on  th ro u g h  the  sm all in te s tin e  to  the ileum . As it 
encls in  the  te rm in a l ile u m , th e  n ex t cycle sta rts  in  the 
stom ach.

Ai a sing le  re c o rd in g  si te in  the  in te stin e , the M M C 
p a ite rn  co n s is ts  o f th ree  co n secu tiv e  phases: (1 ) a silen t 
periocl, P hase l, w h ich  invo lves no  co n trac tile  activ ity

an d  co rre sp o n d s  to phvsio log ic  ileus, (2 ) p hase  II, 
w h ich  consists  o f irreg u la rly  o cc u rrin g  co n trac tio n s, 
an d  (3 ) p h ase  111, w h ich  consists  o f regu larly  o cc u rrin g  
co n tra c tio n s . P hase I re tu rn s  after P hase III en d s an d  the 
cycle is repea ted  after 8 0 — 1 2 0 m in u te s in h u m a n s . W ith  
m u ltip le  scn so rs  p o s itio n ed  a long  the in te stin e , slow  
p ro p ag a tio n  of the P hase II a n d  P hase III ac tiv ity  
d o w n  the  in testine  becom es ev ident.

A t any  g iven  tim e, the  M M C o ccu p ie s  a lim ited  
le n g th  o f  in testine  ca lled  the  “ac tiv ity  íro n t,” w hich  
has an  u p p e r  an d  a low er bou n d ary . T he activ ity  
íro n t slow ly  advances (m ig rates) a long  the in te s tin e  
a t a ra te  th a t p rogressive ly  slow s as the ĩro n t ap p ro ach es 
the ileum . P erista ltic  p ro p u ls io n  of lu m in a l co n ten ts  in 
the  ab o ra l d irec tio n  o ccu rs  betw een  the  oral and  aboral 
b o u n d a r ie s  o f the  ac tiv ity  fron t. T he w aves o f perista ls is  
s ta rt at the oral b o u n d a ry  and  p ro p ag a te  to the aboral 
b o u n d a ry  of the ac tiv ity  front. Successive perista ltic  
w aves s ta r t  on  average sligh tly  íu r th e r  in  the aboral 
c ỉirection  an d  p ropaga le  o n  average sligh tly  beyond  
the  b o u n d a ry  w here  the p rev io u s wave stopped . 
T h u s , the  en tire  activ ity  fro n t slow ly  m igra tes dow n 
the in te s tin e , sw eep ing  thc lu m en  cỉean  as i t  goes.

C ycling  of the M M C co n tin u es  u n til it is en d ed  by 
the  in g e s tio n  o f m ore  food. A sufficien t n u tr ie n t load 
te rm in a te s  the M M C sim u ltan eo u sly  at all levels o f the 
in te s tin e . T erm in a tio n  requ ires  the physical p resen ce  of 
a m eal in  the  u p p e r d igestive tract. T he speed  w ith  w hich  
the  M M C  is te rm in a te d  a t all levels o f the  in testine  
suggests  a n eu ra l o r h o rm o n a l m echan ism . G astrin  
a n d  ch o lecy sto k in in , b o th  of w h ich  are released  d u rin g  
a m eal, te rm in a te  the  M M C in the s tom ach  an d  u p p e r 
sm all in te s tin e  w h en  in jec ted  in travenously .

T he M M C  is o rgan ized  by  the  en teric  nervous 
system . It co n tin u es  in  the sm all in te s tin e  after in te r- 
ru p tio n  of neu ra l in p u t from  the Central n erv o u s system , 
b u t s to p s  w h en  it reach es a reg ion  of the  in testine  w here 
the  en te r ic  nerv o u s system  has b een  dam aged . P resum - 
ably, co m m an d  signals to the en teric  n eu ra l c ircu its  are 
necessary  for in itia tio n  o í the in te rd igestive  p a tte rn ; 
n ev e rth e le ss , w h e th e r  the co m m an d s are n eu ra l o r 
h o rm o n a l o r b o th  is u n k n o w n . A lthough  levels o f the 
h o rm o n e  m o tilin  inc rease  in  the b lood  at the o n se t of



the  in te rd igestive  S ta te , it is u n c lea r w hether m otílin  
triggers th e  M M C o r is re leased  as a consequence o f it.

DIGESTIVE MOTILITY PATTERN

M ixing  m ovem ents in  the sm all in testine  characterize  
the  digestive State. F eed ing  in te r ru p ts  the in terd igestive 
p a tte rn  an d  converts  sm all in te stin a l m o to r behav io r to 
a  fed p a t t e r n  c h a r a c te r is t ic  of th e  d ig e s t iv e  S ta te . The fe d  

p a tte rn  is d istingu ished  bv  p eris ta ltic  con trac tions that 
p ropaga te  for on ly  very sh o r t d istances. This activity 
o ccu rs  co n tin u o u sly  a long  the  leng th  of the in lestine. 
Because each  sh o rt segm ental co n trac tio n  does n o t 
p ropaga te  far, it je ts  the  chym e in  b o th  d irections. 
T hese co n trac tio n s, spaced  closely  toge iher as they 
are  along  the bow el, acco m p lish  m ix ing  of the lum inal 
co n ten ts  and , over tim e, n e t abora l p ro p u lsio n  of ihe 
lu m in a l con ten ts .

C om m ands tran sm itted  from  the b ra in  by the vagus 
n erves susta in  the digestive m o tility  p a tte rn  in the small 
in testine . T ran sm itted  vagal co m m an d  signals are im - 
p o r ta n t in the conversion  from  the fasting to the fed 
p a tte rn . A fter vagotom y, a la rger quan tity  o f ingested  
food is necessary  for in te r ru p tio n  o f the in terd igestive 
m o to r  pa tte rn , and  in te r ru p tio n  ()f the m igra ting  m o to r 
com plex  is o tten  incom ple te . D uring  the fed p a tte rn , 
b lockade o f im pulse  tran sm iss io n  in  the vagus nerves 
resu lts  in in te rru p tio n  of the digesiive pattern .

POW ER PROPULSION

Pow er p ro p u ls io n  is a deíensive  response to the pres- 
ence of h a rm tu l agents in  th e  in te stin a l lum en. Pow er 
p ro p u ls io n  involves s trong , lo ng -lasting  co n trac iio n s of 
the c ircu lar m uscle. T hese “g ia n t” m igra ting  con trac- 
tio tis, w h ich  p ropagate  for ex len d e d  d istances along 
the in te stin e , are co n sid erab lv  s tro n g er than  the  peri- 
s ta ltic  co n trac tio n s seen d u r in g  the  m igrating  m otor 
com plex  o r  in  the digestive m o tility  pattern . G iam  ĩĩii- 
g rating  co n tra c tio n s  last 18 — 20 seconds. They re ílect a 
h igh ly  efficient p ro p u lsiv e  m echan ism  tha t rap id ly  
s tr ip s  the lu m e n  clean  as th ey  travel over long lengths 
of in te stin e , at a rate  of ab o u t 1 cm /sec. Small in testin a l

pow er p ro p u lsio n  d iííers  from  peristaltic  p ro p u ls io n  
d u rin g  the m igra ting  m o to r com plex  an d  from  the m ix- 
ing  m ovem ents o f the digestive m otility  p a tte rn  in  tha t 
c irc u la r co n trac tio n s  in the  p ropu lsive  segm en t are 
m u ch  stronger an d  they p ro p ag a te  over m u c h  longer 
reaches of in testine.

Pow er p ro p u ls io n  occurs in  the o ral đ irec tio n  d u rin g  
em esis and  in  the anal d irec tio n  in  response  to nox ious 
stim ul.ation.in the  sm all in testin e . The p o w er p ro p u ls io n  
p a tte rn  starts in  the  m id je ju n u m  and  p ro p ag a tes  to the 
stom ach  d u rin g  em esis. w h e n  in itia ied  by  n o x io u s 
stim u la tio n , p ro p u ls io n  m ay s ta rt in the m id reg ions 
of the sm all in testin e  and  travel all the way to  ihe 
ileocecal ju n c tio n . A bdom inal c ram p in g  sensa tions 
an d  cỉiarrhea are associa ted  vvith th is  m o tility  pattern . 
A pplication  of irritan ts  to the m ucosa, the in tro d u c tio n  
o f lu m in a l parasites, e n te ro to x in s  from  pathogen ic  bac- 
leria , allergic reac tions , and  ex p o su re  to ion iz ing  radi- 
ation  aỉl trigger the pow er p rơ p u ls io n  p a tte rn  of 
m otility . This suggests th a t pow er p ro p u ls io n  is a de- 
íensive ad a p ta tio n  for rap id  c lea rance  o f undesirab le  
co n ten ts  from  the in testinal lum en. P ro p u ls io n  clears 
the  u p p er bowel as p a rt of the em etic  response and  clears 
the  low er sm all in testin e  by rap id  m o v em en t o f the 
m ateria l in to  the colon.
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apical membrane Portion of the intestinal epithelial cell 
plasma membrane facing thc intestinal lu men (the 
exterior of the body). 

basolateral membrane Portion of the intestinal epiLhelial ccll 
plasma membrane íacing the biood (ỉnterior of the 
body).

chym e Slurrv of partially digested foods and liquids that is 
ưansientỉy preseni in the intestỉnes following a meal. 

cliarrhea Frequent passage of watery Slool. 
electrolytes Charged ions, such as sodium and chloride, that 

are part of the ionic composition of body íluids. 
epithelial polarìty The property o í epithelial cell asymmetry. 

Epỉthelial cells sit at the interíace between two compart- 
ments and the cells have điíĩerent surface and ceìlular 
leatures along an imaginary axis drawn betvveen the two 
compartments.

osmolyLe A molecule that can be dissolved in a solvent (most 
com mon ly water) and thereby contribute to the total 
concentraiion of particles in the solvent, adding to the 
osmolaritv.

paracelluỉar transport Vectorial transport oí maierial 
throụgh the exlrạceìlular spaces between aclịacent 
epithelial cells. Results in net movement of material 
belvveen ihe two com partments faced by epithelial cells. 

transcellttlar transport Veciorial transport of material 
ihrough the cytosol of epithelial cells. Results in net 
movement of material between the íwo compartments 
faccd by epithelial cells. 

transepithelial transport Vectorial Lransport oí material 
across the epithelial layer, using either paracellular or 
transceỉlular routes.

T he m ajo r íun c tio n  o f the  sm all in testine  is to efficiently 
abso rb  a w ide variety  o f n u tr ie n ts  and electro ly tes from 
ingested  íoods. As a consequence o f these absorptive pro- 
cesses, w ate r is also  absorbed  and the lum enal contents 
becom e drier. To keep  the in te s tin a l chym e w ell hydrated  
(to  p rom ote  easier m ixing, in testin a l transit, and solubil- 
ity  o f  rem ain ing  n u trien ts), the  sm all in testine also 
secre tes  íìuid in to  the lum en. For th is reason, bo th  
abso rp tive  and secreto ry  p rocesses occur sim ultaneously . 
D uring  norm al in testin a l íunc tion , íluid absorp tion  ex- 
ceeds secre tion  so th a t v irtually  all of the lum enal ữ u id  
will u ltim ately  be absorbed  by the  concerted  action of 
b o th  the  sm all and  large in testines. T his is im portan t 
to  su p p ly  w ater as well as n u tr ie n ts  and electro ỉy tes to

the body. However, in  d ia rrhea l d iseases, secretory  activ- 
ity exceeds absorption . In th is  case, w ater is lo st to  the 
stool and life-threatening dehydra tion  can resu lt. The in- 
te stina l epithelium  m ediates all vectorial tran sp o rt o f sub- 
s tances betw een the body and the in testinal lum en. T his 
single layer of ep ithelial cells sits  a t the in terĩace betw een  
these tw o com partm ents and sim ultaneously  acts as a 
selective barrier to  undesirab le  lum enal con ten ts and as 
a porta l to  needed lum enal con ten ts . Each ind iv idual epi- 
thelial cell has a polarized arch itec tu re , w ith  d istinct sur- 
face ĩeatu res presen t in the m em brane íacing the  gut 
lum en (apical m em brane) versus the m em brane facing 
the b lood (basolateral m em brane). It is the specialized  
p ro p ertie s  of the in testinal ep ithelial cell m em branes 
that underlie  the ability  to  p erío rm  ihe net tran sp o rt of 
substances betw een the body and the gut lum en. The body 
dynam ically regulates the íunc tion  of p ro teins tha t m edi- 
ate these  p ropertie s and thereby  regulates the processes. lt 
shou ld  be recognized tha t ep ithelial absorptive íunc tions 
vary along the length of the sm all in testin e  from the du- 
odenum  through the ileum , re ílecting  the need to absorb  
speciíìc constituen ts  from  the lum en at speciíic locations.

IN TRO DU CTIO N

Ingested  food  m u st p ro v id e  th e  b ody  w ith  necessary  
salts, n u tr ie n ts , ílu id , an d  o sm oly tes to su sta in  life. As- 
s im iỉa ting  these m o lecu les  m u st o cc u r w ith  a h igh  level 
o f speciíìc ity  to  avoid  ab so rp tio n  o f tox ins , bac te ria , an d  
o th e r  u n d es ire d  su b stan ces  from  the  g u t lum en. It m u st 
also o cc u r in  resp o n se  to  a m eal th a t can  re q u ire  acti- 
vation  of these  abso rp tive  p ro cesses  a t an y  tim e o f  day  o r  
n igh t an d  in  response  to  a staggering lv  d iverse set o f 
foodstuffs.

To cope w ith  the  m assive a m o u n t o f a b so rp tio n  tha t 
is req ư ired  to  su sta in  the  b od y , th e  in te stin e  has evolved  
m u ltip le  stra teg ies to  in c rease  the  su ríace  area for ab- 
so rp tio n . T he sm all in te s tin e  is n o t a sm o o th  cy lind rica l 
tube , b u t ra th e r  h as  m acro sco p ic  fo lds th a t p rov ide  b o th  
en h a n ce d  su ríace  area an d  ex tra  space for d is ten s io n  
fo llow ing  en try  o f chym e. O n  a sm alle r scale, íìngerlike  
p ro jec tio n s  of tissue ex ten d  in  to th e  lu m e n  several h u n - 
d red  m ic ro m ete rs , w ith  the  ep ith e lia l cells th a t m ed iate



ab so rp tio n  lin ing  these in testina l villi. Ai a m icroscop ic  
level, the apical m em brane o f each  ep ithelia l cell has 
a b u n d a n t specia lized  m em brane  s tru c tu re s , te rm ed  
mi.crovilli, tha t are 2 to 5 ịim lo n g  finger-like p ro jec tio n s  
of the  cell m em brane in to  the lu m en . C om bined , these 
s tra teg ies increase the abso rp tive  su ríace  area ap p ro x - 
im ately  600-fold  co m p ared  to a sm o o th  cy lindrical tube  
o f the  sam e m acroscop ic  d im ensions.

T he sm all in te s tin e  is resp o n sib le  for ab so rp tio n  of 
the m ajo rity  of salts, am ino  acids, ca rb o h y d ra tes , v ita- 
m ins, and  fats. In m ost cases, these  absorp tive  p rocesses 
occu r due to the presence of m em b ran e  p ro te in s  th a t 
reside in  the p lasm a m em b ran es o f in testina l ep ithe lia l 
cells and  speciíìcally  b in d  an d  tran sp o ri desired  n u tr i-  
en ts in to  the  body . T here are  m an y  su ch  m em b ran e  
tran sp o rt p ro te in s  res id ing  in  th e  m em brane  and  
these p ro d u c ts  oí m ultip le  genes are each  selective for 
o ne  o r  a sm all g ro u p  of su b stra tes  w hose tran sp o rt they 
íacilita te. F or exam ple , the SGLT1 p ro te in  resides in  thc 
apical m em brane an d  is responsib le  for the m ajo rity  of 
g lucose and  galactose ab so rp tio n . T he  GLƯT5 p ro te in  
resides in  th e  sam e m em brane , b u t  is responsib le  for 
íruc to se  abso rp tion . D ividing the  ta sk  of ab so rp tio n  
am ong  n u m e ro u s  p ro te in s  p ro v id es a m echan ism  for 
regu la ting  the u p take  of in d iv idual c o n s titu e n ts  o f a 
m eal ( th ro u g h  reg u la tio n  of th e  rc le v an t tran sp o rte rs ) 
and  ensu res that a high level o f  speciíìc ity  for des irab le  
versus undesirab le  c o n s titu e n ts  is susta ined .

T he sm all in te stin e  absorbs b o th  w ate r-so lub le  and  
w ater-in so lub le  co m pounds. If ab so rb ed  m olecu les are 
d isso lved  in  the aq u eo u s  lu m en al flu id , then  they  ac t as 
osm olytes. T h ere íb re , the ir a b so rp tio n  has the  conse- 
q uence  of s im u ltan eo u sly  s tim u la tin g  ab so rp tio n  oí 
w ate r m olecu ỉes, because  of local d iííe ren ces in  osm o iic  
p ressu re  betvveen co m p artm e n ts  (e.g ., betw een  the 
lu m en  and  the ep ithelia l cell cy to so l). It is believed  
th a t w ater tran sp o rt m ay be en h a n ce d  by the  ac tion  
of aq u ap o rin  w ate r channels , speciíìca lly  A Q P8 an d  
AQP4 p ro te in s  isoform s. In  th is  m a n n e r, the ab so rp tio n  
o f so lu tes p ro m o te s  the ab so rp tio n  o f w a te r an d  the reby  
tends to d eh y d ra te  the lum enal chvm e. In co n trast, the 
a b so rp tio n  of vvater-insoluble fats o cc u rs  because these 
c o m p o u n d s are em ulsiíìed  by b ile  salts, co m p o u n d s  th a t 
act as so lub ilizers o f fats because  o f th e ir  d e te rg en t 
p roperties.

M ain ta in ing  h y d ra tio n  of th e  lu m e n a l chym e is es- 
sen tia l to  p ro m o te  e:fficient a b so rp tio n , a íu n c tio n  th a t 
req u ires  a w ell-m ixed  aqueous en v iro n m en t. To th is 
end , the  sm all in te stin e  also secre tes íỉu id . The secre to ry  
p rocess p resen t in  all p o rtio n s  of the sm all in te stin e  is 
ch lo ride  secretion , w h ich  p ro m o te s  an  a tte n d a n t vvater 
secretion  in to  the lum en . In a d d itio n  to h y d ra tio n  of the 
lum en , the  sec re tio n  of b ic a rb o n a te  c o n trib u te s  to the

m ain tenance of op tim al p H  values in  the  sm all in te s tin a l 
lu m en  and the sec re tio n  o f  b ioactive  p ep tid es  p ro m o te s  
deĩense from  bacteria l p a th o g en s. C o o rd in a ted  con trac- 
tions of the in testina l w all are n eeded  to b o th  m ix the 
lum enal con ten ts a n d  p ro p e l th em  d ow n  the  in testina l 
tract.

THE INTESTINAL EPITHELIUM

The in testinal ep ith e liu m  is a single layer of cells th a t 
form  a lin ing  to scpara te  th e  in te s tin a l lu m en  from  the 
body. The lin ing ac ts  in  p a r t as a general b a rr ie r  to keep  
ihe bodv  separate  from  th e  o u ts id e  w o rld  rep resen ted  by 
the lu m en , w ith  sp ec ia lized  ju n c tio n a l s tru c tu re s  to fuse 
neig h b o rin g  ep ithelia l ce lls to  each o th e r  and  seal the 
ep ithe lia l layer. E p ithe lia l Lranspori acts to  com plem en t 
th is ĩu n c tio n  by p ro v id in g  ro u tes  ío r speciíic substances 
to en te r  (or leave) the  body  via the ir transep ithe lia l 
tran sp o r t betw een  ihe lu m e n  an d  the b lood  across the 
ep ithelia l layer. T he re levan i tra n sp o rt ro u tes  are e ith e r  
th ro u g h  the ep ithelia l ce lls  ( tra n sc e llu la r  tran sp o rt)  o r 
betw een  the ep ithelia l ce lls for those substances tha t 
have a lim ited  p erm eab ility  th ro u g h  the ju n c tio n s  (para- 
ce llu la r tran sp o rt) . In e i th e r  case, ab so rbed  substances 
are delivered  d irec tly  to  th e  basal side of the ep ithelial 
layer w here d iffusion o f  w ate r-so lu b le  substances in to  
the  po rta l b lood , o r  d iffusion  o f lip id -so lub le  m ateria ls  
in to  the lym phatic  lacteals, allow s the  rap id  tran s it of 
ab so rbed  m ateria ls from  the  in te s tin a l tissue lo o th e r 
p a rts  o f the body.

T ranscellu lar tra n sp o rt req u ires  the  sequen tia l flux 
of a substance across the  ap ica l and  baso lateral m em - 
b ranes. At each step , the  invo lvem en t oí' an  in teg ral 
m em brane p ro te in  is req u ired . T here  are four classes 
o f these m em brane  tran sp o rte rs . A TPases drive a sub- 
s tance across the m em b ran e  by  tran sd u c in g  the energy 
from  the cleavage of A TP. T hese are ca lled  p rim a ry  ac- 
tive tran sp o rte rs  because they  are responsib le  for cre- 
a tin g  ion g rad ien ts  th a t can  act as a so u rce  o f energy  for 
o th e r  tran sp o rte rs . lo n -g ra d ie n t-d e p e n d e n t tran sp o r- 
ters tran sd u ce  th is  io n  g rad ie n t energy in to  the trans- 
m em brane m ovem ent of o th e r  io n s o r  so lu tes and  are 
te rm ed  secondary  active tran sp o rte rs . F acilita ted  diffu- 
s ion  tra n sp o rte rsb in d  so lu tes  o r  io n s th a t are n o t carried  
by the ATPases and  íacilita te  th c ir  eq u ilib ra tio n  across 
the  m em brane. Chann.els also d iss ip a te  g rad ien ts  across 
the  m em brane, b u t  act m ore  as gated  ion  pores in  the 
m em brane. T ran sp o rt ac ro ss  th e  apical m em brane  is the 
ra te -lim iting  step  for tran sc e llu la r  tran sp o rt of m ost 
substances and is th e re ío re  a key site for the regu la tion  
oí tran sp o rt rates.

T igh t ju n c tio n s  p rov ide the  ra te -lim itin g  step  íor 
p arace llu la r trạn sp o rt. A íier passing  th is restric tive



si te , ílu id  an d  so lu tes  p rogress th ro u g h  the to r tu ro u s  
ex tra ce llu la r  spaces bc tw een  a d jac en t ep ith e lia l ceìls.

T h e  in te stin a l ep ith e liu m  co n ta in s  a d iverse se t of 
cells, so ine o f w h ich  m ed ia te  ab so rp tiv e  and  secre to rv  
p ro cesses . Ít is generally  ag reed  th a t ce lls on  the  v illus 
a re  ab so rp tiv e  an d  cells in  the  c rv p ts  a re  secreto ry . It 
r e m a in s  ư nc lea r how  an d  w h ere  the  tra n s itio n  in  func- 
lio n  o ccu rs  along  th is  “v ertica l ax is” an d  w h e th e r  cryp t 
cells m igh t also  ab so rb  som e su b stan ces.

ABSO RPTIO N OF 
W ATER-SOLUBLE M OLECULES

T h e sm all ín te s tin e  has a large capac ity  to  abso rb  w ater- 
so lu b le  n u tr ie n ts . In a no rm al W este rn  d ie i, 4 0 —70 g oí 
p ro te in  is ingested  p e r  day, and  even  in  the  p resen ce  of 
an  a đ d itio n a l 50  g o f sec re ted  p ro te in  (m ostly  fro m  the 
p an c reas), 100%  of th is  load is a b so rb c d  from  the lu m en  
o f th e  sm all in testin e . S im iỉarly , 400  g  o f ingested  car- 
b o h y d ra te  is fully  ab so rb ed  p e r  day, In  th e  la tte r casc, it 
is k n o w n  th a t the  m ax im u m  cap ac ity  ío r  ca rb o h y d ra te  
ab so rp tio n  is ap p ro x im ate ly  1 kg/dav. T he ab ility  o f  the 
in te s tin e  to ab so rb  w ith  su ch  h ig h  efficiency is d epen - 
d e n t on  the m e ch a n ism s th a t have cvo ỉved  to efficiently  
scavenge lu m e n a l n u trie n ts .

T he sm all in te s tin e  uses a co m m o n  strategy  for ab- 
so rp tio n  o f m any  w ate r-so lu b le  m olecu les. M anv lu- 
m e nai n u tr io n ts  are p re se n ted  as p o ly m ers  tha t m ust

be d igested  by  lum enal enzvm es (e ith e r a ttached  to 
th e  ap ica l su ríace  of ep ithe lia l cells o r secreted  in to  
the  g u t lu  m en) p r io r  to  ab so rp tio n  o f their sim p ler COI1- 
stitu en ts . T h is  strategy  red u ccs  the n u m b e r of d iííe ren t 
m o lecu les  th a t m ust be  recogn ized  by tran sp o rt p ro te in s  
as ab so rb ab le  n u tr ie n ts . T ran sce llu la r tra n sp o rt is then  
in itia ted  bv  ap ica l u p ta k e  o f the  s im p le r c o n s titu e n ts  via 
e i th e r  an  io n -g ra d ie n t-d e p en d e n t o r a íacilitatecỉ diffu- 
s io n  tran sp o rte r. V itam ins are absorbed  in the  orig inal 
ingested  fo rm , since m o d iíy in g  these essen tia l íactors 
p r io r  to ab so rp tio n  w o u ld  n o t b e lp  the body. T he ab- 
so rb ed  n u tr ie n ts  w ith in  en tero cy te s  th en  com plele  th e ir  
tran sc e llu la r  ro u te  bv  leav ing  the cell th ro u g h  Eacilitated 
d iffusion  ac ro ss  the baso la te ra l m em brane.

M any m o lecu les  arc  abso rbed  by  ion-gradient-cìe- 
p e n d e n t tra n sp o r te rs  in  the  apical m em brane. M ost o f 
th ese  tra n sp o rte rs  use the  so d iu m  elec trochem ica l gra- 
d ie n t  (estab lish cd  by th e  basơ latera l N a4",K+ -ATPase) as 
th e  energy  so u rce  to d rive  ap ica l co tra n sp o rt o f so di um  
a n d  a n u tr ie n t (sugars, am in o  acids, v itam ins, b ilc  salls) 
in  to  the en tero cy te . T he advan tage o f su c h  co tran sp o rt-  
e rs  is thai th e v  can cause  a h igh  level o f in trace llu la r 
a c c u m u la tio n  o f  the n u tr ie n t, lead in g  to  efficient ab- 
so rp tio n  even  w ith  low  lu m e n a l levels o f the n u trie n t. 
E xam ples o f  ap icaì tra n sp o rte rs  for m a jo r d ie tary  nu tri-  
en ts  are sh o w n  in  T able I, follow ed by a lis ting  o f facil- 
ita ted  diEíusion ca rrie rs  th a i are also p rese n t in  the  apical 
m em brane .

TABLE I A pical M em brane A bsorptive Processes and P roteins

D riv in g  ỉori S o lu te  c la ss Substrate sp cc iíìc ity
G ene: C om m on  Symbol 

(N C BI Symbol)41

S odium Siigars G lucose, galactose SGLT1 (SLC5A1)
S odium A m ino acid s N eutral A S C II (SLC1A4)

A nionic EAAT3 (SL C 1A 1)
lmino ưncloiied

Sodium W ater-soIublé vi la m i ns Ascorbate SVCT1 (SLC23A-2)
Biotin, pantothenatc SMVT (SLC5A6)

Sodium Bi lé sa lis Bile acids, b ile  salts IBAT (SL C 10A 2)
Proton P cpũdes D ipeptides, tr ipep iides PEPT1 (SL C 15A 1)
— Sugars Fructose GLUT5 (SLC2A5)
— A m ino acid s Ca ti 0 ni c CAT1 (SL.C7A2)

4F 2H C  (SLC7A7)
Neutraỉ R BAT+ATB0 (SL C 3A 1+SL C 7A 9?)

— VVater-soluble v itam ins Polate FO L T l (SL C 19A 1)
T hiam ine T H T R l (SLC19A2)
N icotinam ide (n iacin ) Uncloned
Pyridoxam ine (Bft) U nclonecỉ

Saks Na f/H e x c h a n g e N H E3 (SLC9A3)
N H E 2 (SLC9A2)

c rm c o r exchange DRA (SLC26A3)

tìNCBI, Naiional Center for Biotcchnology Iníormation.



Table 1 also lists the re lev an t carrie rs tha t ab sorb  the 
m ajo rity  o f N aC l in  the absence of o th e r lum enal nu- 
trien ts . In  th is m echan ism , apical N a+/H + exchange 
m ed ia tes so d iu m  u p ta k e  in to  the  enterocyte. The con- 
co m itan t a lka lin iza tion  o f the  cell causes ac tiva tion  of 
C l” /H C O J  exchange in  the  sam e m em brane, w h ich  
m ed ia tes  ch lo ride  up take. Basolateral Na"f ,K+ -ATPase 
p ro m o tes  N a+ efflux from  the cell, com pleting  the trans- 
ce llu lar tran s it of N a+ . A baso lateral K V C P  co trans- 
p o r te r  (K C C 1, SLC12A4) m ed iates K+ and  c\~ efflux 
a n d  com ple tes the balance sheet o f  net NaCl abso rp tion .

M any o f the apical m em brane  p ro te in s are exprcssed  
in  a few o th e r  tissues in  a d d itio n  to the in testinal epi- 
the lium . In  con trast, b aso la lera l m em brane tran sp o rte rs  
are  o íten  b road ly  d is trib u ted  in  the body. ĩn  ad d itio n  to 
the  íu n c tio n  of allow ing  m olecu les to com plete  the ir 
tran sce llu la r transit, su ch  p ro te in s  are also u tilized  fre- 
q u en tly  (by m any cell types) for norm al hom eosta tic  
processes. F or in stance, the  ub iq u ito u s N a 1 ,K 1 -ATPase 
is responsib ỉe  for cc llu lar Na h an d  K+ hom eostasis. It is 
exp ressed  in  the baso lateral m em brane o fin te s tin a l epi- 
thelia l cells, w here  it is also responsib le  for the fìnal step  
of tran sce llu la r sod iu m  abso rp tion .

The m aịo r regu la to r o f n u tr ie n t ab so rp tio n  is  lư- 
m enal availability . A lthough  second  m essengers m ay 
m odestly  increase o r decrcase the  transpo rt ra te via ab- 
so rp tive  tran sp o rte rs , it is rare  10 íincl a norm al physi- 
ologic State in which absorption of proteins and 
ca rb o h y d ra tes  has been  com pro in ised  to the ex ten t 
th a t the n u tr ie n ts  are  no t íu lly  absorbed  hy thc en d  of 
th e  sm all in testine . T his does no t ind icate tha t abso rp - 
tio n  succeeds u n d e r all cond itions. T here are a n u m b e r 
o f discase sta tes in  w h ich  absorp tive processes are com - 
p ro m ise d  d irec tly  o r net ab so rp tio n  is b lu n ted  bv  the 
s tim u la tio n  of secretory  processes.

ABSORPTION OF 
FAT-SOLUBLE MOLECULES

T he m ajo r d ie tary  lip ids are triacylglycerols (9 0 —95% ) 
w ith  the rem a in d er b eing  free an d  esteriR ed cho lestero l, 
ste ro ls, an d  p h ospho lip id s . Sm all am oun ts (m ic rog ram s 
to  m illig ram s per day) o f fat-so luble v itam ins (v itam ins 
A, D, E, and  K) are  also in  the diet. U nlike sa lts and 
so lu tes, fats are n o t ingested  in a convenien t ío rm  for 
dig.es tion  or abso rp tion . M ost lip ids are w ater-in so lub le , 
b u t ab so rp tio n  m u st o ccu r via an  aqueous en v iro n m en t 
in  the lume-n. T he so lu tio n  is to transío rm  fats in to  
w ate r-so lu b le  s tru c tu re s  th ro u g lì em ulsiíìca tion  w ilh  
am p h ip a th ic  m olecu les (d ie ta rv  pro teins, fatty acids, 
an d  bile acids secreted  in to  the gut ỉum en bv the liver 
an d  gallb ladder), follow ed bv d igestion  Via lipases se- 
cre ted  from  the p ancreas (m ajo r source), tongue , and

stom ach . The finely em ulsiíìed  fat d rop le ts  th e n  spon- 
taneously  b reak  dow n in to  4 to 7 nm  d iam ete r struc- 
tu res, m icelles, w ith  bile sa lts positioned  at th e  suríace 
and  hy d ro p h o b ic  co res th a t ac t as a sink  for the 
w ater-inso lub le  P roduc ts  o f  lipolysis (e.g., fatty acids, 
n ionoglycerides, and  ch o leste ro l) as well as fat-soluble 
v itam ins.

At the m ucosal su ríace, lip id s  diffuse ou t o f the m i- 
celles, so th a t a sa tu ra ted  aq u eo u s  so lu tion  of the lip ids 
is m ain ta ined  in  co n tac t w ith  the  b ru sh  b o rd e r  of the 
m ucosal cells. These lip o p h ilic  substances en te r  the in- 
testinal ep ithe lia l cell by d iffusion  ac.ross the  plasm a 
m em brane. A bso rp tion  o f lip o ly tic  p ro d u c ts  is g reatest 
in the u p p er (p rox im al) p a rts  o f the sm all in tesiine, bui 
appreciable am o u n ts  are also  absorbed  in  the  ileum . 
O nce lip ids have diffused from  the m icelles, bile acids 
are absorbed  in  the clistal ileum  and  recycled  for an o th er 
ro u n d  of fat ab sorp tion .

The fate o f the íatiy  ac id s in  en terocy tes depends on 
the ir size. F atty  acids w ith  less than  1 0 - 1 2  carbon 
atom s (and  som e fat-so luble v itam ins) tran s it th rough  
the ep ith e liu m  d irec tly  in to  ihe  p o rta l b lood  un- 
m odiíìed . L onger-chain  FFA an d  raonoglycerides are 
taken  up  by the  endop lasm ic  re ticu lum  and  m etabol- 
ically rebu ilt in to  trig lycerides. T hese in trace llu ìa r lip- 
ids are th en  packagcd  in  0 .5  to  1.0 ỊiiT i diaiĩieter 
particles te rm ed  chy lo m icro n s. The hyd rophob ic  
core of chy lom icrons co n ta in s  trig lycerides, cholesterol 
esiers, and  fat-soluble v itam ins. C hy lo m icro n s are car- 
ried  in secreto rv  vesicles to the  baso la tera l m em brane 
w here they  arc expelled  via exocytosis in to  in ter- 
ce llu lar spaces at the basal p o le  o f the in testinal epi- 
thelial cell. T hese large partic les  can n o t enter 
capillaries an d  instead e n te r  lacteals an d  a re  carried  
in  lym phatics to the su p e rio r  vena  cava via the thoracic 
duct. T hey  are  then  iran sp o rte d  via system ic b lood to 
sites o f sto rage o r u tiliza tion .

SECRETION

T ransceỉlu lar secretion  o f ch lo rid e  is the  m ain  process 
leading to  fluid secretion  in  th e  n o rm al sm all in testine. 
C hloride en te rs  en tero cy tes  at the baso lateral m em - 
b rane via the  e lec troneư tra l N íV /K  f/2cr~ co tran sp o rie r 
(gene N K C C 1, SLC12A2) an d  th en  C l"  ex its  the entero- 
cyte via ch lo rid e  channels in  the  apical m em brane. The 
p ro d u c t o f the cystic íìb ro sis  gene, CFTR (ABCC7), 
encodes one an ion  channel in  the apical m em brane, 
b u t o th er channels  m av also  bc im p o rtan t. T ranscellu lar 
ch lo ride secre tio n  m oves a net charge across the epi- 
thelial iayer, so lo m ain ta in  ce llu la r e lec lroneu tra lity , 
po tassium  ch an n e ls  in  the baso la te ra l m em brane  allow 
for charge co m p en sa tio n  th ro u g h  K + efflux. S im ilarly, it



is believed th a t Na* follow s ch lo rid e  passivcìv  bv para- 
ce llu la r flux th ro u g h  tigh t ju n c tio n s  to m a in ta in  elec- 
tro n eu tra lity  betw een  lu m en al an d  serosal 
co m p artm en ts . W ate r is secre ted  in  resp o n se  to the 
n e t m ovem en t o f o sm oly tes (N aC l) in to  th e  lum en.

C h lo ride  sec re tio n  can b e s tim u la ted  by increases in  
ce llu la r  cyclic AMP, cyclic G M P, o r calc ium . A n u m b er 
o f m em brane rec ep to rs  íbr h o rm o n es  are expressed  in 
th e  baso la tera l m em b ran e  o f  en terocy tes, w h ich  lead to 
physio log ic changes in  these second  m essengers to m eet 
w ith  th e  dem ands o f ab so rb in g  d iffe ren t n u tr ie n ts . T he 
ta rge t of regu la tion  by  cyclic n u cleo tid es  ap p ears  to be 
th e  apical C FTR  channel. ĩn c reased  in tra ce llu la r  caỉ- 
c iu m  p red o m in an tly  inc reases  the  ac tiv ity  of the 
b aso la te ra l K+ channel, w h ich  s tim u la tes  secretion  
th ro u g h  keep in g  the  celỉ h y p erpo la rized  (p ro m o tin g  
g rea te r  efflux o f th e  c r an io n ) and  recycling  K " at 
th e  baso lateral m em brane.

B icarbonate is secre ted  by  the cluodenal ep ith e liu m  
to heỉp  neu tra lize  the  acid ic chyn ie en te r in g  the sm all 
in te s tin e  Irotn the stom ach . B icarbonate secretion  also 
takes p lace in  the ileum  and  co lon , b u t its physiologic 
ro le  in  these sites is less c lear s ince p an c rea tic  b icarbon- 
a te sec re tio n  p rov ides the rem a in in g  alkali needed  to 
n cu tra lize  lum enal acid. ỉn  ihe  d u o d en u m , b icarbonate  
is secre ted  bỵ  tran sce llu ỉa r m echan ism s. C arbon ic  
anhyclrase ac ts on  in tra ce llu la r  C 0 2 (Corning from  e ith e r 
b aso la tc ra l u p ta k e  o r  ce llu la r m etabo lism ) to p ro d u ce  
in tm c d lu la r  H C O 3 an d  a p ro to n . T he p ro to n  leaves the 
cell via baso la tera l N a +/H 4 exchange and  b icarbonate  
leaves the d u o d en a l cell c ith e r  by C l“ /H C O f  exchange 
o r  via CFTR channels. T his vec to ria l ílux  o f  alkali p ro - 
du ces an  a lka line  sh iít in  p H  at the  lum en  o r a t a m in- 
im u m  serves to  n eu tra lize  lum enal acicl w h cn  HCOị" 
an d  H + co m b in e  to  form  C O 2 an d  w ater. S im ilar to 
reg u la tio n  o f ch lo rid e  sec re tio n , cyclic n u c leo tid es  stim - 
ư late b icarb o n ate  se c re iio n  th ro u g h  en h an cin g  
C FTR  activity.

DISEASES OF ABSORPTION  
A N D  SECRETION

O sm o tic  D ia rrh e a

W ate r flow s in  resp o n se  to  tran sep ith e lia l m ove- 
m en t o f osm oly tes, in  d irec t response to  o sm otic  g radi- 
ents. lf  foodstuffs th a t c a n n o t be ab so rbed  by the 
in te s tin a l ep ith e liu m  are  ingested , th en  they ac t as an  
osm otic  sponge  to pu ll w ate r in to  the  lum en . T his is the 
m ech an ism  of ac tio n  o f laxatives and  is the m echan ism  
u n d erly in g  m any d iseases o f ab so rp tio n  an d  secre tion  
(see below ). It sh o u ld  be n o ted  th a t such  osm otic  d iar- 
rhea can also bc p ro d u ce d  in  response to  ingesting

m assive am o u n ts  o f m ateria l th a t exceed the  absorp tive  
capacity  o f the in testine .

ln íe c t io u s  D ia rrh e a

D iarrhea  caused  by  b ac te ria  an d  o th e r  p a th o g en s  is 
responsib le  for 5 m illion  d ea th s  p er year w orldw ide. 
M any m icroo rgan ism s p ro d u ce  en te ro to x in s  th a t in te r- 
fere w ith  the  seco n d -m essen g er pathw ays in  en tero - 
cytes. C holera tox in  (from  Vibrio choỉera) b in d s  to 
GM1 gangliosides on  the  ap ica l surface oí' in testina ỉ 
ep ithe lia l cells a n d  sim ụ la tes  a su s ta in e d  increase  in  
in tra ce llu la r  cyclic AMP. T h is d irec tly  in h ib its  e lec tro - 
n eu tra l N aC l ab so rp tio n  an d  s tim u la tes  ch lo rid e  secre- 
tion. T raveler’s d ia rrh ea  is caused  by StA tox in  
(Escheríchia  co /í), w h ich  b in d s to  guany lin  recep to rs  
on  in testina l ep ith e lia l ce lls and  increases cyclic 
GM P, resu ltin g  in  the s tim u la tio n  o f ch lo ride  secretion .

D isa c c h a rid e  In to le ra n c e

T he re is a co m m o n  gene tic  variab ility  in  levels o f 
lactase, an  enzym e in the  ap ica l m em brane  of en tero - 
cytes th á t is resp o n sib le  for th e  d igestion  of carbohy- 
d rates. T here  can also be a g en e tic  su c ra se—isom altase 
deB ciency. Lack o f these d isacch arid ase  cnzym es w ill 
cause osm otic  d ia rrh ea  w hen  p a tien ts  ingesl carbohy- 
clrates. T h is is becaư se on ly  m o n o sacch arid es can  be 
abso rbed  by en terocy tes. T he u n d ig estcd  d isaccharides 
th u s  rem ain  in  the  lum en .

C eliac  D isease

Celiac disease is a gene tic  d iso rd e r  causing  a  sensi- 
tivity  to g lu ten : a w a te r-in so lu b le  p ro te in  found  in cer- 
ta in  cereal g rains, no tab ly  w h ea t. In  resp o n se  to  g lu ten , 
the sm all in te stin e  u n d erg o es  loss o f villi, dam age to  
rem ain ing  ep ỉthe lia l cells, an d  c ry p t hyperp lasia . D ue 
to  the d ram atic  loss o f ab so rp tiv e  cells o n  the villi and  an 
ab u n d a n ce  o f sec re to ry  cells in  the cryp t, the disease 
resu lts  in  d ia rrh ea  and  n o n sp ec iíic  n u tr ie n t m alabsorp- 
tion. T he u n d e rly in g  cause o f th e  reac tio n  to g lu ten  is 
unknow n .

G e n e tic  D e íe c ts  in  C l~  S e c re tio n

Cystic íìb rosis is an  au to so m al recessive disease 
causing  deỉective in te s tin a l tra n sp o r t th ro u g h  m ư ta tio n  
o f t he CFTR gene a n d  p ro te in . Hu m an  m u ta tio n s  in  
CFTR cause deĩec tive c\~ se c re tio n  e ith e r  by d im in ish - 
ing  the am o u n t o f CFTR p ro te in  in  the  m em b ran e  o r by 
decreasing  cr  ch an n e l o p en ing . C ystic Rbrosis causes 
in testinal o b s tru c tio n  a n d  m e co n iu m  ileus in  n ew borns, 
d ue  to  poorly  h y d ra ted  lu m e n a l con ten ts .



Table I also lists the re levan t carrie rs tha t abso rb  the 
m ajo rity  o f  N aC l in  the absence of o th e r  lum enal nu- 
trien ts. In  th is m echan ism , apical N a +/H + exchange 
m ediates so d iu m  up take  in to  the en terocyte. T he con- 
co m itan t a lka lin iza tion  o f the  cell causes ac tiva tion  of 
C P /H C O ã - exchange in  the sam e m em brane , vvhich 
m ediates ch lơ rid e  up take. Basolateral N a+ ,K+ -ATPase 
p ro m o tes  N a+ efflux from  the cell, com ple ting  the trans- 
ce llu lar tran s it of N a+ . A basolateral K+/C1~ co trans- 
p o rte r  (K C C 1, SLC12A4) m ediates K+ and  C l~ efflux 
an d  com pletes the balance sheet o f net N aCl abso rp tion .

M any o f the  apical m em brane p ro te in s are expressed  
in  a few o th e r  tissues in  ad d itio n  to the in testin a l epi- 
thelium . In c o n tra s t,b a so la te ra l m em brane tran sp o rte rs  
a re  o ften  b road ly  d is trib u ted  in the body. In  ad d itio n  to 
the íu n c tio n  of allovving m olecules to  com plete  ihe ir 
transce llu la r transit, such  p ro te in s  are also u tilized  fre- 
q uen tly  (by m any cell types) for no rm al hom eosta lic  
processes. F o r instancc, the  u b iq u ito u s Na f ,K 1 -ATPase 
is responsib le  for ce llu lar N a + an d  K+ hom eostasis. lt is 
expressed  in  the baso lateral m em brane o f in te s tin a l epi- 
thelia l cells, w here  it is also responsib le for the final step 
o f tran sce llu la r sod ium  absorp tion .

The m ạịo r regu la to r of n u irien t ab so rp ù o n  is lu- 
m enal availability . A lthough  second  m essengers may 
m odestly  increase o r decrease ihe tran sp o rt ra te  Via ab- 
so rp tive  tran sp o rte rs , it  is rare to find a no rm al physi- 
o lo g ic  S ta te  i n  w h ic h  a b s o r p i io n  o f  p r o te in s  a n d  

ca rb o h y d ra tes  has been com prom ised  to  the  ex tern  
th a t the n u tr ie n ts  are no t fully absorbed  by the en d  of 
the sm all in testine . This does no t ind icate  tha t absorp- 
tio n  succeeds u n d er all cond itions. T here are a nu m b er 
of d isease sta tes in  w hich  absorp tive p rocesses are com - 
p ro m ise d  d irec tly  o r n e t ab so rp tio n  is b lu n te d  bv  the 
stim u la tio n  o f  secreto ry  processes.

ABSORPTION OF 
FAT-SOLUBLE MOLECULES

T he m a jo r d ie ta ry  lip ids are triacylglycerols (9 0 —95% ) 
w ith  the  rem a in d e r being  frec ancl esteriÊed cho lestero l, 
s te ro ls, an d  p h o sp h o lip id s . Small am o u n ts  (m icrogram s 
to  m illig ram s per day) of fat-soluble v itam ins (v itam ins 
A, D, E, an d  K) are also in  thc dict. U nlike sa lts  and  
solu tes, fats are not ingested  in  a conven ien t fo rm  for 
d igestion  or ab so rp tion . M ost lip ids are w ater-in so lub le , 
b u t ab so rp tio n  m ust occu r vỉa an  aqueous en v iro n m en t 
in  the lu m en . The so lu tio n  is to transío rm  fats in to  
w ate r-so lub le  s tru c tu re s  th ro u g h  em ulsiR cation  w ith 
am p h ip a th ic  m olecu les (d ie tary  p ro te in s, fattv acids, 
an d  bile acids secreted  in to  the gut lum en  by the liver 
an d  g a llb ladder), follow ed by d igestion  Via lipases se- 
cre ted  from  the pancreas (m ajo r sou rce), tongue , and

stom ach . T he íinely  em ulsiíìed  fat d ro p le ts  th e n  spon - 
taneously  b reak  d o w n  in to  4 to 7 nm  d iam ete r struc- 
tu res, m iceỉles, w ith  b ile  salts positioned  a t the su ríace  
and  h v d ro p h o b ic  co re s  th a t act as a s in k  for the 
w ate r-in so lub le  P ro d u c ts  of lipolysis (e.g ., fatty  acids, 
m onoglycerides, a n d  cho lestero l) as w ell as fat-so lub le 
v itam ins.

At the m ucosal su ríace , lip ids diffụse ou t of the mi- 
celles, so th a t a sa tu ra te d  aqueous so lu tio n  of the lip ids 
is m ain ta in ed  in  c o n tac t w ith the b ru sh  b o rd e r  o f the 
m ucosal cells. T hese lipoph ilic  substances en te r  th e  in- 
testina l ep ithelia l ce ll by  diffusion across the p lasm a 
m em brane. A b so rp tio n  o f lipo ly tic  p ro d u c ts  is g reatest 
in  the lip p e r (p ro x im al) p a rts  of the sm all in te s tin e , but 
appreciab lc  a m o u n ts  are also absorbcd  in the ileum . 
O nce lip ids have d iffused  írom  the m icelles, b ile  acids 
are absorbed  in ihe  d ista l ileum  and  recycled  for a n o th er  
ro u n d  o f fat ab so rp tio n .

The fate o f the  fatty  acids in cn terocy tes  d ep e n d s  on 
th e ir  size. F atty  ac id s  w ith  less than  10—12 carbon  
a tom s (an d  som e fat-so luhle v itam ins) tran s it th rough  
the  ep ith e liu m  d irec tly  in lo  the p o rta l b lood  un- 
m odiíìed . L on g er-ch a in  FFA and  m onog lycerides are 
taken  u p  by the endop lasm ic  re ticu lu m  and  m etabol- 
ically rebu ilt in to  trig lycerides. These in trace llu la r lip- 
ids are th en  packaged  in  0.5 to 1.0 |im  d iam eter 
partic les te rm ed  chy lom icrons. T he h y d rophob ic  
core of ch y lo m ic ro n s co n ta in s  trig lycerides, cho lestero l 
esters, and  la t-so lub le  viiam ins. C hy lom icrons are car- 
ried  in secreto ry  vesicles to  the  baso la tera l n icm brane 
w here  they are expe lled  via exocytosis in to  in ter- 
ce llu la r spaces at th e  basal pole of th e  in te s tin a l epi- 
theliaì cell. T hese  large partic les can n o t en ter 
cap illaries an d  in s tead  en ter lacteals an d  are carried  
in  ly m p h a tic s  to th e  su p e rio r  vena cava Via the  tho rac ic  
duct. T hey are th e n  transpo rted  via system ic b lo o d  to 
sites of sto rage o r  u liliza tion .

SECRETION

T ran sce ĩlu lar se c re tio n  o f ch lo rid e  is the m ain  process 
lead ing  to ílu id  sec re tio n  in the no rm al sm all in testine. 
C h lo ride  en ters  en terocy tes  at the b aso la te ra l m eni- 
b rane  via the e lec tro n e u tra l N a+/K ^/2C 1_ co tra n sp o r.e r  
(gene N K C C 1, SLC12A 2) and then  Cì~  ex its ihc  entero- 
cyte via c h lo tid e  ch an n e ls  in  the ap ical m em brane . The 
p ro d u c t o f the cystic  Sbrosis gene, CFTR (AB CC7), 
encodes one an io n  channel in the ap ical m em brane, 
b u t o th e r  ch an n e ls  m ay also be im p o rtan t. T ranscellu .ar 
clìlo ride secre tio n  m oves a net charge across th e  epi- 
thelial layer, so to m ain ta in  ce llu lar e lec troneu tra lity , 
p o tassium  ch a n n e ls  in  the baso lateral m em b ran e  allow 
for charge c ò m p en sa tio n  th ro u g h  K + efflux. S im ila rh , it



is believed th a t Na"1" follow s ch lo ride  passively by  para- 
ce llu la r flux th ro u g h  tig h t ju n c tio n s  to m a in ta in  elec- 
tro n e u tra lity  b e tw een  lu m en a l an d  serosa l 
co m p artm e n ts . W ate r is secreted  in  response to  the  
n e t m o v em en t of o sm oly tes (N aC l) in to  the lum en .

C h lo rid e  secre tion  can  be s tim u la tcd  by increases in  
ce llu la r cyclic AMP, cyclic GM P, o r  calcium . A n u m b e r  
o f m e m b ran e  recep to rs  for h o rm o n es  are exp ressed  in  
the  b aso la te ra l m em brane  of en terocy tes, w h ich  lead  to 
physio log ic  changes in  these second  m essengers to  m ee t 
w ith  th e  clem ands o f ab so rb in g  d iffe ren t n u trien ts . T he 
ta rge t o f  reg u la tio n  by cyclic nucleo tides  appears  to be 
the  ap ical C FTR  channel. Incrcased  in trace llu la r cal- 
c iu m  p red o m in a n tly  increases the activ ity  oí the 
baso la tera l channel, w h ich  stim u la tes se c re tio n  
th ro u g h  k eep in g  the  cell h y perpo la rized  (p ro m o tin g  
g rea ter efflux o f the cl~ an io n ) an d  recycling  K + a t 
the baso la tera ỉ m em brane.

B icarbonate  is sec re ted  by the  d u o d en a l ep ith e liu ra  
to  help n eu tra lize  the  acid ic  chym e en te rin g  the sm all 
in ie stin e  fro m  the stom ach . B icarbonate secre tio n  also  
takes p ỉace  in  the ileu m  and  co lon , b u t its  physio log ic  
ro le  in  these  sites is less c lear since  pancreatic  b icarb o n - 
ate sec re tio n  p rov ides the  rem a in in g  alkali n eed ed  to 
n eu tra lize  lu m e n a l acid. in  the d u o d en u m , b ic a rb o n a te  
is secre ted  by tran sce llu la r m echan ism s. C a rb o n ic  
an h y đ rase  ac ts  on  in trace ilu la r C 0 2 (com ing  from  e ith e r  
baso la tera l u p take  o r  ce llu la r m etabo lism ) to  p ro d u c e  
iniiaeelIulaL H C O 3 an d  a p ro to n . T he p ro to n  leaves the  
cell vía baso la te ra l N a+/H + exchange and  b ic a rb o n a te  
leaves the  d u o d en a l celỉ e ith e r  by CI 7 H C O 3" exchange  
o r via C FTR  ehannels. T h is v ec to ria l ílux of alkali p ro - 
duces a n  a lk a lin c  shift in  pH  a t the  lu m e n  or at a m in- 
im um  serves to neu tra lize  lum enal acid  w hen  HCOị* 
an d  H+ co m b in e  to  form  C O 2 an d  w ater. S im ilar to  
reg u la tiò n  o f ch lo ride  secre tio n , cyclic n u c leo tid es  s tim - 
u la te  b ica rb o n a te  secre tio n  th ro u g h  en h a n c in g  
CFTR activ ity .

D ISE A SE S O F A B SO R PT IO N  
A N D  SE C R E T IO N

Osmotic Diarrhea

W a tc r flow s in  response to  tran sep ith e lia l m ove- 
m c n t o f osm oly tes, in  d irec t resp o n se  to osm otic  g rad i- 
ents. If foodstuffs that c a n n o t be absorbed  by  the  
in ie stỉn a l ep ith e liu m  are  ingested , th en  they  ac t as a n  
o sm otic  sp o n g e  to pu lỉ w ate r in to  the  lum en . T h is is the  
m ech an ism  o f ac tion  o f laxatives an d  is the rae ch an ism  
u n d e rly in g  m anỵ  diseases of ab so rp tio n  and  se c re tio n  
(sce below ). ít shou ld  be  n o te d  th a t su ch  osm otic  d ia r-  
rhca  can  a lso  be p ro d u ce d  in  response to in g estin g

m assive a m o u n ts  o f  m a te ria l th a t exceed  the  abso rp tive  
cap ac ity  o f  the in te stin e .

Iníectious Diarrhea

D iarrh ea  cau sed  by b ac te ria  an d  o th e r  p a th o g en s  is 
re sp o n s ib le  for 5 m illio n  d e a th s  p e r  year w orldw ide. 
M any m ic ro o rg a n ism s p ro d u c e  en te ro to x in s  th a t in te r- 
fere w ith  the se co n d -m essen g e r pathw ays in  en te ro - 
cytes. C h o le ra  to x in  (fro m  Vibrio choìera) b in d s  to 
GM1 g an g lio sid es  o n  the  ap ical su ríace  o f in te s tin a l 
ep ith e lia l cells a n d  s im u la te s  a su s ta in e d  increase  in  
in tra c e llu la r  cyclic AMP. T h is d irec tly  in h ib its  e lec tro - 
n e u tra l N aC l ab so rp tio n  a n d  s tim u la te s  ch lo rid e  secre- 
tion . T rav eler’s d ia rrh e a  is cau sed  by StA tox in  
(Escherichia  coỉí), w h ich  b in d s  to  g u any lin  recep to rs  
o n  in te s tin a l ep ith e lia l ce lls an d  increases cyclic 
G M P, re su ltin g  in  the s tim u la tio n  o f ch lo rid e  secretion .

Disaccharide lntolerance

T h e re  is a co m m o n  g en e tic  variab ility  in  levels of 
lactase, an  enzym e in th e  ap ica l m em b ran e  of en tero - 
cytes th a t is resp o n sib le  for th e  cligestion o f ca rbohy - 
d ra tes. T h ere  can also  be a g en e tic  su c ra se —isom altase 
deíìc iency . Lack o f  these  d isacch arid ase  enzym es will 
cause  o sm o tic  d ia rrh e a  w h en  p a tien ts  ingest carbohv- 
d ra tes. T h is  is becaư se o n ly  m o n o sa cc h arid e s  can  be 
ab so rb e d  by  en tero cy te s . T he undigesiecl d isaccharides 
th u s  re m a in  in  th e  lum en .

Celiac Disease

C eliac  d isease  is a g en e tic  d iso rd e r  causing  a sensi- 
tiv ity  to  g lu ten : a w a te r-in so lu b le  p ro te in  found  in  cer- 
ta in  ce rea l g ra ins, n o ta b ly  w hea t. In  resp o n se  to g lu ten , 
the  sm a ll in te s tin e  u n d e rg o e s  loss o f villi, d am age to 
rem a in in g  ep ith e lia l cells, an d  crỵ p t hyperp lasia . D ue 
to  the  d ram a tic  lo ss  o f ab so rp tiv e  cells o n  the villi an d  an  
a b u n d a n c e  of se c re to ry  ce lls in  the  c ryp t, the d isease 
resu lts  in  d ia rrh e a  an d  n o n s p e c iík  n u tr ie n t m alabsorp - 
tion . T h e  u n d e r ly in g  cause  o f the  rea c tio n  to g lu te n  is 
u n k n o w n .

Genetic Defects in Cl_ Secretion

C ystic  H brosis is an  au to so m a l recessive disease 
cau sin g  deíec tive  in te s tin a l tra n sp o r t th ro u g h  m u ta tio n  
o f th e  C FTR  g en e  an d  p ro te in . H u m an  m u ta tio n s  in  
C FTR  cause  d e íec tiv e  C l~ se c re tio n  e ith e r  by d im in ish - 
ing  th e  a m o u n t o f C FTR  p ro te in  in  the m em b ran e  or bv 
d ec reas in g  cl_ c h a n n e l o p en in g . C ystic fibrọsis causes 
in te s tin a l o b s tru c tio n  an d  m e co n iu m  ileu s  in  n ew borns, 
d u e  to  p o o rlỵ  h y d ra te d  lu m e n a l co n ten ts .



Genetic Defects in C1 Absorption

C ongenita l ch lo ride d ia rrh ea  (CLD) is an  extrem ely  
rare, recessive, au tosom al genetic d iso rder that p ro - 
d u ces C l“ -rich , acid ic d ia rrh ea  com m encing  at b irth . 
T he tran sp o rt defect is lim ited  to the ileum  and  colon. 
T he gene th a t causes congen ita l ch lo ride d ia rrh ea  (DRA, 
SLC26A3) encodes a transm em brane  p ro te in  that can 
p e río rm  C P /H C O ^  exchange w hen the p ro te ỉn  is no r- 
m al, b u t can n o t tran sp o rt Cl~ w hen  DRA con tains m ư- 
ta tio n s found  in  pa tien ts suffering  from  CLD.

Genetic Deíects in Na+-Dependent 
Sugar Absorption

G lu co se—galactose m alabso rp tion  is a rarc, autoso- 
m al recessive d iso rd er in  w hich  N a r -coupled  u p tak e  of 
g lucose an d  galactose is deíectíve. Sugar ingestion leads 
to o sm otic  d ia rrhea , w h ich  can  be treated  by e lim inating  
g lucose an d  gálactose from  the diei. M utations in the 
SGLT1 p ro te in , m ed iating  N a+ -depenđem  sugar up lake 
a t the ap ical m em brane, have b een  show n to bc the basis

for a l least a p o r tio n  of g lu co se—galactose m alabso rp - 
tio n  cases.
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enteric nervous system N eu ra l e le m e n ts  d istr ib u ted  Nvithin 
th e  w a lỉ o f  the d ig estiv e  tract and orga n ized  in tw o  
p lex u ses:  m y en ter ic  and  su b m u co sa l. T h is  System can  
íu n c t io n  in d e p e n d e n tly  o f  the Central n erv o u s sy stem , to 
co o rd in a te  gastro in testin a l íu n ctio n , or can  in teract w ith  
the extrinsic nervous systcm, acùng as the Pirst level of 
in teg ra tio n .

en terocytes M ajor ce ll type in the im estinal cpitK elium . 
T h ese  ta ll and  co lu m n a r  c e lls  are h igh lv d iíĩercn tia ted  to  
íuirill absorptive and secreiorv íunctions and also form a 
barrier against p en etra tio n  o ỉ bacteria and d ietarv  
a n tig e n s  in t o the m ucosa . 

m ucosa Layer o f  the sm all in te s t in e  in co n ta c l w ith  the  
lu m in ạ l co n ten ts . lt is ĩorm cd  bv up\vard “villus"  
p r o je c tio n s in to  the  lu in e n  su rroun tled  bỵ  d ow n w ard  
“crvpt” invaginat ions.

m u sc u la r is  e x te m a  S m o o ih  m u sc le  laver su r r o u n d in g  the  
m u c o sa  a n d  su b m u co sa . u  is c o m p o se d  oỉ an in n er  
c ircu lar  a n d  ơ u ter  lo n g itu d in a l laver, w h ic h  íu n c tio n  in  
c o o r d in á ũ o n  to  p rop eỉ and  m ix  lu n iin a l c o n ie n ts . 

P e y e r s  p a lc h e s  O rga n ized  ìy m p h o id  a g g reg a ies d ìsse m i-  
nated  a lo n g  the  sm alỉ in te s t in e  in the m u c o sa  and  
su b m u co sa ; co n ta in  íu n ctio n a l T and  B Iv m p h o cv tes  as 
vveĩl as sp ec ia lize d  ep ith e lia l m icro ío ld  c e lls , w h ic h  
sa m p le  lu m in a l a n tig e n s  and  bacteria.

T h e sm a ll in te stin c  is  a c o n v o lu te d  tu b e  ra n g in g  from  3 to  
9 m  in  len g th , d e p e n d in g  on th e  to n e  a n d  the d eg ree  o í  
str e tc h  in d u c e d  d u rin g  m ea su rem en t. It e x te n d s  from  the  
p y lo r u s  to  thc large in te s t in e  at th e  ile o c e c a l ju n c t io n . Ít is 
c la s s ic a lly  d iv id e d  in to  threc s e g m e n ts , th e  d u o d en u m ,  
jẹ ju n u m , and ileu in . A lth o u g h  reg io n a l d iffe re n c es  e x is t



w ith in  th c  sm a ll in te s t in c , th e  g en era l s tru c tu re  is  s im ila r  
th r o u g h o u t its  len g th .

GROSS ANATOM Y

T he fo llow ing  d iseussions focus on  th e  an a to m y  and 
h isto logy  of tw o segm en ts o f the sm all in te s tin e , the 
je ju n u m  an d  the  ileum .

External and Internal Appearance

T he je ju n u m  s ta rts  r ig h t after the  d u o d en o je ju n a l 
ílexure , a co n íìg u ra iio n  th a t is su p p o rte d  by  a Rbrom us- 
cu la r b an d , ihe  ligam en t of T re itz , w h ich  is a ttach ed  to 
ihe  d iap h rag m . The jẹ ju n u m  and  ileum  lie in coils in the 
ab đ o m in al an d  pelvic cavities, su sp e n d e d  in  a fan- 
sh ap ed  m a n n e r  by the  m esen tery , from  the  p oste riơ r 
ab d o m in a l w all. T he d is tan ce  from  the p o s te rio r  abdom - 
inal w all to  the  in te s tin a l w all varies from  ab o u t 15 to 
20 cm , in c reasin g  d istally . T h is  a rc h itec tu re  allow s each 
coil to ac co m m o d aie  to ch an g es in  form  and  position . 
T he je ju n u m  and  ileum  are n o t  separa ted  by  any d is tin c i 
an a to m ic  la n d m ark , b u t several íea tu res  becom e grad" 
ua llỵ  m o re  ap p a re m  from  p ro x im a l to  d ista l. C lassically, 
th e  p ro x im a l 40%  o f the  m ob ile  sm all in te stin e  is desi- 
gn a ied  as th e  je ju n u m  and  th e  d istal 60%  as the ileum .

The in te rn a l su ríace  of the je ju n u m  and  p rox im al 
ilcum  sh o w s n u m ero u s  iransverse  ío lds (th e  plicae 
c ircu lae , o r  valves o f K erchk ring ). T hese  m ucosal and 
su b m u co sa l ío lds are p e rm a n e n t s tru c tu re s , vary ing  
from  3 to  10 m m  in  h e igh t and  ru n n in g  transversely  
a ro u n d  th e  sm all in testine . T h e ir  n u m b e r g rad u a lly  de- 
creases th ro u g h  the d istal jẹ ju n u m  an d  they m ay be 
en tire ly  a b sen t from  the  d ista l ileum . Sm all lym pho id  
nodu les , the  P e y e rs  p a tch es , of vary ing  size arc  also 
ap p a re n t at regu la r in te rvals . T hey beco m e m o re  nu- 
m erous d ỉs ta lly  an d  form  a large, c o n tin u o u s  an ti- 
m esen ieric  P e y e rs  patch  in  the  d ista l ileum .

Blood and Lymph Supply

F rom  the  ligam ent o fT re itz  to the ileocecal ju n c tio n , 
the  sm all in te s tin e  is su p p lie d  by a d ozen  o r m ore 
b ran ch es arising  from  the  ỉe ft b ran ch  o f the su p e rio r  
m e sen teric  arie ry . T hese b ran c h es  ru n  betw een  ihe 
tw o folds of the  p e rito n eu m  co m p o sin g  the  m esen tery . 
As thev  ap p ro ach  the in te s tin a l w all, they  b ra n c h  and  
an asto m o se  wi.th one a n o th e r  to  form  a series of arcades 
o r  arches. T he s tra ig h t a r te rie s  a ris in g  from  the final 
arches send  b ran c h es  to e i th e r  side o f  ihe in testine  
■and en c irc le  it. In tu rn , these  a rte ria l circ les em it 
b ran ch es of d im in ish in g  size, w h ich  p en e tra te  the  in- 
testinal wall. V eins ac co m p an y in g  the  arie ria l vessels

su p p lv in g  the je ju n u m  and  ileum  d ra in  in to  the  su p e rio r  
m esen teric  vein, w h ich  m erges w ith  the sp len ic  vein  to 
form  the porta l vein. L ym ph n o d es are a rran g ed  in  th ree  
groups: one near the  in te s tin a l w all, one at the  leveỉ of 
th e  arte ria l arcades, a n d  the th ird  a long  the  u p p e r  p art of 
th e  su p e rio r  m esen teric  a r te ry . T hese n o d es a n d  those  in  
th e  in testinal wall in te rco n n ec t by m anv lym pha tic  
vessels.

Innervation

T he parasy m p ath e tic  nerve su p p ly  o f the  sm alỉ in- 
testine  com es from  th e  do rsal n u c leu s  o f the  vagus. The 
fibers from  these cell bo d ies  en te r  the  ab d o m in a l cavity  
as the an tc rio r an d  p o ste rio r  vagal tru n k s  w ith  the 
esophagus and  pass in to  the wall o f the g u t w ith  its 
bloocl vessels vía th e  celiac an d  su p e rio r  m esen te ric  
gangiia, in w hich these  íỉbers do  n o t synapse. T he Bbers 
e n d  in  the in te stin a l w all, vvhere they  synapse  w ith  cell 
b od ies in  the su b rau co sa l an d  m y e n te ric  p lex u ses. The 
sym pathe tic  p regang lion ic  íìbers have th e ir  ce ll bod ies 
in  the sp inal co rd  seg m en t T9 and  T 10 an d  e n te r  the 
sy m p ath e tic  tru n k  by w h ite  ram i co m m u n ic an te s . T hey 
Leave as the  sp lan ch n ic  nerves an d  pass the ce liac and  
su p e rio r  m esen teric  ganglia, w h ere  they  synapse. Post- 
gang lion ic  fibers en te r  the sm all in te s tin e  w ith  its b lo o d  
vessels.

SEROSA

T he je ju n u m  and  ileu m  are  a lm o st co m p le te ly  envel- 
oped  by a th in  e x ten sio n  o f the  p e rito n eu m , a m o n o lay er 
o f íla ttened  m eso the lia l cells a n d  loose connective  tissue 
(Fig. 1). The only ex cep tio n  is the  m esen teric  bo rd er, 
w here  the peritonea l folds arc sep ara ted  to  aìlow  the 
en try  and  exit of b lo o d  vessels, lym pha tics, an d  nerves. 
T hese la tte r ram iíy  in  a subserosa l zone of co n n ec tiv e  
tissue lying b e tw een  the rneso the lia l layer an d  the 
m uscu la ris  ex terna.

MƯSCULARIS EXTERNA

T he m useu la ris  e x te rn a  (o r p ro p ria )  consists  o f an  o u te r 
long itud ina l an d  an in n e r c irc u la r  layer o f sm o o th  m us- 
cle separated  by the  m yen teric  p lex u s  (the  p lex u s  of 
A uerbach) (Fig. 1). S m ooth  m uscle cells are densely  
p acked  in  ch a rac teris tics  b u n d le s  and  packets, sepa- 
rated  by sm all spaees co n sis tin g  m ainly  o f co llagen  
íìbrils an d  la rger spaces o ccu p ied  by nerves, cap illaries , 
in te rs titia l cells o f Cajal, an d  in tra m u sc u la r  se p ta  of 
connective  tissue. In testin a l sm o o th  m uscle ce lls are 
un in u c lea ted  and  sp in d le -sh ap e d  cells m easu rin g
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F IG U R E  1 Transverse sectỉon oỉ rat ịẹịunum ( X 200). The wall 
o f the sm all in testine can be divideđ in ÍOUI' d ilĩerent layers: the 
m ucosa (m ), íacing the lum en; ilic Mibmui/osa (sm ); ihc tw o layers 
of circular (cm) and longitiulimi! *lnn muscles lorming 1 he 
muscularis externa; and ihe serosíí s í.

5 0 0 —700 Ịim in  lengtlì a t rcst bui iire able to sh o rten  lo 
less th a n  a q u a rte r  o f ihe ir resting length w hen  co n trac- 
ting. Im p o rta n t íea lu res  of sm ooih  niuscle celis are cell- 
to -cell ju n c tio n s  (in te rm ed ia ic  and gap ịu n c tio n s) in- 
vo lv ing  sp ec ia liza tio n s of ihe m em brane betvveen two 
adjacent cells. These junct.ions ;ưe í\ssemial to produce 
m ech an ica l and  electrical cooperation  and com m unica- 
tio n  b e tw een  cells, w h ich  form a m uscular syncitium . 
T he in te s tin a l m u sc u la r  lavers and  thc c ìrcu lar layer, in 
p a r tic u la r , are rich ly  innervatccì. 1 here are no  classical 
n e u ro m u sc u la r  ju n c tio n s , ra th c r in tram uscu lar axons 
te n d  to ru n  para llel to the sm ooih  muscle cells, sen d in g  
varicosities from  w h ich  neuro transm ittc rs are  released. 
C o m m o n ly  ío u n d  associated  \vith sinooth rauscle cells 
a n d  nerv e  varicosities are the in tersiitial cells o f Caịal, 
w h ich  co m m u n ica te  w ith  bo th  I\'pc:s oí cells. O th e r  cells 
possib ly  loca ted  w ith in  sm ooih  nniscle lavers arc m ac- 
rophages ,  m ast cells, and  m vohlasi-likc cells.

The m y en teric  plexus. as \vell as the subm ucosal 
p lex u s  loca ted  in  the su b n u u  (<Jis:;iLssccl la te r) , are 
th e  t\v o  m a jo r  in te g r a t iv e  sy s tc m s o i rlìc c n te r ic  n e r v o u s  
system . P lexuses a re  netvvork ì oí \vidc and  th in  ganglia 
in te rc o n n e c tin g  th ro u g h  neiHOiiaỉ pr»>ccsses. G angỉia 
are co m p o sed  o f tw o cell I\'pcs. p.crvc cells and  glial 
c e l l s ,  a s s o c i a t e d  v v i ih  a  n e u r o p i l  lo r p ic d  b y  c l o s e l y  

p ack ed  n e u ro n a l and  glial procc^scs íĩach ganglion 
an d  the c o n n e c tin g  strancỉs cire su rnn i:jdcd  by a basal

lam ina  and  collagen fibrils. Small b lo o d  vessels can  lie 
n ea r b u t do  n o t en te r  ganglia of th e  m yen teric  p lex u s . 
N eu ra l co n n ectio n s exist be tw een  the  m yen teric  a n d  
the subm uco-sal p lexuses as w ell as w ith  e x trin s ic  
n eu ro n es.

SU BM UC O SA

The su b m u co sa  ex tends from  the m u scu la ris  e x te rn a  to  
the m ucosa  (Fig. 1). It eonsis ts  o f co nnective  tissue , 
b lo o d  and  lym phatic  vessels, an d  the su b m u co sa l p le x u s  
(p lex u s  of M eissner). T he su b m u co sa  m ay also c o n ta in  
sc a tte re d  m igra to ry  cells, o f w h ich  m ast cells are fre- 
q u en tly  the p red o m in a tin g  cell type. Relatively large 
a rte rio les , venules, an d  ly m p h a tic  vessels form  ex ten - 
sive n e tw o rk s  w ith in  the sub inucosa . F ro m  these  net- 
w orks , n u m e ro u s  p en e tra tin g  cap illa ry  vessels su p p ly  
an d  d ra in  m o st o f the m ucosa an d  m u scu la ris  ex tern a . 
T hese  dense  vascu lar n e tw o rk s enab le  the  su b m u c o sa  to 
play a ro le  in  vascular ro u tin g  an d  re la ted  d is tr ib u tio n  o f 
reg iona l b lo o d  and  lym pha tic  flow. T h e  co m p o sitio n  oí 
the su b m u co sa l p lex u s is s im ila r to  th a t o f the m y en te ric  
p lexus. H ow ever, in h u m an s, an d  co n ira ry  to the com - 
p o sitio n  in roden ts, th is  p lexus is co m p o sed  oí tw o 
d is tin c t layers, the in n er an d  o u te r  su b m u co sa l p lex- 
uses. The subm ucosal p lex u s has sm a lle r ganglia, less 
n eu ro n s , and  a less com pac t n e tw o rk  co m p ared  to  the 
rayen teric  plexus.

MUCOSA

Architecture

T he m ucosa is com posed  of th ree  co m p o n en ts : the 
m u scu la ris  m ucosae, w h ich  d e lim it the m u co sa  fro m  the 
su b m u eo sa , ihe lam ina p ro p ria , an d  th e  cp lith e lia l cells, 
vvlìich face the in testinal lum en . A tran sv e rse  sec tio n  
ừ o m  any part of ihe sm all in te stin e  rcveals the u n iq u e  
a rc h ite c tu re  o f the sm all in te stin a l rnucosa, invo lv ing  
th e  c rv p ts  an d  villi tha t cover the  e n tire  len g th  o f the 
sm a ll in testine . The s tra ig h t an d  tu b e lik e  c ryp ts (cryp ts 
o f L ieb erk ủ h n ) are dow n w ard  p ro jec tio n s  of the  ep ith e- 
l iu m  in to  the lam ina p ro p ria  w h ereas the villi a re  up- 
vvard leaílike or íingerlike p ro jec tio n s  of the su rĩace  
e p ith e liu m  and  the lam ina p ro p ria . Villi an d  cryp is 
are co n tig u o u s, in  th a t the ep ith e liu m  co m p o sin g  
th ese  two s tru c tu re s  is co n tin u o u s . H ow ever, the num - 
b e r  o f  villi is considerab ly  less th a n  the  n u m b e r  o f c ryp ts 
because  several c ryp ts m ay o p e n in to  a single m o u th  and 
m o re  th a n  one m o u th  can  o p en  b e tw e en  tw o ad ịacen t 
viĩli. P ingerlike villi p red o m in a tc  in the  je ju n u m  and  
ilc u m  vvhereas leaílike villi are  m o re  co m m o n  in  the 
đ u o d e n u m . The villi are la llest (ab o u t 0 . 8 - l m m )  in



the  d is ta l p art o f the  duoclenum  an d  the p ro x im a l je ju - 
n u m  b u t becom e progressive ly  sh o rte r. M oreover, je ju - 
nal an d  ilcal villi d iffer also by ihe series o f inclen tations 
a lo n g  the side  of thc villi, w h ich  are m ark ed  in  the 
p ro x im a l sm all in testin e  b u t d isap p ea r in  the te rm inal 
ileum .

Vascular Pattern of the Intestinal Villi

T he vascu lar p a tte rn  of the in testin a l villi is essen- 
tia lly  the sam e from  the d u o d e n u m  to the ileum . Each 
v illu s  is Sưpplied  by a Central a rte ry , w h ich  ru n s  th ro u g h  
th e  ce n te r o f thc  v illus tow ard  the  tip. ĩt then  d iv ides in to  
tw o n a rro w  a rtc ria l tru n k s , w h ich  ru n  d irectly  belovv the 
ep ith e lia l cells d o w n w ard  tow ard  the  base o f the villus. 
T hese  a rtc ries  give rise to cap illa ry  b ran ch es th a t fo rm  a 
d en se  an aslo m o sin g  ne tw o rk  ex ten d in g  betvveen the 
a rte ria l tru n k s  and  the tvvo veins, w h ich  d ra in  each  vil- 
lus. Each im e stin a l v illus c o n ta in s  also a Central b lin d - 
e n d e d  lym ph  vessel, ihe lacteal.

Mucosal Components

Muscularis Mucosa

T he m u sc u la ris  m ucosa  is th e  o u te rm ost layer o f the 
m ucosa. lt is com posed  o f elastic  fibers an d  3 — 10 
sm o o th  m uscle  cells, generally  arranged  in  an  o u te r  
lo n g itu d in â l a n d  in n e r c irc u la r  layer. S m ooth  m uscle 
cells m ay rad ia te  from  the  m uscu la ris  m ucosa in io  
the lam in a  p ro p ria  an d  ex ten d  in  the villi.

Lamina Propria

T he lan iina  p ro p ria  fo rm s the connective tissue core 
of th e  villi a n d  su rro u n d s  the  c ry p t ep ìthe lium , T he 
c ry p t an d  v illu s  ep ithelia l ce lls and  the  lam ina p ro p ria  
are sep ara ted  by a d is tin c t b asem en t m em brane  eom - 
posecl o f an  u ltra s tru c tu ra lly  a p p a ren t basal lam in a  and 
a d eep er n e tw o rk  of co llagenous íìbers. T he lam in a  
p ro p ria  is com posed  of n o n ce llu la r connective  tissue 
e lem en ts , i.e., co llagen  and  e lastin , b lood  and  lym pha tic  
vessels, and  m yofib rob lasts  su p p o rtin g  villi. H ow ever, 
th e  m ain  ch a rac te ris tic  o í ihe lam in a  p ro p ria  is to C 011- 

ta in  n u m e ro u s  im m uno log ica lly  co m p eten t cells as w ell 
as nerve endings. T he m ost n u m e ro u s  cell types are 
m o n o n u c lea r  cells, p lasm a cells, an d  lym phocy tes. 
P lasm a cells co n ta in  im m u n o g lo b u lin  (IgA o r IgM ) 
a n d  are co n c en tra ted  m ore  in  the in te rc ry p t reg ion . 
L ym phocy tes, b o th  B an d  T cells, are found  th ro u g h o u t 
th e  lam ina p ro p ria  b u t o ften  fo rm  m ore dense inH ltra tes 
ju s t  above the m u scu la ris  m ucosae . O th er cell types are 
m ore sparsely  d is tr ib u ted , in c lu d in g  eos inoph ils , m ac- 
rophages, and m ast cells. H ow ever, m acrophages are 
m ostly  located  along  the su p e rio r  p a r t of the lam in a

p ro p ria  n ear the tip  o f the  villi. N u m ero u s  nerves end- 
ings are p resen t in  the lam ina p ro p ria , m any  of w h ich  
are in  close co n tac t w ith  m ast cells.

Epithelium

T h e fo u r m a jo r celỉ types o f  th e  ep ith e liu m  (en te ro - 
cytes, goblet, e n d o c rin e , an d  P aneth  cells) arise from  
stem  cells, w h ich  d iv id e  c o n tin u o u s ly , located  ju s t 
above the cryp t base. D iffe ren tia tion  an d  m a tu ra tio n  
o cc u r in  5 —6 days as the  cells m igra te  from  the c ry p t 
to the  v illus tip s , w h ere  they are su b se q u en tly  s loughed  
in to  th e  lu m e n  (Fig. 2).

C ry p t e p ith e liu m  The rao st a b u n d a n t celi types 
in the  c ryp ts are  u n d iffe ren tia te d  en terocy tes. H ow ever, 
c ryp ts  also co n ta in  tw o d is tin c t cell types, P aneth  cells 
an d  en d o c rin e  cells. P an c th  cells do n o t m igrate  an d  are 
located  w ith in  the c ry p t base. T heir n u m b e r  increases 
from  the d u o d e n u m  to the  ileum . T hey  derive írom  
u n d iíle re n tia te d  c ry p t celỉs an d  seem  to und erg o  re- 
p lacem en t at. a rela tive ly  slow  rate . T hey  have a pyra- 
m id a l shape, the  n u c leu s  b e in g  lo ca ted  in  ihe basal ha lf 
o f the  cell. T h e ir  o u ts tan d in g  fea tu re  is th e ir  c o n te n t o f 
sec re to ry  g ran u les  o f the  zym ogen  varie ty , located  in  the 
cy top lasm  betw een  the n u cleu s an d  the ap ical b o rd e r  of 
the cell. As secre to ry  cells, P aneth  cclls show  ro u g h  
en d o p lasm ic  re tic u ìu m  an d  ex tensive  G olgi apparatus. 
T hey  c o n ta in  lysozym e, im m unoglobu lin*  and  d e íen sin  
an d  seem  capab le  o f ph ag o cy tic  acũv ity , suggesting  a 
ro le in  the reg u la tio n  o f the in te s tin a l m icrob ial ílora.

E n d o c rin e  cells are relati vely a b u n d a n t in  the c ryp ts, 
a llh o u g h  ihey  are  also p re se n t in  the  villi. T hey are o f two 
m orp h o lo g ica l types, e ith e r  “o p e n ,” w ith  a py ram idal

viỉlus epitheHum 

enterocytes 

gob ìe t cells

crypt epithelium

undiíTerentiated ___
enterocytes

énđọcrine ce lls  - 

Parieth cells

FIG Ư RE 2  Sch em atic  diagram  of rat jejunal m ucosa, illustrat- 
ing the different types o f  ce lls  en cọu n tered  in  the epithelium .



shape  and  co n n ec tio n  w ith  the lu m en , o r “closed ,n w ith  a 
sp in d le  sh ap e  an d  no  co n n ec tio n  w ith  the lum en . Se- 
c re to ry  g ranu les  are co n cen tra ted  in the  basal part of the 
cytop lasm  w hereas Golgi ap p a ra tu s  elem en ts are supra- 
nuclear. T he ap ical surface show s regu lar tu fts of 
m icrovilli longer than  those o f  en terocy tes (described  
la ter). At least 16 d is tin c t types o f en d o c rin e  cells have 
been  described  a long  the  sm all in tcstine , each w ith  a 
charac teris tic  reg ional d is tr ib u tio n  and  com position .

V illus ep ith e liu m  E n terocv tes are the m ajor vil- 
lus ep ithe lia l cell type. T hey are  h ighly specialized  tall 
an d  co ỉu m n ar cells, w ith  an  oval n u c ìeu s located  basally  
(Fig. 3). T he u sua l o rganeiles are all rep resen ted : the 
endop lasm ic  re ticu lu m  is no t p rom  in en  t bu t the Golgi 
ap p a ra tu s  is, the m ito ch o n d ria  are usua lly  long and  íỉl- 
am en to u s , and  a n u m b e r of p in o cy tic  vesicles m ay be 
seen  near ihe apical region. T he apical surĩace is com - 
posecỉ of m icrovilli and  glycocalyx. M icrovilli are close 
p rọ ịec tio n s  o f cy toplasm  covered  bỵ the ccll m em brane. 
T hey are ab o u t 1 |im  h ig h  and  0.1 ịxm  in d iam eter, pro- 
v id ing  a 14- to 40-fo ld  increase in the apical su ríace  area.

F 1G U R E  3  H igh-m agniíĩcation m icrograph of rai v ilỉu s epi- 
ihelial ce lls  ( x  300 0 ). Enterocvt.es (E) are tall colum uar cclls 
w ith  an oval, basally located n u cleu s (n). Thcir characterislic  
ĩeatures are the presence o f m icrovilli ( m \  vvhich enhance apical 
suríace area, and a tight jun ction  (tj), alknving a tight and con- 
tinuous ju n ctio n  b etw een  iw o-adjacent cclls. G oblet ce lls (G ) are 
m ucous-secretin g  cells interspcrsed am ong cnterocvies.

T he glycocalyx is a th in , íìlam en tous ỉayer o f 
m uco p o ly saccb a rid e  m a teh a l, housing  im p o rtan t en- 
zym es that íu n c tio n  in te rm in al d igestive processes. En- 
te rocy tes (and  the o th e r ep ilhe lia l cells) are su rro u n d e d  
a t th e ir  apical side by  typical 0 .5 - to  2-Ị.im in te rce llu la r 
ịu n c tio n a l com plexes. T hey  co n sis t o f two d is tin c t 
s tru c tu re s , the tigh t ju n c tio n  an d  the ad h e ren s ju n c tio n , 
th a t enc ircle  the cells as a belt, a llow ing  a tigh t and  
co n tin u o u s  co n tac t betw cen  tw o ad jacen t cells. T hese 
tw o s tru c tu re s  are associa tions of tran sm em b ran e  and  
cv top lasm ic p ro te in s  ìinked  w ith  the cy toskeleton .

G oblet cells arc  in te rsp e rsed  am ong  the  en terocy tes. 
T hey  are po la rized , m u co u s-sec re tin g  cells, in c reasin g  
in  n u m b e r d istally . T hey a re  easily  recognizab le by th e ir  
p ea r-sh ap ed  reg ion  co n ta in in g  the  m ass of m atu re  
m ucigen  g ranu les. O ften  a sm all Up u t r  of m ucous can 
be d is tin g u ish ed  em erg ing  from  the apex. A pical 
m icrov illi are sparse  and irreg u la r in  size an d  shape. 
C ytoplasm ic o rganelles , in c lu d in g  a well d eveloped  net- 
w o rk  o f rough  en d o p lasm ic  re ticu lu m , free ribosom es, 
m ito ch o n d ria , an d  lysosom es, lie a ro u n d  thè m ass of 
m u co u s  g ranu les. Lasi, in traep ith e lia l lym phocytes, 
m ain ly  T cells, lie betw een  in d iv idual ep ithelia l cells, 
u sua lly  ju s t above the b asem en i m em brane. The ratio  
o f ep ithelial cells to in traep ith e lia l lym phocy tes is 
ab o u t 6 :1 .

PEYER S PATCHES

P e y e rs  pa tches are d is tin c t sm all ly m p h o id  n odu les 
located  along  the  an tim e sen te ric  bo rd er. T heir n u m b e r 
increases distally . They are  co m p o sed  o f lvm phoid  fol- 
lic les th a t are lo ca ted  in  the  m u co sa  b u t tha t m ay also 
ex len d  in to  the subm ucosa . F o llic les are com posed  of a 
ly m p h o id  n o d u le  w ith  a germ inal cen te r, a íollicle- 
associa ted  ep ith e liu m , an d  a dom e, s itu a ted  betw een  
these two s tru c tu re s . T he g erm in al cen te r con tain s 
m ain ly  IgA -positive B cells. Ít is su rro u n d e d  by the 
dom e, p o p u la ted  by  B lym phocv tes, m acrophages, 
an d  plasm a cells. F acing  the  lu m e n  is the  íollicle- 
associated  ep ith e liu m , w h ich  co n ta in s  few goble t cells 
and  ep ithelia l ce lls specia lized  in the tran sp o rt o f lum i- 
nal an tigens, ihe m ic ro íb ld  cells (M cells). T hese cells 
are d iffe ren t from  en lero cy tes  in iha t they  have sh o rt 
m icrov illi and  no  glycocalyx a t the ap ical side. M ore- 
over, the ir b aso la te ra l m e tn b ran e  is invag inated  to form  
a p ocke t co n ta in in g  im m u n o co m p e te n t cells.
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Small Intestine, Benign and Malignant 
Neoplasms of the
J. G ustav  K u l d a u  a n d  J o h n  M . C arethers 

University of Cali/ornia. San DirtỊo

am pulla of Vatcr The orifice in the duodenum through 
vvhich the com m on  bile duct and pancreatic duct drain.

celiac sprue Intesiinal malabsorption disease characterized 
by diarrhea and m alnutrition , caused by im m une- 
m ediatcd gluten sensitivity.

Crohn’s disease À disease of chronic inílammation 
potentially  involving any p ortion  of the gastrointes- 
tinal tract bm  w ith  a propensity  for the lerm inal 
ileum . The etio logy of ih is d isease  is  incom pỉetely  
understood.

íamilial adenomatous polyposis (FAP) An inherited syn- 
drom e in vvhich thousands o f polyps develop in  the 
colon , as w ell as in the stom ach  and upper intestine  
(duodenum). Bony tumors, known as osteomas, and 
other soft tissue tum ors can also occur (Gardner’s 
variant).

Peutz-Jeghers svndrome Familial syndrome consisting of 
m ucocutaneous pigm entation  and gastrointestinal polyp  
(usuallv harm artom as) íorm ation.

T um ors of the sinall in testine  are rare , accounting for only
1% o íall gastro in testinal (GI) neoplasm s, even though the

sm all in testine  accounts for 90%  o f the surface area and 
75% o f the ỉength of in testina l tract. A pproxim ately  5300 
new  cases of sm all in te stin a l m alignaneies are diagnosed 
each year. Two~thirds o í  sm all bow el neoplasm s are ma- 
lignant and thcse accoun t for approx im ately  2% o f all GI 
m alignancies. The m ost com m on m alignancies o f the 
sm all bow el are adenocarcinom as, carcinoid  tum ors, lym- 
phom as, and sarcom as. T here is a slight m ale predom i- 
nance and the average age at d isease p resen ta tio n  is 
5 5 —60 years. T his article  w ill d iscuss m alignant and 
benign sm all bow el neoplasm s.

PATHOGENESIS

T u m o rs of the sm all bow el can  fo rm  from  any of the 
cells tha t are ío u n d  in  th is  o rgan . A denom as and  
ad en o ca rc in o m as develop  from  ep ith e lia l an d  g ỉan d u lar 
tissue, lym phom as d eve lop  frorn  lym p h o cy tes  found 
in  ly m p h o id  tissue, sa rco m as develop  from  sm o o th  
m uscle , and  ca rc in o id  tu m o rs  a rise  from  the K ulch itsky



cell, an  en tero ch ro m affin  cell locaied  in  the cryp ts of 
L eiberkụhn .

M any theo ries have been p ro p o sed  to explain  the 
low  rate  o f m alignancy  in  the sm all bow el as com pared  
to th e  co lon  and  stom ach:

1. liqu id  c o n ten ts  o f th e  sm all bow el cause less m ucosal 
ừ r ita tio n  and  d ilu te  ca rđ n o g en s ;

2. rap id  transit o f sm all bow el co n ten ts  decreases ex- 
p osu re  to carcinogens;

3. decreased  b ac te ria ỉ load in  the sm all bow el (espe- 
cially anaerob ic  bac te ria ) resu lts  in less conversion  of 
b ile  acids in to  carcinogens;

4. benzpyrene, a k n ow n  carcinogen  íound  in food, is 
converted  to less toxic m etabo lites by benzpyrene 
hyclrolase, w b ich  is found in h igher co n ccn tra tio n s 
in  the  sm all in te s tin e  than  in  the sto ĩĩiach  and colon; 
and

5. in c reased  ly m p h o id  tissue an d  secreto ry  im m u n o - 
g lobu lin  A íouncl in  the sm all bow el m ay be pro tec- 
tive aga inst can ce r íb rm ation .

P R E D ISP O SIN G  C O N D IT IO N S

M any diseases have know n  associa tions w ith sm all 
bow el neoplasm s:

1. C ro h n ’s d isease is a risk íacto r for adenocarc inom a of 
the sm all bow el.

2. C eliac d isease is associa teđ  w ith  lym phom a and  ad- 
enocarcinom a.

3. P a tien ts  w ith  P eutz-Jeghers syndrom c have 
h am arto m as in  th e  je ju n u m  o r ileum  w h ich  may 
u n d erg o  m a lig n an t transío rm ation .

4. P atien ts  w ith FAP have increasecl rates o fsm all bow el 
adenom as, espec ia lly  in the  duod en u m .

C L IN IC A L  PR E SE N T A T IO N

P atien ts w ith  sm all bow el m alignancies o íten  p resen t 
late in the  cou rse  o f  the  d isease, w hen the  tu m o r has 
sp read  beyond  the p o in t o f cure. The m ost com m on 
sym ptom s are ab d o m in a l pain , in testinal obstruction , 
in tu ssu scep tio n , g as tro in tes tin a l b leeding, palpab le ab- 
d om ina l ĩiiass, ano rex ia , and  vveight loss. O ver 50%  of 
ben ign  sm all b o w el tu m o rs  ren ia in  asym ptom atic , 
w hereas 7 0 —90% o f m alignan t tum ors lcad to  svm p- 
tom s. W ith  m a lig n an t tu m o rs, abdom inal pain is the 
m ost com m on svm ptom , p resen t in as raany  of 80% 
of patien ts . W eigh t loss and  ano rex ia  occu r in app rox - 
im ately  h a lf  of p a tien ts  w ith  m alignan t tum ors an d  25% 
of p a tien ts  deveỉop  in testinal obstru c tio n . Benign tu- 
m ors lead  to g as tro in tes tin a l (GI) b leed ing  m ore

com m only  than  m alignan t tu m o rs (29%  versus 6% ). 
A bdom inal pain , o ften  ílu c tu a tin g  in  na tu re , is th e  
m ost com m on sym ptom  of b en ig n  lesions.

D IA G N O S IS

D iagnosing sm all bow el neo p lasm s is often  d iffìcu lt 
due to the rarity  of the d isease and  the n o n sp eciíìc  
na tu re  o f signs, sym ptom s, and  physical exam  íìnd ings. 
It is im p o rta n t to co n sid er a sm all bow el n eo p lasm  in  
patien is  w ith u n ex p la in ed  ab d o m in a l pain , w eig h t loss, 
o r o ccu lt GI b leeding. Late d e tec tio n  o f sm all bow el 
tu m o rs is com m on, w ith  the  average tim e from  o n se t 
o f sym ptom s to d iagnosis being 5 m on ths . Ưp to 50%  of 
p a tien ts  will have m etasta tic  d isease al p rese n ta tio n . 
U n ío rtu n ate ly , earlv  de tec tio n  an d  trea tm e n t are  the 
m ost sign iiìcam  variab les for íavorab le o u tco m e in 
these patien ts.

P atien ts su sp ec ted  oí hav ing  a sm all bow el neop lasm  
shou ld  undergo  a com pleie  h is to ry  and  physical exam - 
ina tion , fecal o ccu lt b lood  testing , a com plete  b lo o d  
co u n t, m easu rem en t of se ru m  elec tro ly tes , and  liver 
íu n c tio n  tests.

R adiographic ex am in a lio n  is often  em p loyed  in the 
evaluation  o f su spec ted  sm all bow el tum ors. P la in  íìlm s 
of the ab d o m en  are o f  little  use un less the  lesion  has led 
to in testina l o b stru c tio n . U p p er GI series w ith  sm all 
bow el fo llow -lh rough  (SBFT) are com m only  o rd e red  
and  can show  m ass lesions in  over 50%  of pa tien ts . 
A su p e rio r test b u t one th a t is m ore techn ically  d iffìcu lt 
to p e río rm  is en teroclysis, a d o u b le -c o n tra s t s tu d y  
p e rỉo rm ed  by in se rting  a tube in the  d u o d e n u m  and  
in íu s in g  barium . T he sensitiv ity  of en terocly sis  is ap- 
p rox im atc ly  90% versus 50% for SBFT. C o m p u ted  to- 
m ography  (C T) is n o t effective for d e tec tin g  sm all 
in tra lu m en a l o r n iucosal tu m o rs , b u t is exce llen t at 
de tec tin g  m etastasis, especially  to  the liver. CT en tero - 
clysis is p e río rm e d  bv p lac in g  a tube in the p ro x im al 
sm all bow el ancl in íu s in g  b a r iu m  w hile  o b ta in in g  CT 
im ages. The accuracy  of this s tu d y  for d e tec tin g  sm all 
bow el tu m o rs  is s till being  clcterm ined.

E ndoscopy  is often  use íu l in th e  d iagnosis  o f sm all 
bow el tum ors. E sophag o g astro d u o d en o sco p y  (EG D ) 
can v isualize on ly  to the  seco n d  to th ird  p o r tio n  of 
the đ u o d en u m , lim iting  its u se ĩu lness. EGD is good 
for eva lua ting  pa tien ts  w itb  FAP for d u o d en a l adenom as 
o r ad c n o c a rd n o m a s . Lesions p as t the  ligam ent o f T re itz  
are m ore d ifíìcu lt to reach  w ith  an endoscope . Push 
en tero scopy , a type of u p p e r  endoscopy  using  a longer 
than  n o rm al endoscope, can allow  the user to v isualize 
up  to 60  cm  of proxim al je ju n u m . A n ew er tech n iq u e  for 
v isua liz ing  the sm all in testine  is w ireless capsu le  endo- 
scopv. In th is  m cthocl, the p a tie n t sw allow s a capsu le



th a t takes vicỉeo im ages as it passes th ro u g h  the leng th  
o f the  sm all in te s tin e . C apsu le endoscopy  vvill likely 
be h e lp íủ l in  d iag n o sis  of sm all in te stin a l lum ors, and 
ex p e rien ce  w ith  th is  tech n iq u e  is grovving.

M A L IG N A N T  L E SIO N S O F THE  
SM ALL IN T E ST IN E

Small Bowel Adenocarcinom a

A d en o carc in o m a is the m o st com m on  type of ma- 
lig n a n tsm a ll bow el ca rc in o m a , c o n s titu tin g  4 0 —50% of 
sm all bow el can cers . A pprox im ate ly  50% of sm alì bow el 
ad en o ca rc in o m as o cc u r in the  d u o đ e n u m , espec ially  at 
the am pu lla  o f V ater, w h ereas 30%  form  in the je ju n u m  
and  20% occu r in the  ileum . T he h igher co n cen tra tio n s 
of bile acids a n d  th e ir  m etabo lite s in  the d u o d e n u m h a v e  
been  p o stu la ie d  to  ex p la in  the inc reased  in c id en ce  of 
carc inom a in th is  p o rtio n  o f bow el. A denocarcinom as 
u sually  occu r b e tw e e n  the ages o f 50 and  70, w ith  a 
m ale:fem ale ra tio  o f ap p ro x im ate ly  1 .4 :1 .  Risk factors 
in c lu d e  CrohiVs disease; h igh an im al fat in take; heavy 
co n su m p tỉơ n  o f  red  m eat, salt-curecl foods, and sm okccl 
foods; p rio r ])ep tic  u lc e r  disease; FAP; p rio r co lon  can- 
cei ; celiac sp ru e ; an d  cystic íìbrosis.

Early ad e n o ca rc in o m a o f the  sm all bow el is usualỉy  
asym ptom atic , a s  w ith  o th e r  sm all bovvel lesions. W h en  
sym piom s o ccu r, ihey are usually  nonspeciR c. A h igh  
degree of su sp ic io n  is o íten  req u ired  to m ake an  early 
d iagnosis. lf th e  lesion  is in  the  d u o d en u m , endoscopy  
can be u tilized  to  m ak e  a cliagnosis.

S urgical in te rv e n tio n  p ro v id es  the only  h o p e  for 
cu re  in  p a tien ts  w ith  ad en o ca rc in o m a of the sm all 
bow el. P atien ts w ith  le sions in  the  fìrst o r  second  p art 
of the  d u o d e n u m  sh o u ld  u n d erg o  pan c rea tico d u o - 
denectom y  (W h ip p le  p ro ce d u re ). T um ors o ccu rrin g  
in  the d istal d u o d e n u m , je ju n u m , o r ileum  m ay be trea- 
ted w ith  w ide local exc ision  w ith  lym phadenectom y. 
P rognosis is d e te rm in e d  by resec tab ility , patho log ic  sta- 
tus o f resected  m arg in s , h isto log ic  grade, and  p resence  
o r absence o f ly m p h  n o d e  invo lvem en t. Lesions con- 
írned to m ucosa a n d  su b m u co sa  have a goocl p rognosis, 
w hereas lesions th a t invade th ro u g h  the serosa have a 
very p o o r p rognosis . T he overall 5 -year su rv ival rate 
ranges from  20 to 35% . Sm all bow el ad en o carc in o m as 
are generally  c o n s id e red  to be rad io -resis tan t a n d  thus 
rad ia tio n  therapy  d o es n o t ap p e a r to be effective. To 
com plicate  m a tte rs , the sm all bow el canno t to le ra te  
h igh doses of ra d ia tio n  w ith o u t su s ta in in g  s ig n iík a n t 
irỳurv . F or these reasons, ra d io th e ra p y  is n o t w idely  
uscd for these  tu m o rs . C h em o th e rap y  has been  used  
to trea t these  tu m o rs , b u t d u e  to the  low  inc idence  of

sm all bow el ad en o ca rc in o m a , lite ra tu re  on  its  effective- 
ness is lacking.

Carcinoid Tumors

C arc ino id  tu m o rs are a ra re  type of n e u ro e n d o c r in e  
tu m o r tha t can be lo ca ted  in  the s to m ac h , sm all 
in testin e , colon, o r rec tu m , a lth o u g h  they  are m o st com - 
m on in  the ileum  an d  ap p en d ix . C a rc in o id  tu m o rs  
m ake up  app ro x im ate ly  40%  of p rim a ry  sm all bow el 
m alignancies.

T hese  tu m o rs  arise from  the K u lch itsky  cell, an 
en tero ch ro m affin  céỉl loca ted  in  th e  c ry p ts  of 
L ieberkuhn . G rossly, these tu m o rs  ap p e a r yellow , due 
to th e ir  h igh  lip id  c o n ten t, and  are firm . C a rc in o id  tu - 
m ors are  usually  s low -g row ing  and  are o íte n  d ia g n o sed  
inc iden ta lly . ln ílam m atio n  w ith  sh o rten iĩìg  a n d  th ick - 
en ing  of the m esentery , the so-called  d esm o p la s tic  re- 
ac tio n , can lead to in te stin a l o b s tru c tio n  du e  to  k in k in g  
of th e  in testine. T u m o r cells often  secre te  b ioactive 
p ro d u c ts , such  as se ro to n in , w h ich  can lead  to  ca rc in o id  
sy n d ro m e in ap p ro x im ate ly  10% of pa tien ts . S ym ptom s 
o f ca rc in o id  synd rom e in c lu d e  d ia rrh ea , ílu sh ing , and  
hy p o ten sio n . S urgery  to  com ple te ly  rem ove th e  tu m o r 
and  an y  involved  ly m p h  nodes is co n s id e red  the  best 
trea tm en t.

Primary Small Bowel Lymphomas

L ym phom as are so lid  m alignancies o f ly m p h o id  
tissue. L ym phom as o íten  arise  in ly m p h  nodes; how - 
ever, lym p h o m as m ay  also  arise  in  e x tra n o d a l sites, w ith  
the GI trac t being  the  m o st co m m o n  lo c a ù o n  for ex tra - 
nođal invo lvem ent. T he d iagnosis o f  p rim a ry  GI lym - 
p h o m a  requ ires th a t no  p e rip h e ra l ly m p h a d e n o p a th y  be 
p resen t, th a t the p a tien t have a n o rm a l w h ite  b lo o d  cell 
c o u n t, that tu m o r in vo lvem en t be p re d o m in a n tly  in  the 
GI trac t, an d  th a t there  is no  in vo lvem en t o f the  liv e r o r 
sp leen . A pprox im ately  10% o f GI trac t ly m p h o m as arise 
in  the  sm alỉ in testine . T he inc idence  o f  sm all bow el 
lym p h o m a peaks in  the  seven th  decade  of life and  
there  is a sligh t m ale p red o m in an ce . M ost tu m o rs  
arise in  the d is ta l sm all bow el, m ost likely  because  
there  is m ore ly m p h o id  tissue in  these areas, especially  
in  th e  te rm inal ileum . P red isposing  c o n d itio n s  for 
sm all bow el ly m p h o m a in c lu d e  au to im m u n e  d isease, 
im m u n o d e íic ien cy  sy n d ro m es (especia lly  acq u ired  
im m u n o d e íìc ien cy  sy n d ro m e), im m u n o su p p re ss iv e  
th e rap y  a íter o rg an  tran sp lan ta tio n , C ro h n ’s d isease , 
celiac disease, an d  rad ia tio n  therapy . P a tien ts  m ost 
often  p resen t w ith  ab d o m in al pain , vveight loss, an- 
o rex ia , an d , less co m m o n ly , g as tro in tes tin a l b leed in g  
o r iro n  deíiciency anem ia .



T here are vnany types o í s m a l l  iniestir.al ỉym phom as. 
T he B-cell Iym phom as inc lude  m arginal B-cell lvm pho- 
m as, diffuse large B-cell Ivm phom as, m antle cell lvm- 
phom a, ío llicu lar lym phom a, and B u rk itts  lym phom a. 
Im m unoproM erative  sm all intestinal dìsease (IPSID), 
also know n  as cx heavy-chain  disease o r M editerranean  
lym phom a, is a B-cell lym phom a ihat occurs m ainlv in 
the M íddle East. This lym phom a is m ost com m on in  the 
second  o r th ird  decade o f life. IPS1D usually occurs in 
p a tien ts  o f low er socioeconom ic class. There is an  as- 
soc iation  betw een  in íec tio u s agents, su.ch as Giạrdia 
lamblia, and IPSID. T rea tm en t ol earlv-stage disease 
often  consists of an tib io tic  therapy alone, allhough  che- 
m o therapy  is needed  for m ore advanced cases.

The m ost com m on T-cell lym phom a is en teropathy - 
associa ted  in tesúna l T-cell lym phom a. This lym phom a 
is a com plication  of celiac sp rue, a genelic disease char- 
ac terized  by g lu tẹn  sensitiv ity . These lum ors often arise 
in the je ju n u m . T his tum or s h o u l d  be considered  in 
p atien ts w ith  celiac sp rue  w ho are adhering  to a stric t 
g lu ten -free  diet but have persistent sym ptom s ol d iar- 
rhea  and w eight loss.

T rea tm en t for sm all in teslinal lym phom as usually  
inc lude a com bination  of surgery and chem otherapy . 
Surgery alone resu lts in a cure lor approxim atelv  30% 
o f patien ts. The overall 5-year survival lor sm all in tes- 
tinal lym phom as is approxim ately  20 -30% , dep en d in g  
on the type of tum or.

Sarcomas

S arcom as are m alignan t tum ors lliai arise from 
sm oo th  m uscle tissue and can ocvur anyw here in  the 
b ody  w here sm oo th  m uscle is present. Sarcom as accoun t 
for 10% o ĩsm a ll bow el tum ors. The rnost com m on type 
of sm all bow el sarcom a is the leiom yosarcom a, w ith less 
com m on varieties inc lu d in g  fibrosarcom a, liposarcom a, 
an d  angiosarcom a. Sm all bow el sarcom as lend 10  grow  
slow ly and  are usua lly  large at p resen taúon , w ilh  m anv 
b e ing  g rea ter than  5 cm  in  size. Signs and sym ptom s 
at p resen ta tio n  inc lude  w eight loss, gastro in testinal 
b leed ing , bow el p e ríb ra tio n , or palpable mass o n  ab- 
dom ina l exam . These tum ors often ưrow ex tra lum enally  
an d  there ío re  bowcl o bstruc tion  is a rare p resen ta tion . 
Sarcom as look  very sim ilar to leiom yom as, a benign 
sm ooth  m uscle tu n io r, and it can ho hard  to tell the 
d ifference betw een them , even on histological 
exam ination , C rite ria  for m alignancv include ihe loI- 
low ing: m ore than  two m itoses pcr high-pow ered 
íìeld; nuc lea r atypia; an d  necrosis. T reatm ent for sarco- 
m as is surgery , Sarcom as rạrelv m etasiasize to lvm ph 
nodes, so lym ph node resection  is usually nol ind icated  
and  will n o t im prove survival. C hem otherapy  and  radi-

ation  therapy  have not show n  beneRi. Survival is ap - 
p rox im ately  50% at 5 years.

Metastatic Lesions

Even ihough  p rim ary  sinall bow el carcinom as are 
qu ite  rare, the sm all in tesúne  is a relatively  com m on  site  
for m etastatic  disease. M alignant m elanom a com m only  
m etastasizes to the sm all in te stin e , vvith 60% of p a tien ts  
w ith  m elanom a having gas tro in tes iina l m etastases. 
P rim ary carcinom as from  the breast, lung, and k id n ey  
can also m eiastasize to the sm all in testine.

B E N IG N  SM ALL IN T E ST IN A L  TU M O R S  

Adenomas

A denom as oi the sm all in testine  can be v illous o r 
tubu lar. V illous adenom as have signitìcant m alignan t 
po ten tia l. U p to 40% of v illous adenom as are found  
to have m alignan t cells w ith in  ihem  w hen  rem oved . 
P eriam pullary  v illous adenom as m av reqụ ire  a w h ip p le  
p ro ced u re  for resecúon . T u b u la r  adenom as have low er 
m alignant poten tia l.

Leiomyomas

Leiom yom as are firm , are gray  or vvhìte in  co lor, and 
arise from  the subm ucosal layer. O n endoseopy, they 
ap p ear as subm ucosal lesions w ith  norm al overly ing  
m ucosa. T hese tum ors consis t of w d l-d iffe re n ú a te d  
sm oo th  m uscle cells. Like sarcom as, these lesions 
ofien grow  ex tra lum enally  an d  therefore can achieve 
a large size befort' they are d iscovered . C entral necrosis  
of the lesion  can  occur w hen  the  tu m o r ou tg row s its 
b lo o d  supp ly , w h ich  may lead to u lcera tio n  an d  bleed- 
ing  in to  the bow el lum en.

Lipomas

Lipom as are ben ign  lu m o rs th a t consist m ain lv  of 
fat. T hev u sually  occur in the subm ucosa l layer an d  have 
norm al overly ing  m ucosa. T hey  are m ost com m only  
found  in ihe ileum  and je ju n u m .
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Small Intestine, Development
D e b o r a h  c. R u b in

W a sh in g to n  U n iv e rs ity  Schoơ ỉ oj M eciicinc, Scíiìĩt Louis, M isso u ri

c ry p t-v illu s  axis m orphogenesis Formation of the 
crypt—vilỉus unit, the principal íunctional component 
of the small intestine. 

endoderm al specitìcation Process by which the cndoderm 
íorms; distinct írom the ectodermai and mesodermal 
layers of the eariy einbryo. 

homeobox genes Transcription íactors that contain a 
homeobox or homeodomain, a conserved nucleotide 
sequence that encodes a DNA binding domain.

The sm all in testinc  is a com plex epitheliaỉ-lined tu b u la r 
organ that grows to m  in length  in the adu lt hum an. It 
is a heterogeneous tissue tha t exh ibits regional differ- 
ences in m orphology and íunction along the horizontal 
axis (from  duodenum  to ileum ) and along the vertical 
axis (from  crypt to v illus tip). Its ep ithelium  is derived 
from  the prim itivc endoderm , and connective tissue, 
m usele, and hem atopoietic  com ponents are m esoderm al 
in origin. The duodenum , up to the opening for the com m on 
bile d u c t (am pulla of V ater), is derived from  thc foregut 
(w hich  also gives rise to  the liver, lungs, and  pancreas). 
The m idgut gives rise to the duodenum  beyond the am- 
pulla, and inciudes the je ju n u m , ileum , and large bowel, 
up  lo and includ ing  the proxim al transverse colon.

EM BRYO LO GY O F  
THE SM ALL IN T E ST IN E

T he g as tro in ies tin a l ep ith e liu m  is derivecl írom  the 
em b ry o n ic  en d o d e rm , an d  the sm oo th  m uscle , hem a- 
topo ie tic  e lem en ts , an d  co n n ectiv e  tissue are deriv ed

írom  m esoderm . T he en d o d erm , ec to d e rm , an d  m eso- 
derm  are ío rm ed  d u r in g  g as tru la tio n , w hich  o ccu rs  in 
the h ư m an  by w eek 3 of gesta tion . D u rin g  th is  process, 
the p rim itive  s treak  ap p ears  in  ihe b ila m in a r gcrm  disk  
of the b lastocyst, w h ich  is su sp e n d ed  betvveen the  yolk 
sac an d  am n io n . C ells m igra te  ven tra lly  an d  laterally , 
ío rm ing  the th ree  g erm  layers. T he g u t tu b e  form s and  
closes as the e n d o d e rm a l layer folds. In  ro d en ts , fo ld ing 
begins as the a n te r io r  in testina l p o rta ỉ form s at th e  an- 
te rio r tip  of the en d o d e rm . C ells located  at th is  po rta l 
m ove poste rio rly . T he caudal in te s tin a l p o rta l sim ilarly  
em erges a t the p o s te r io r  e n d o d e rm a l tip , and  cells lo- 
ca ted  at th is  p o s it io n  m ove an terio rly . The g u t tube 
closes as a re su lt o f th is  ío ld in g  process. T he ío reg u t 
and h in d g u t in itia lly  form  c ìo sed  sacs, b u t the m idgu t 
com m un ica tes w ith  the  yo ỉk  sac, by  the v ite lline duct. 
A berran t p e rsis ten ce  o f th is d u c t leads to the congen ita l 
anom aly  called  M e c k e ls  d iv e rticu lu m . T he en d o d erm  
con tac ts  ec to d e rm  at the c losed  en d s of the ío reg u t and 
h in d g u t, an d  íuses to  form  the b u cco p h ary n g ea l and 
cloacal m em branes.

By w eeks 4 —5 th e  g u t tu b e  e longates  rap id ly , an d  
by w eek 7, th is  ex p an sio n  forces its h e rn ia tio n  in to  
the um bilicus. By w eeks 8 —9, in te s tin a l villi have 
form ed. As the g u i re tu rn s  to the  ab d o m in al cavity  by 
w eek 10, it u n d e rg o e s  a co m p lex  series o f ro ta tio n a l 
events (Fig. 1). T h is  ro ta tio n  an d  su b se q u en t m igra tion  
o f the cecum  to  the rig h t low er q u ad ra n t resu lts  in  
the p ro p e r  an a to m ic  loca tion  o f the sm all and  large 
bovvels.



FIG U R E  1 ĩniestinal growth, herniation, and rotation. (A, B) 
At the end o f  the six th  w eek , the primary im estinal lơop herniates 
into the um b ilicu s, rotating through 90° coun ierclock w ise. (C) 
The sm all in testine e lon gatrs to  íorm jejunal-ilcal loops, ihe cccum  
and appendix  grovv, and at the end <>f the ìOth w eek , the priinary 
in testinal loop  retracts in LO the abdom ỉnal cavity, rotating an 

additional 180° counterclockxvise. (D , E) During the l l t h  w eek, 
the retracting m idgu t com p lctcs this rotation as ihc cccura is 
p osition ẹd  just in ĩerior to ihe liver. The cccum  is then d isplaced  
in íeriorly, p u llin g d o w n  the pvoximnl hindgui 10 ĩorm the ascencl- 
ing co lon . T he d escen d in g  colon is siim ilianeously  íixed  on  
the left side oí the posterior ahdominal wall. (R cprinlcd w ilh  
p erm ission  from Larsen, w .  J. (1 9 9 7 ). “Human E m bryology,” 
p. 241. w. B. Saunders Co.

IN  THE B E G IN N IN G : EARLY 
S P E C IF IC A T IO N  OF THE END O D ER M  
A N D  F O L D IN G /F O R M A T IO N  OF THE  
G U T  TU BE

H ow  is the early  en d o đ erm al ìayer íbrm ed, d is tin c t from  
m eso d erm  and  ec to d e rm ?  An expiosion  of in ío rm a tio n  
about the reg u la tio n  o f earlv encỉođerm aỉ speciR cation 
has com e fro m  s tu d ie s  in  organỉsms su c h  as the írog 
(Xenopus ỉaevis), th e  zebrafish  (Díỉỉiio rerío), and  the 
m ouse , a lth o u g h  m an v  parts  oi the rnam m alian puzzle 
still rem a in  u nso lved . A cascade oi regulatory  transc rip - 
tion  ỉacto rs ap p ears  to be responsib le for th is process. 
G enes re la ted  to Xenopus VcgT, a 'T  box" tran sc rip tio n  
íac to r, are likely  to be at the lop  of the tran sc rip tio n a l 
reg u la to ry  h ie ra rc h y , activating  Nodal signaling  and

O lh e r  t r a n s í o r m i n g  g r o w t h  factor-P  (T G F -P ) íam ily p r o -  

te ins, and  in d u c in g  exp ression  o f p ro te in s  su ch  as 
x S o x l7 a , the M ix-like paired  h o m e o d o m a in  p ro te in s  
and GATA p ro te in s. F ib rob last g ro w th  íacto rs, m em - 
bers o f ihe W n t g ro w th  íactor íam ily , a n d  re tin o ic  
acid are so lub le  íac to rs  involved in  g as tru la tio n . E xper- 
im en ts  in k n o ck o u t (n u ll)  m ice, in  w h ich  specific genes 
have b een  dele ted  to  d e te rm in e  th e ir  íu n c tio n  in  early  
em b ry o n ic  life, have sh o w n  the c ritica l ro le  o f som e of 
these tran sc rip tio n  íactors. F or ex am p le , M ixll n u ll 
(M ix ll —/ —) m ice ex h ib it a th ick en ed  p rim itiv e  s treak , 
arrested  em bryo  d ev e lo p m en t, an d  a b sen t h e a rt tube 
and  gu t, am ong  o th e r  abno rm alities. A n o th e r  im p o rta n t 
set ol p ro te in s  belongs to the h ep a tic  n u c lea r  ĩac to r 3 
(H N F 3) fam ily, w h ich  are involved in  en d o d erm al dif- 
íe re n tia tio n  at la te r stages of d ev e lo p m e n t. M any of 
these p ro te in s  play  m u ltip ìe  ro les in  the early  em bryo  
(for exam ple , in  a n te r io r—p o ste rio r p a tte rn  ío rm a tio n  
and  the c s tab lish m en t o f le f t—rig h t a sy m m etry ), th u s  it 
is likely  tha t cell-speciíìc  d ifferences in  re c e p to r  pop u - 
la tions, c o n c en tra tio n s  of m o rp h o g en s , a n d  dosage over 
tim e, as w ell as space , m ay d e te rm in e  the  speciR c end  
resu lt o f th e ir  ac tions.

T he n ex t step  in  the  p rocess o f gu t m o rp h o g en e sis  is 
ío ld ing  and  ío rm a tio n  of the gu t tube . GATA-4 and  
several o f the bone m o rp h o g en c tic  p ro te in s  ap p ear to be 
im p o rtan t regu la to rs in  m ice. F o r ex am p le , G ata4—/ — 
m ice ex h ib it ab n o rm a l ven tra l m o rp h o g en e sis , lack ing  a 
p rim ilive  ío regụ t an d  h e a r t tube . T he b o n e  m orphoge- 
netic  p ro te in s  (BM P-2, -4, -5, an d  -7 ) are exp ressed  
in ihe  an te rio r  in testina l po rtal an d  are req u ired  for 
p ro p e r  ío ld ing  of the  em bryo. T h ese  ev en ts  have no t 
been  s tu d ied  in  the h um an .

Regional D ifferentiation in the Sm all Bowel

T he m o lecu lar fac to rs  tha t reg u la te  reg io n a l speciíi- 
ca tion  a lo n g  the h o rizo n ta l axis o f th e  sm a ll in te s tin e  and  
co lon  (from  d u o d e n u m  to  rec tu m ) are  th e  su b jec t o f 
in ten siv e  investiga tion . An im p o rta n t c lass o f cand ida te  
genes is the h o m e o b o x -c o n ta in in g  (h ox) tran sc rip tio n  
íactors, w h ich  are involved  in  th e  speciR cation  of 
body  p a tte rn  and  w h ich  are exp ressed  in  spec iíìc  reg ions 
o f the  g u t m esenchym e d u rin g  em b ry o n ic  deve lopm en t 
(Fig. 2). The hox g enes are also ex p re ssed  in  thc acỉult 
h u m an  sm all in te stin e . T hese genes d e m o n s tra te  spatial 
co linearitv ; i.e., the p a tte rn  of e x p re ss io n  a long  the body 
ax is re ílccts  the ch rom osom al o rd e r  o f the  genes. T heir 
im p o rtan ce  in srnalỉ bow el o n to g en y  h as  been  dem on- 
s tra ted  in knock o u t m ice o rb y  e x p e r im e n ts in  w hich liox  
genes a re  um isexp ressedv in  an  a b e rra n t lo ca tio n  (i.e., 
m ore caudal o r v en tra l th an  the n o rra a l e x p re ss io n  pat- 
te rn ). F or exam ple , targe ted  d c le tio n  o í H oxd l2  o r
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FIG Ư R E 2 Diagrammatic representation oi the HOM-C 
com p ỉex  in D rosophila  and its p h y logen etic  h om ology  in the  
form  o f four H ox  paralogues. R eproduccd  from  Beck, F. 
(2 0 0 2 ). H o m eob ox  g en es in  gut d evelop m cn t. G ut 5 1 , p. 451 . 
W ith  p erm ission  ĩrom  ihe BMJ P ub lish in g  Group.

H o xd ĩ3  p ro d u ce s  ana l sp h in c te r  anom alies , an d  d e le tio n  
of the H oxd 4 -d ỉ3  g cne  c lu ste r y ie lds ab n o rm a litie s  in the 
ileocecal valve an d  the  py lo rus, as w ell as the ana l sp h in c- 
te r. V iraỉly m e d ia ted  m isex p ressio n  o f H o xd l3 in  m id g u t 
m eso d erm , (vvhich is no rm ally  ex p ressed  in  h in d g u t 
m e so d erm ) in d u c es  a h in d g u t en d o d e rm a l phen o ty p e . 
T hese ía se in a tin g  ex p e rim en ts  in d ica te  the im p o rtan ce  
o f the hox  genes in  n o rm al gu t m o rp h o g en esis  and  sup - 
p o rt ihe c ritica l ro lc  o f m e se n c h y m a l-c n d o d c rm a l in - 
te rac tio n s  in d e te rm in in g  cell fate (see la ter).

M em bers of th e  re la ted  Para-hox gene c lu ste r (w hich  
are d isp e rsed  h o m e o b o x -c o n ta in in g  genes), are  also im - 
p o r ta n i in  g u t p a tte rn in g  and  o rgan  sp eciíìca tion . Ju s t as 
the  Para-hox  gene P dxl  has been  sh o w n  to play a critica l 
ro le  in p an c rea tic  a n d  d u o d en a l d ev e lo p m en t, m em bers 
o f the C dx  íam ily, p a rticu la rly  Cdx2, have a c ruc ia l ro le 
in  sm all bow el ep ith e lia l d iffe ren tia tion . C dx2—/ — 
(n u ll)  m ice  d ie a t im p lan ta tio n ; how ever, C dx2-v l— 
(h e te ro zy g o u s) m ice  develop  h am arto m a to u s  lesions 
in  the sm all bow el an d  co lon . T hese  lesions co n ta in  
gastric  m u co sa  from  vario u s p a rts  o f the s to m ach , in- 
c lu d in g  sq u am o u s ío res to m ach  ep ith e liu m , suggesting  
th a t the d ev e lo p m e n t o f a p rox im al gastric  ep ith e liu m  is 
a “d e íau lt p a th w ay ” th a t is fo llow ed w h en  Cdx2 is absen t. 
C dxgenes m ay also reg u la te  the ex p ress io n  o f hoxgenes. 
Cdx2  exp ressio n  p e rs is ts  in to  ad u lth o o d , w hen  it c learly  
plays a ro ỉe  in  th e  te rm in al d iííe ren tia tio n  o f the gu t 
e p ith e liu m  (see la te r) .

T he h eđgehog  s ig n a lin g  pa thw ay has been  im p lica ted  
in  g u t m o rp h o g en e sis , as a m e d ia to r  o f e n d o d e rm — 
m esenchvm e in te rac tio n s . M ice in  w hich  th e  Sonic 
hedgeỉĩog (Shlĩ) gene , o r in  w h ich  its  d o w n stream  tran - 
sc rip tio n a l reg u la to rs , G li 2 and  GIi 3 , have been de le ted ,

show  ab n o rm a litie s  in  fo reg u t fo rm ation , w ith  anom alies 
in  lung , trachea , and  eso p h ag u s ío rm ation . Shh  null 
m ice also show  re d u c e d  in testina l sm o o th  rausc le , gu t 
m a lro ta tio n , a n n u la r  p an c reas , in te s tin a l transío rm a- 
tio n  o f the  stom ach , d u o d e n a l s tenosis , an d  im perfo rate  
anus. E ctop ic ex p ressio n  o f Shh  in d u ces Bmp4  and 
H o xd l3  exp ressio n  an d  resu lts  in  m uscle h y p ertro p h y  
in  the gu t, suggesting  a ro le  in  rad ia l (from  villus tip  to 
sm o o th  m usc le /sero sa ) d iffe ren tia tion .

C R Y PT —V ILLU S A X IS F O R M A T IO N , 
E P IT H E L IA L -M E S E N C H Y M A L  
IN T E R A C T IO N S , A N D  EPITH ELIAL CELL  
D IF F E R E N T IA T IO N

C rypt—V illus A xis M orphogenesis

T he p rin c ip a l an a to m ic  a n d  íu n c tio n a l (absorp tive) 
u n it o f the  sm all in te s tin e  is the  cry^pt—villus axis 
(Fig. 3 ). T he c ry p ts  o f L ie b erk u h n  co n ta in  p resu m p tiv e  
gu t ep ith e lia l stem  cells th a i are the  sou rce  of the  four
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F IG U R E  3  M odel o f  organ ization  o ĩ  the sm all intestinal 
c r y p i-v i l lu s  axis. The sm all in tesũ n al crypt con ta ins approxi- 
m ately  2 5 0  celìs. A nchored  stem  cells (w h ite) are located in  the 
lower crypt and give rise to proliíerating daughter cells that mig- 
rate up tow ard the v illu s. T hese differentiate in to  en terocytes, 
gob let cells , and en teroen d ocrin e  cells. Paneth ce lls also arise 
from  the stem  cell and d iííeren tia te during dow nw ard transloca- 
tion  to the base. S en escen t ce lls  are extruded  near the v illu s tips. 
R eproduced  w ith  p erm ission  from  Rubin, D. c. (1 9 9 9 ). Small 
intestine: A naiom y and structural anom alies. In  “T extbook of  
G astroenterology” (Yam ada, T., A lpers, D. H., Laine, L., O w )’ang, 
c . ,  and P ow cll, D. w . ,  ed s.) . 3rd  Ed., V oi. 2, pp. 1561 — 1583. 
C opyright L ippincott VVilliams and W ilk ins. Adapted from  
G ord on ,J . I. (1 9 8 9 ). ln testinal ep ithelia l d iííerentiation: N e w in -  
sigh ts from  ch im eric and transgenic m ice. J. Ceỉỉ Biol. 1 0 8 , 1187.



m ajo r cell types o f the  g u t m ucosa. The s tem  cells, lo- 
ca ted  n ea r the  base of the  c ryp ts, give rise to p ro liíe r- 
a ting  d au g h te r  cells in  the  m id c ry p t reg ion ; d au g h ter 
cells in  tu rn  m ig ra te  o n to  th e  v illus to  b ecom e te rm inally  
d iffe ren tia ted  (n o n p ro liíe ra tin g )  absorp tive  en tero- 
cytes, m u c u s-sec re tin g  gob le t cells, o r en tero en d o c rin e  
cells, o r  to the  b o tto m  o f th e  c ry p t to becom e P aneth  
cells. T w o ad d itio n a l, ra re r  cell types th o u g h t to arise 
from  the  sam e stem  cell are  th e  ep ithelia l M cell, w h ich  
overlies Peyer’s p a tch es, an d  the  tufi or caveolated  cell, a 
v illu s-assoc ia ted  cell.

T he sm all in te s tin a l ep ith e lia l c ry p t—villus ax is is 
ío rm ed in  h u m a n s  by w eek  12 o f gestation . T h e  com plex  
process of c ry p t—villus m orp h o g en esis  begins w ith  
m a rk e d  p ro life ra tio n  o f  th e  u n d iffe ren tia ted  end o d erm  
and  su rro u n d in g  m esen ch y m e of the gưt tube. The en- 
d o derm  and  m esen ch y m e becom e stratified , an d  then  
u n d erg o  a rem o d e lin g  p ro cess  th a t resu lts  in  the ío rm a- 
tio n  of a lu m en  a n d  villi. T h is  p roceeds over tim e in  a 
ro s tra l-to -cau d a l d irec tio n . ĩn te stin a l villi form  by 
w eeks 8 - 9 ,  fo llow ed by the  cryp ts by vveeks 1 0 -1 2 .  
M esenchym al cẹlls in v ag in a te  in to  the en d o d e rm  to 
form  cryp ts a n d  villi. C ells wit.h the ap p ro p ria tc  
m o rp h o lo g ic  ch a rac te ris tic s  of en terocy tes, goblet 
cells, e n te ro en d o c rin e , an d  P aneth  cells can  be iden ti- 
fied by w eek  12. Beíore b ir th , the v illus-associated  en- 
te rocy tes acq u ire  all th e  b ru sh  b o rd er enzym es (e.g., 
su c ra se — isom altase , lactase, an d  pep tidases) an d  trans- 
p o rte rs  (for g lucose , íru c to se , etc.) requ ired  for no rm al 
n u tr ie n t ab so rp tio n . H o rm o n a l factors su ch  as gluco- 
co rtico id s , and  g ro w th  íacto rs such  as ep iderm al grow th 
factor a n d  the TGF-|3 fam ily, are likely to p lay  an  im- 
p o r ta n t tro p ic  a n d  m a tu ra tio n a l role.

E pithelial—M esenchym al Interactions

M any years o f e x p e rim en ta tio n  have show n  tha t 
m esen ch y m al—ep ith e lia l in te rac tio n s  are critica l for 
the  [o rm a tio n  of the  c ry p t—villus axis. F o r exam ple , 
p rim itive  en d o d e rm  c a n n o t d iííe ren tia te  in  cu ltu re  
w ith o u t the  p resen ce  of m esenchym e. E n d o d erm  
a n d  m e so d e rm  have in d u c tiv e  capab ilities (i.e ., each 
can  d ire c t th e  d iffe ren tia tio n  of the o th e r  tissue in  
co c u ltu re  m o d e ls). As in d ica ted  prev iously , S h h —BMP 
signaỉing  from  en d o d e rm  to m esenchym e is im p o rta n t 
in  early  gu t ío rm a tio n . T he req u irem en t for m esen- 
chym e in the  m a in te n an c e  of the c ry p t—villus axis 
has b een  co n firm ed  by s tu d ies  o f F o rkhead  6 (F kh  
6; now  F o x ll) ,  N k x 2 .3 , a n d  ep im o rp h in , ind icating  
th a t th e  absence o f  th ese  m esenchym al íac to rs  d ram at- 
ically a lters  the  n o rm al m o rp h o lo g y  of the c ryp ts and 
villi.

Crypt Stem Cells and Epithelial 
C ell Differentiation

Precise iso la tion  and  iden tifica tion  of the in te stin a l 
c ry p t stem  cell have rem ain ed  elusive, because, u n lik e  
o th e r  p ro g en ito r cells, su ch  as the hem atopo ie tic  stem  
cell, genetic m arkers  have yet to be characterized . H ow - 
ever, som e of the  factors th a t m ain ta in  the c ry p t’s p ro - 
liferative co m p artm e n t have been d iscovered. T he W n t/ 
p -ca ten in /ad en o m ato u s po lyposis coli (APC) signaling  
pathw ay , critically  im p o rta n t in  co lon  carcinogenesis, 
also  appears to be req u ire d  for the m ain tenance  o f the 
norrna l c rỵ p t—villus axis. M ice w ith  d e le tio n  of the  gene 
en co d in g  Tcf-4, a m em b er of the Tcf/Lef fam ily of 
hydroxyixiethylglu taryl coenzym e A (HM G) box  tran - 
sc rip tio n  íactors th a t are dow nstream  effectors of th is 
pathw ay , show  the absence of pro liferative com part- 
m e n ts  in  the prospec tive  crypt region. M ice w ith  th is 
defec t die so o n  a íter b irth . A íascinating  s tu d y  has p ro - 
v ided  som e insigh t in to  how  eellu lar co m p artm en ta li-  
za tio n  and m igra tion  a long  the c ry p t—viìlus axis are also 
reg u la ted  by  th is pathvvay. P -C aten in /T  cell factor 
(T C F ) com plexes regu la te  the exp ressio n  of e p h r in  B 
(EphB ) rec ep to r  ty rosine  kinases. M ice co n ta in in g  nu ll 
m u ta tio n s  for bo th  tbe EphB2 and  EphB3 recep to rs  
show  in ap p ro p ria te  m ix ing  on  the v illus o f p ro liíe ra tive  
cells, w h ich  are norm ally  stric tly  co n íìn ed  to the  crỵpts. 
T he m ig ra tion  of P aneth  cells to the base o f the c ry p t also 
ap p ears  d e p e n d en t on EphB recep to r ty rosine  k inases, 
because  d e le tio n  of the EphB3 recep to r ty rosine  k inase 
resu lts  in  localiza tion  of P an eth  cells on  the villi as well 
as in  the crypts.

A key challenge for the  íu tu re  is to  d e lin ea te  the 
p a thw ays th a t d e te rm in e  how  in te stin a l s tem  cells 
co m m it to becom e en terocy tes, en te ro en d o c rin e , 
P aneth , o r goblet cells. E vidence ind ica tes th a t the 
N o tch  signa ling  pa thw ay  plays an im p o rta n t ro le  in 
th is  process. T argeted  de le tio n  in  m ice o f a co m p o n en t 
of the  N oich  signaling  pathw ay, called M ath  1, p ro d u ces  
a c ry p t—villus axis th a t co n ta in s  on ly  en terocy tes, sug- 
gesting  th a t exp ression  o f  M ath 1 forces the s tem  cell 
in to  a up ro sec re to ry ” pheno type  (P aneth , en tero - 
en d o c rin c , an d  goblet ce lls are secreto ry  cells). A no ther 
m em b er o f th is  pathw ay , H e s l , appears to  íu n c tio n  as a 
basal in h ib ito r  o f en te ro en d o c rin e  cell d iffe ren tiaúon . It 
has been  hỵp o th esized  th a t high leveis o f N o tch  express- 
io n  induce  inc reased  H e s l exp ression , w h ich  in  tu rn  
in h ib its  M ath  1, th u s  lead ing  to the “deĩau lt" en terocy tic  
pathw ay. F inally , the  Para-hox gene Cdx2  has a crucial 
ro le  in  en terocy tic  d iffe ren tia tion . lt is exp ressed  in  the 
dev e lo p in g  and  the  ad u lt gut. w h e n  tran sĩec ted  in to  a 
cryp tlike  ep ithe lia l cell line, it in d u ces an en terocy te - 
like pheno type . Cdx2  also regulates the  exp ression  of a



variety  of en terocy te-spec iíìc  genes, such  as sucrasc — 
isom altase.

In  conc lu sion , a lth o u g h  the  descrip tive em bryology 
of the  h u m a n  Sĩĩiall in te s t in e  has b e e n  w ell ch a ra c te r -  
ized, its m o lecu lar basis is still the sub ject oí in tensive 
investiga tion . S tud ies using soph istica ted  techn iques to 
analyze gu t deve lopm en t in transgenic and  k n o ck o u t 
m ice, as w ell as in  Drosophila , zebrafish, and  Xenopus, 
have p ro v id ed  a w ealth  o í new  in ío rm ation . These 
stud ies p lus know ledge of the h u m an  genom e shou ld  
so o n  p erm it the id en tiíìca tio n  of the m o lecu lar basis of a 
varie ty  of in testin a l b irth  deíects.

See Also the Follow ing Articles
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C hron ic  gas troesophageal reỉlux  leads to  the form a- 
tion  of in te s tin a l m etap lasia  o r B arrett’s esophagus. 
P atien ts  w ith  B arre tt’s esophagus m ay develop dysp lasia 
w ith  an  in c reased  risk  for esophageal adenocarc inom a. 
S m oking increases the am o u n t of gastroesophageal re- 
flux p red isp o s in g  to  B arre tt’5 esophagus. S m okers w ith  
B arre tt’s are a t increased  risk  of develop ing  adenocar- 
cinom a. T he risk  rises w ith  the  am o u n t an d  d u ra tio n  of 
sm ok ing  an d  does n o t decrease u n til 30 years postces- 
sa tion . T obacco  use  is definitely  responsib le  for eso- 
phageal sq u am o u s cell cancer and adenocarc inom a.

G astric  ad e n o ca rc in o m a is tw ice as com m on  in 
heavy sm o k ers , c u rre n t sm okers, and those tha t s ta rted  
sm ok ing  at a yo u n g er age.

C igarette  sm o k in g  is a risk  ĩactor for the develop- 
m en t o f co lo rec ta l adenom as and  co lo recta l ca rc inom a, 
m ost m arked ly  a íte r  20 years of use. Also, it is associa ted  
w ith  in c reased  risk  of m orta lity  in b o th  m en  and  w om en  
w ith  co lon  cancer.

T h e  m ost im p o rta n t env iro n m en ta l risk  factor 
s trong ly  associa ted  w ith  pancreatic  cancer is sm oking . 
T he risk  rises w ith  increased  am o u n ts  of sm o k in g  and 
decreases to that o f the no rm al p o p u la tio n  15 years a íter 
cessa tion  o f sm oking . Pancreatic  lu m o rs have been 
found  after lo ng -te rm  con su m p tio n  of tobacco-specific 
n itro sam in es in  d r in k in g  vvater.

In  h ep a to c e llu la r  ca rc inom a, sm o k in g  as a risk  fac- 
to r is con trovers ia l, b u t m ost of ihe cu rre n t eviclence 
suggests th a i ii has  a m in o r ìơlê.

See A lso the F ollow ing Articles
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Solitary Rectal ulcer Syndrome
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Delorme procedure Pcrineal approach to the repair of rectal 
procidentia in w h ich  there is circum íerentia] m ucosect- 
omy followed by longitudinal plication of the rectal wall, 
and m ucosal reapproxim ation. 

intem al intussusception Rectal intussusception in which the 
lead point rem ains above the pelv ic  íloor (also called  
occu lt prolapse). 

intussusception Invagination or prolapse of One segment of 
bow el into the lum en o f  the im m ediately adjacent 
segm ent.

rectal procidentia C ircum íerenlial fu ll-th ic k n e ss  intussus- 
ception  o f the rectum  in w h ieh  the lead point o f the 
intussusception  descends through the anal canal. 

r e c to p e x y  F ix a tio n  by su tu re  or  p r o sth e tic  m e sh  o f  the  
m obilized rectum  to the presacral fascia (to  prevent 
rectal ín lussusception ). 

solitary rectal u lcer syn drom e C on dition  thai is clin icaỉly  
characterized bv a disturbance o f deíecation , b lood and 
m ucus per rectum , and abnorm alities o f the rectal wall 
ranging from erythem a 10 polyp  íorm ation to ulceration; 
histologically  characterized by obliteration oí the lam ina  
propria by Rbrom uscular proliỉeration  derived from the 
m uscularis muGósae, th icken ing  o f the m uscularis 
m ucosae, and som etim es m isp laced  m ucosal glands deep  
to the m u scu la r is  m u c o sa e .

Solitary rectal u lcer syndrom e (SRƯS) is a spectrum  of 
clinicopathological abnorm alities of uncertaỉn  etiology. 
The condition  is poorly  und ersto o d  and even the nam e 
is misleading— the lesion on the rectal wa!l may be 
neither solitary n o r ulcerative. The essential ĩeatures 
of the  syndrom e are a d is tu rbance  of defecation, the 
passage of blood and m ucus p e r rectum , and abnorm al- 
ities o f the rectal vvall, ranging from  erythem a to polyp 
íb rm ation  and ulceration . T here is an association  of 
SRUS w ith  íailure of relaxation  o f the pelvic íloor during  
deíecation , w ith in te m a l in tu ssu scep tio n  of the rectum , 
and w ith  overt rectal prolapse. O ptim al therapy of SRUS 
is unclear, and the role o f surgery  is prim arily  guided by 
the presence or absence of e ith e r  overt or occult (inter- 
nal in tu ssuscep tion) rectal p ro lapse . In fact, the under- 
stand ing  of SRUS and  the m anagem ent o f th is condition  
may be enhanced by recognizing tw o discrete en tities—  
SRƯS w ith  and w ith o u t in tu ssu scep tio n  of the rectal 
wall.

C L IN IC A L  FEA TU R ES

Solitary  rectal u lcer synd rom e (SRƯS) affects m en and 
w o m an  ap p ro x im ate ly  equally , a lth o u g h  sorae stud ies 
have found a íem ale p red o m in an ce . It is m ost o íten  seen 
in  y o u n g  adu lts , bu t the co n d itio n  has p resen ted  in  chil- 
d ren  as well as in p a tien ts  over the  age of 60 years. The 
typical sym ptom s are s tra in in g  at evacua tion  of stool, 
o ften  for p ro lo n g ed  p e rio d s of tim e, a ĩeeling  of incom - 
p le te  rec tal em p ty ing , and  the  passage of b lood  and  
m u cu s  per rec tum . Fecal in c o n tin e n ce  is rare, bu t 
m u c u s  leakage is com m on . M any p a tien ts  re so rt to 
se lí-d ig ita tion  e ith e r  to  aid  evacua tion  or, less com - 
m on ly , to relieve a sense  of o b s tru c tio n . T he percen tage 
o f p a tien ts  w ho  suffer an o rec ta l, p erinea l, o r low er 
ab d o m in a l pain  is h igh ly  variable. M ost series rep o rt 
delays in  d iagnosis o f several years.

T he sym ptom s and  signs are  closely linked  to the 
p resen ce  or absence o f overt rectal p ro lapse , w h ich  is 
p re se n t in ab o u t 25%  o f patien ts. T he general physical 
ex am in a tio n  is u n rem a rk a b le , b u t ano rec ta l evaluation  
is alw ays abnorm al. O n  s tra in in g , rough ly  half o f the 
pa tien ts  w ill show  m ark ed  p erin ea l descent. In pa tien ts 
w ith  overt rec ta l p ro lapse , the sym ptom s and  physical 
find ings of p ro lap se  m ay p red o m in a te , in c lu d in g  fecal 
in c o n tin e n ce  and  a low  tone, p a tu lo u s  anus. In the ab- 
sence o f overt rec ta l p ro lapse , an a l tone and  squeeze are 
likely  to be norm al. D igital rec ta l exam ina tion  m ay re- 
veal in d u ra tio n  and  th ic k en in g  o f the rectal w all, o r a 
p o ly p o id  m ass m ay be feìt. T he lesion  is usually  m obile  
o n  th e  u n d erlỵ in g  m uscle .

S igm oidoscopy  is ab n o rm a l and  m ay reveal a w ide 
range of findings. T he classical u lc e r  is shallovv w ith  a 
w h itish  base, a th in  e ry th e m ato u s  rim , and  w ith  norm al 
su rro u n d in g  m ucosa. T he u lcers m ay vary in s iz e , shape, 
n u m b e r, and  location . T he lesio n s are m u ltip le  in about 
o n e - th ird  of cases. A p o lypo id  lesion  m ay be p resen t in 
25% o f the  cases, an d  in  som e p a tien ts , th e re  may only  be 
patchy , g ran u la r e ry th em a o f the  m ucosa. T he changes 
o f SRƯS are m ost íreq u en tly  seen  an terio rly , b u t m ay 
occu r a t any p o in t o n  the  rec ta l w all, even circum fer- 
en tially . T he u sua l level is b e tw een  6 and  10 cm  from  the 
ana l verge b u t  m ay o cc u r from  4  to 15 cm . C on íluen t



FIGƯRE 1 (A) O vervievvof SRUS with a po lyp oid  m ucosa. (B) D e ta ilo f  m ucosa, sh o w in g a  hyalinc-
like lam ina propria w ith  fibrom uscular replacem ent o f the lam ina propria and a m arkedly thickened  
m uscularis m ucosae. (C) D etail o f  the loss o f inílam m aiory ce ils in  the lam ina propria, w ith  bu n dles o f 
sm ooth  m uscle íihers running paraỉlel to the crypis.

circum íeren tia l ehanges may rarely  p ro d u c e  rec ta l 
stenosis.

HISTOLOGY

Biopsies m ust be tak en  to con íìrm  the d iagnosis. T hese 
shou ld  be taken  from  the  edge o f an  u lce r o r  from  the 
hyperem ic o r p o ly p o id  m ucosa. The m ain  h isto log ic  
íea tu res  are o b lite ra tio n  of the  lam ina  p ro p ria  by 
íìb rom uscu la r p ro liíe ra tio n  of the m u scu la ris  m ucosae, 
m uscle íìbers s tream in g  up betw een  ihe  c ryp ts, th ick - 
e n in g o f  the m u scu la ris  m ucosae (Fig. 1), an d  m isp laced  
m u co sa l g lands deep  to  the m uscu la ris  m ucosae . S im ilar 
find ings have been  described  in  b iopsies o f  p ro lap sin g  
m ucosa o ccu rring  elsew here in  the g as tro in tes tin a l 
trac t w hen  p ro lapse  occurs. In  the large bovvel, these 
inc lude “ostom y” sites, h em o rrh o id s  and  in flam m ato ry  
cloacogenic po lyps (w hich are v irtua lly  id en tica l to 
SRƯS b u i o ccu r a t the  d en ta te  line ), an d  a ro u n d  the 
oriíìces of d iverticu la .

C om plications tha t o ccu r are m ost íreq u e n tly  su p er- 
íìcial erosions o r u lcers thai can  b leed  (Fig. 2A), ische- 
m ia w ith  a typical p seu d o m cm b ran e  and  íìb rin  th ro m b i 
in  the superíìcia l cap illaries, and  reactive ch an g es in  the 
u n d erly in g  e p íth e liu m  (Fig. 3). If there  is h em o rrh ag e  
in to  the  stalk , th e re  m ay be m isp laced  g lan d s  in  the 
sub m u co sa  sim ilar to  tha t fou n d  in the overly ing  mu* 
cosa a lthough  w ith o u t the íeatu res o f p ro lap se  (co litis 
cystica p ro íu n d a ), and  often accom pan ied  by su rro u n d -  
ing  lam ina p ro p ria , h em orrhage , and  h em o sid e rin - 
laden  m acrophages. Im m ediate ly  b e n e a th  m ucosae 
w ith  u lcera tio n  o r erosions, the  c ryp ts m ay have a 
ste lla te  o r se rra ted  ap pearance  sim ilar to  th a t found  
in  hyperp lastic  po lyps (Fig. 2B). S om etim es the  reactive 
changes may be very m arked  and  m im ic ad e n o m a to u s  
change; p ro liíe ra tio n  to the su ríace  may occu r. T he 
b iopsies shovvn in  Fig. 4 are deem ed  su ĩíìc ien tlv

adenom a-like  th a t th e  p a tie n t is b e in g  fo llow ed regu- 
larly to ensu re  th a t there  is no  p ro g ressio n , b ecau se  the 
na tu ra l h isto ry  of un u su a l changes such  as these is 
unknovvn. T h ere  is, o f course , 110  rea so n  w hy ad en o m as 
sh o u ld  no t o ccu r in  SRUS, b u t typical ad en o m as ap p ear 
to be exceedingly  rare.

INVESTIGATIONS

The d iagnosis o f SRƯS is m ade by  h is to ry , physical ex- 
am ination , endoscopy , an d  b iopsy . R adiologic and  
physio logic s lu d ies  are o f m in im al d iagnostic  value. 
H ow ever, investiga tions m ay h e lp  to deíìne  the p a th o - 
genesis o f th is  co n d itio n  in  an  in d iv id u a l p a tien t an d

FIG U R E  2  Area with superíỉcial ulceration (left). Note that the 
crypts im m ed iately  beneath the ulcerated suríace can take on an 
appearance that m im ics that seen in a hypcrplastie p olyp  with  
serrated crypts, a nonspeciíìc  pattern that can occu r beneath  
any ulcerated suríace in the large bovvel.



F 1G U R E  3  (A ) Ischem ic ch an ges w ith  a superíìcial p seu d om em brane are com  m on . (B) D etail o f
p seu d om em brane and íìbrin throm bi in  capillaries. (C) Reactive ch an ges in u n d cr ly in g ep ith e liu m  and  
íìbrin throm bi in capillaries.

m ay aid in  th e ra p eu tic  p la n n in g . T he c o lo n  sh o u ld  be 
evaluated  to ex c lu d e  co e x istin g  patho logy .

Defecating Proctography

E vacuation  p ro c to g rap h y  (deíeco g rap h y ) can  dem - 
o n stra te  ab n o rm a l rec ta l m ech an ỉcs  d u rin g  d e íeca tion , 
inc lu d in g  failu re of the  an o re c ta l angle to o p en , incom - 
p le te  em p ty ing  o f the  re c tu m , perineal d escen t, an d  
in tu ssu sce p tio n  of the  rec ta l w all, w ith  the  in tu ssuscep - 
tion  rem a in in g  above the  pelv ic  floor (occu lt rectal p ro- 
lapse o r  in te rnal in tu ssu sce p tio n ) o r ex iting  Via the anus 
(overi rrc ta l p ro lapse ).

Physiologic Studies

T he re su lts  o f p h ysio log ic  s tu d ies  have b ee n  vari- 
able. P hysio logic p a ra m e te rs  co rre la te  w ith  the  p resen ce  
or absence o f rectal p ro lap se  an d  the deg ree  of p ro lapse . 
Anal m a n o m etry  has b een  rep o rted  lo be n o rm a l, o r tơ 
d em o n slra ie  red u ced  res tin g  an d  squeeze p ressu res , pri- 
m arily  re la ted  to  w h e th e r  o vert rectai p ro lap se  is pres- 
en t. P u d en d a l n eu ro p a th y , p erinea l d esce n t, and  
inab ility  to expel a rec ta l b a llo o n  are all cơ m m o n  find- 
ings. E lectrophysio log ica l s tu d ie s  have d em o n s tra te d  
failu re of p u b o rec ta lis  m usc le  re lax a tio n  an d  in ap p ro - 
p ria te  co n tra c tio n  of the  p u b o rec ta lis  m u sc le  d u rin g  
a ttem p ts  at rec ta l evacua tion .

Endoanal Ultrasound

C h arac teris tic  íìn d in g s  are th ic k en in g  of the 
m u scu la ris  p ro p ria  an d  an  in d is tin c t tran s itio n  be tw een  
the  m ucosa an d  m u sc u la ris  p ro p ria . T h ic k en in g  o f the 
in te rn a l sp h in c te r  is co m m o n ly  seen. Less frequen tly , 
the su b m u co sa  and  ex te rn a l sp h in c te r  m ay also  ap p ear 
to be th ick en ed . ư l t ra s o u n d  m ay  also be u sed  to con íìrm  
n o n re la x a tio n  of the p u b o rec ta lis .

PATH OG ENESIS

T he etio logy  of SRUS is u n k n o w n , an d  it is likely  tha t 
the re  a re  a  varie ty  of causes. Tw o íactors ap p ear to 
p re d o m in a te , n o n re la x a tio n  (o r p a radox ica l con trac- 
tion ) o f th e  p u b o rec ta ỉis  m u sc le  an d  rec ta l p ro lapse . 
T he ev id en c e  suggests th a t p a tien ts  w ith  n o n re lax in g  
p u b o rec ta lis  and  p a tien ts  w ith  p ro lapsc  are d is tin c t clin- 
ical g ro u p s  an d  th a i th e re  is n o t a p ro g ressio n  from  
“sp astic  pelv ic  ílo o r” to rec ta l in tu ssu scep tio n , or 
from  in te rn a l in tu ssu sce p tio n  to overt fu ll-th ickness 
p ro lâpse .

S ira in in g  ag a in si a n o n re la x in g  pelvic floor m ay pre- 
d ispose  to a cascade o f d irec t traum a to the m ucosa 
aga inst the  closeđ  ana l canal, m ucosal p ro lapse , m uco- 
sal isch em ia , and  m ucosal u lcera tion . N onre lax ing  
p u b o rec ta lis  has b ee n  d esc rib ed  in  o n e -h a ỉí to th ree- 
fo u rth s  o f p a tien ts  w ith  SRUS. T he inc idence o f overt 
o r  o cc u lt rec ta l p ro lap se  is h igh ly  variable in  the liter- 
a tu re ; a deg ree  o f p ro lap se  m ay be seen  in  80%  oí pa- 
tien ts w ith  SRUS.

D irec t trau m a  fro m  se lf-d ig ita tion  has been  
suggested  as a causative íac to r, b u t th is  seem s very un- 
likely; le s ỉo n s  are o ften  located  b eyond  the reach  of a 
finger, m an y  p a tien ts  w ho  se ỉí-d ig ita te  d o  n o t develop 
the  sy n d ro m e , and  cessa tion  of se lf-d ig ita tion  does no t 
lead  to  m u c o sa l hea ling .

TREATM ENT  

C onservative Treatm ent

T op ica l th e rap ies , o f w h ich  m any ha ve b een  tried , 
are g en era lly  u n su ccess íu l. T he on ly  effective n o n oper- 
ative tre a tm e n ts  ad d re ss  the  u n d erly in g  deíecation  
d iso rd er. P a tie n ts  m u s t le a rn  to avo id  stra in ing , to re- 
s tr ic t the  n u m b e r  o f v isits to the to ile t, an d  to decrease 
the  d u ra tio n  of each  v isit. A h ig h -íib e r d ie t m ay be



F IG U R E  4  (A, B) M arked reactive changes m im ick in g  dysplasia, w ith  straiiíĩed  n u cle i su ggestin g
low -grade dysplasia. (C) Mib-1 (K i67), a proliíeration  m arker, sh o w s ex ten sio n  o f  the proliíeraũve  
zon e to the surỉace. (D ) p53  im m unosta in ing  is unrem arkable, w ith  on ly  occasion al n u c le i sta in ing in  
the usual distribution (norm al pattern).

help íu l. B iofeedback re tra in in g  of the deíecation  m ech- 
an ism , in  co m b in atio n  w ith  p a tien t education , has had  
variable ra tes o f success, b u t if  the  p a tte rn  of abnorm al 
deíecation  can be co rrec ted , m ost p a tien ts  will have at 
least sym ptom atic  im p ro v em en t if n o t com plete  h ea lin g  
of the rectal lesion. The m ajority  of patien ts can be 
m anaged nonopera tively . B ioíeedback an d  counseling  
m ay need  to  be repeated  because the ben e íìts  ap p ear to  
d e terio ra te  over tim e. B ioíeedback can be used  alone o r 
as an  ad ju n c t to opera tive  treatm ent.

O p e r a t iv e  T r e a tm e n t

SRUS in  associa tion  w ith  overt rec ta l p ro lapse  
sh o u ld  be trea ted  by operative rep a ir  o f the pro lapse . 
P atien ts w ith  overt rec ta l p ro lapse  are no t helped  by

n o n o p era tiv e  app rơ aches. T h e  o p tim al th e ra p eu tic  ap- 
p roach  to o ccu lt p ro lap se  is less clear, b u t  if conservative 
trea tm e n t fails, th e n  o p era tiv e  co rre c tio n  of th e  in tus- 
su scep tio n  is reasonable .

The bes t w ay to  rep a ir  rec ta l p ro lap se  rem a in s an  
ex trem ely  d ifficu lt and  c o n te n tio u s  issue. M any opera- 
tions have been  describ ed  a n d  th e re  is no  consensus 
reg a rd in g  w h ich  is best. It is inc reasing ly  accep ted  
th a t no  single o p e ra tio n  is b es t in  all c ircum stances. 
In  se lec ting  the p ro ce d u re  for an  in d iv id u a l patien t, 
th e  su rgeon  m u st co n s id er  the  g en e ra l h ea lth  and  age 
of the pa tien t, the  m o rb id ity , m o rta lity , and  rec u rren c e  
ra te  for th e  o p e ra tio n , a n d  th e  effect o f the o p era tio n  on  
co n c o m itan t sy m p to m s su ch  as fecal in c o n tin e n ce , con- 
stip a tio n , and  ineffective em p ty ing . W h a tev er opera tive  
ap p ro a ch  is tak en , it is essen tia l to  recogn ize  iha t



co rrec tio n  o f p ro lap se  is n o t eq u iv a len t to sym ptom  
c o n tro l— íecal m c o n tin e n ce , m u c u s  d ischarge, tenes- 
m u s, an d  s tra in in g  m ay  all p e rsis t desp ite  co n tro l of 
th e  p ro lapse .

T he m ain  opera tive  ap p ro a ch es  are abdom inal and  
p erinea l. In general, th e  ab d o m in a l o p era tio n s have 
lo w er rec u rren c e  ra te s  co m p ared  to  the p erineal oper- 
a tio n s, b u t are  asso c ia ted  w ith  g rea te r m o rb id ity , in- 
c lu d in g  b leed ing , in ỉe c tio n , bow el o b stru c tio n , an d  
sexual dy síim ctio n  se co n d a ry  to  in ju ry  of pelv ic au to - 
n o m ic  nerves. M o rb id ity  m ay be red u c ed  w ith  a lapa- 
ro sco p ic  approach .

Abdominaỉ Operaíions

T he m edically  fìt p a tie n t has conven tiona lly  b een  
trea ted  by an  ab d o m in a l ap p ro ach . T he p o p u la r  abdom - 
in a l o p era tio n s  in c o rp o ra te  íìx a tio n  of the m ob ilized  
rec tư m  to the p resacra l fascia, w ith  or w ith o u t resection .

R ectopexy  T h e  rec tu m  is fully m ob ilized  and  as 
th e  rec tu m  is re ira c te d  in  a cep h alad  d iree tio n , the lat- 
eraỉ ligam ents o f th e  re c tu m  (o r la te ra l rectal tissues) are 
íìxed  w ith  su tu re s  to  the  p resacra l fascia. T he degree to 
vvhich the  rec tu m  sh o u ld  be m ob ilized  an te rio rly  and  
la tera lly  is co n tro v e rs ia l, b u t th e re  is com plete  agree- 
m e n t th a t íull p o s te r io r  m o b iliza tio n  to the tip  of the 
coccyx  is im p o rta n t in  red u c in g  recu rren ce . T h is is a 
s im p le  proceclure w ith  a re c u rre n c e  rate in  the  range o í 
5% in  m ost series. T he m o b ilized  rec tu m  m ay be an- 
ch o re d  to  the p resacra l fascia w ith  the use of a p ro s th e tic  
m esh  th a t partia lly  en c irc le s  the rec tu m . A p artia l w rap , 
leav ing  the  a n te r io r  o n e -fo u rth  to  o n e-h a lf  o f the rectal 
c ircum ference  free, p rev e n ts  o b stru c tio n . T he perito - 
neu m  is cìosed o ver th e  m esh  to  avoid  a d h e sio n  of 
sm all bow el loops. T h e  re c u rre n c e  rate  w ith  th is  ap- 
p ro ac h  is also very  low , less th a n  5% in  m any  large 
series. Ư n ío rtu n a te ly , rec to p ex y  is often  co m p lica ted  
b y  o n g o in g  p ro b lem s w ith  ev acu a tio n , and  th is  m ay 
be especially  true  in  the  SRƯS po p u la tio n .

R esec tio n  T he resectional procedures are com bi- 
nation  re c to p ex y -re sec tio n , an terio r resection, and low 
an terio r resection. w h e n  resection of the redundan t sig- 
m oid  co lon  is added  to rectopexy, p rosthetic m esh is 
avoided because of the risk  of infection. The colonic re- 
section  is generally ex tended  proxim aliy  to elim inate the 
red u n d a m  sigm oid co lon. R ecurrence is in  the  range of 
5 —10%. Resection—rectopexy m ay im prove constipation, 
b u t the quality  of th is evidence is poor. E xtending the 
resection below  the peritoneal reílection  appears to in- 
crease m orbidity  \ \ i th o u t decreasing the recurrence rate.

P erinea l a p p ro a c h e s  T he p rin c ip a l a ttrac tio n  of 
th e  p e rin ea l o p e ra tio n s  is th a t they  are w ell to le ra ted , 
even by  írail pa tien ts . T h e  p erin e a l o p era tio n s  can be 
p e río rm e d  u n d er reg io n a l o r local anesthesia , an d  these

o p e ra tio n s  are especially  a ttrac tive  w h en  there  has been  
p rev io u s pelvic surgery . As w ith  the abd o m in al opera- 
tions, fu.ll m ech an ica l an d  an tib io tic  bow el p rep a ra tio n  
is used. T he o p e ra tio n s  m ay be done  in  the  lith o to m y  or 
p ro n e  ja ck k n ife  position .

D elo rm e p ro c e d u re  In th is  o p era tio n , the m u- 
cosa is c irc u m íe re n tia lly  s tr ip p e d  off the  u n d erly in g  
m uscle  from  1.5 cm  p ro x im a l to  the d en ta te  line  to 
the  tip  of the p ro lap sed  rec tu m ; the m ucosal tube is 
d issec ted  u n til re s is tan ce  is en c o u n te re d . T he d en u d e d  
rec ta l w all is lo n g itu d in a lly  p lica ted  w ith  a series of 
abso rbab le  su tu res , the m u co sa l tube is excised , an d  
th e  m ucosa  is rea p p ro x im a te d . T he D elorm e o p era tiơ n  
m ay n o t be ideal in  p a tien ts  w ith  so lita ry  rec ta l u lcer 
sy n đ ro m e if th e re  is a lot o f in d u ra tio n  o f the rectal w all. 
R ecu rrence ra tes range from  5 to 27%.

P erin ea l p ro c to s ig m o id e c to m y  W ith  the rec tum  
p ro lap se d , a c ircu m ĩe ren tia l in c is io n  2 cm  p ro x im al to 
the  d en ta te  line is d eep en ed  th ro u g h  the full th ick n ess  of 
th e  bow el w all. T he p c rito n eu m  is o p en ed  an d  the 
rec to sigm oid  is m ob ilized  u n til  th e  re d u n d a n t bow el 
ca n n o t be pu lled  d o w n  any  íu rth e r. A n terio r and  pos- 
te rio r  p lica tio n  of the leva to r m uscles m ay be added  at 
th is  p o in t. A bou t 2 cm  d ista l to  the anus, the  in n e r tube 
o f the rec to sig m o id  is tran sec ted  a long  w ith  its m esen- 
tery. A n anastom osis is p e río rm e d  1—2 cm  p ro x im a l to 
the  d e n ta te  1'ine. M orb id ity  an d  m o rta lity  are  low , b u t 
are p ro b ab ly  sligh lly  h ig h er than  w ith  the D clorm e p ro - 
cedu re . R ecurrence ra tes range from  0 to 60% , w ith  m ost 
rec en t rev iew s re p o rtin g  rec u rren c e  ra tes of 5 —10%.

W ith  all o f these o p e ra tio n s , h ea lin g  o f the  SRƯS is 
ex p ec ted  in  the m a jo ritv  of p a tien ts ; how ever, lo ng -te rm  
sy m p to m atic  im p ro v e m en t is on ly  5 0 —60% . P atien ts 
w ith  SRUS w ho  d o  n o t have o v ert p ro ỉapse  o r in te rn a l 
in tu ssu sce p tio n  are n o t h e lp ed  by op era tio n s. F or som e 
p a tien ts , a p e rm a n e n t stom a is u ltim ate ly  estab lished , 
b u t even  a stom a d o es n o t g u aran tee  sym p to m  con tro l.

SUMMARY

SRUS is an  u n co m m o n  d iso rd e r  w ith  d is tin c t clin- 
ical, h isto log ical, rad io g rap h ic , an d  physio log ic find- 
ings. T he p a thogenesis is u n c lea r, b u t p robab ly  varies 
am o n g  patien ts . C o rrec tio n  o f an  u n d e rly in g  d e íeca tion  
d iso rd e r  w ill h e lp  m any  pa tien ts . If o cc u lt rectal pro- 
lapse is p resen t, an d  if sym ptom s have p ersis ted  a íte r 
b eh av io r m odifica tion , th e n  rec topexy  is reasonab le . If 
overt rec ta l p ro lap se  is p resen t, th en  th is  sh o u ld  be 
repa ired .

See A lso the Follow ing A rticles

C o lit is  C y s tic a  P ro íiin d a  an d  S o lita r y  R ecta l U lcer  S y n d ro m e
•  In tu s s u sc e p t io n  •  R ecta l U lc e r s
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enterochromaffìn-like cell Synthesizes, stores, and secretes 
histamine as a paracrine regulator in the gastric mucosa. 

gastrin Gastrointestinal hormone produced by G cells in thc 
gastric antral mucosa; stimulates gastric acid secretion. 

som atostatin Tetradecapcptide that is an inhibitor of growth 
hormone release.

S om atostatin  (SST), a te tradecapeptide iso lated  in  the 
early 1970s from sheep hypothalam i, w as identified as 
an in h ib ito r of grovvth horm one release. SST has been 
found in v irtually  every organ and  is recognized as a pep- 
tide tha t exerts an inh ibitory  action  on a variety  of phys- 
iologicai íunctions, acting e ither as a classical endocrine 
h o nnone , a local (paracrine) regulatory  factor, o r a neu- 
ro tran sm itte r. In m am m als, the gas tro in testinal tract, the 
brain, and the pancreas contain  the h ighest am ounts of 
SST. In the rat, the gastro in testinal tract accounts for 
~  65%  of the total body SST, the brain for ~  25%, the 
pancreas for ~  5%, and the rem ain ingorgans for ~  5%. In 
the b ra in , SST íunctions as a n eu ro transm iite r, affecting 
cognitive, locom otor, senso iy , and  autonom ic íunctions. 
In the gastro in testinal tract, SST displays a w ide array of

physiological íunc tions and pharm acological effects, 
m ostly  inh ib ito ry , of w hich the supp ression  of gastric 
acid secretion  is a landm ark  responsc. In view of these 
properties, different analogues have been  developed for 
the trea tm en t o f various hum an  diseases. D uring the past 
few years, SST recep to r sub types have been cloned and 
pharm acologically characterized. Selective SST agonists 
and antagonists and genetic anim al m odels w ith  selective 
deletion  o f recep to r sub type have been developed. These 
new  tools are o f critica l im portance to the understand ing  
of SST signaling pathw ays in the regulation  o f gastroin- 
tcstinal function.

SO M A T O ST A T IN  G E N E  A N D  
G E N E P R O D U C T S

Som atostatin-14 and -28

In  m am m als, SST derives from  th e  ex p ressio n  of a 
single gene th a t, in hu m an s, m aps lo the long  arm  of 
ch rom osom e 3. The am ino  acid  sequence  of SST has



b e e n  de te rm in eđ  from  m u ltip le  tissues an d  has been  
sh o w n  to have rem arkab ỉe  phy logenetic  co n serv atio n  
ac ro ss  species. SST is svm hesized  as p rcpro -S S T  and 
is p ơ s ttran sla tio n a lly  p ro cessed  in to  tw o d iffe ren t m o- 
le cu la r ío rm s, SST-14 an d  SST-28, w ith  14 a n d  28 am ino  
ac id  residues, respectively . In  fish, tw o sep a ra te  genes 
en c o d in g  for SST p ep tid es  have been  id e n tiíìed . O ne 
c o rre sp o n d s  to  the  m am m alian  gene and  g ives rise 
on ly  to SST-14. The seco n d  generates ex te n d e d  form s 
o f SST, nam ely , ang lerfish-28  (ho m o lo g u e  o f m am m a- 
lian  SST-28) a n d  catfish-22 . T he SST-14 se q u en c e  is 
to ta lly  conserved , w hereas th e re  is on ly  a 4 0 —66%  h o  
m o logy  b e tw een  SST-28 an d  its fish c o u n te rp a rts .

In m am m als, SST-28 co n ta in s  the SST-14 m oiety , 
resp o n sib le  for the b io log ical ac tiv itv , a t its carboxvl- 
t e r m i n a l  e n d .  The P r o c e s s i n g  m ach in e ry  r e q u i r c d  fo r  

th e  syn thesis  is p resen t in various tissues w ith  d iffe ren t 
re la tiv e  activ itíes. T h is leads to  d iffe ren t tissue-speciR c 
types o f svn thesis  and  release o f SST-14 an d  -28. SST-14 
is the p red o m in an t m o lecu la r form  in the  stom ach , 
d u o d en u m , co lo n , and  pancreas. In co n tra s t, in  the 
sm all in te s tin e , over 50% o f the  co n ten t c o rre sp o n d s  
to SST-28.

C ortistatins Are Som atostatin-Like Peptides

A second  SST-like gene, ca lled  c o r tis ta tin , has 
been  cloned  in  h u m a n s an d  rats. T his gene gives rise
lo tw o đ ca v ag e  P ro d u c ts— h u m a n  co rtis ta tin -1 7  and  
th e  ra t ho m o lo g u e  co rtis ta tin -1 4 , and h u m a n  a n d  ra t 
co rtis ta tin -2 9 . ư n lik e  the b ro a d  tissue ex p re ss io n  of 
ih e  SST gene, exp ression  o f the  co rtico s ta tin  gen e  is 
re s tr ic ted  to th e  cerebral cortex .

T ISSU E  D IST R IB U T IO N  
O F SO M A T O ST A T IN

SST is d is tr ib u ted  th ro u g h o u t the g as tro in tes tin a l (GI) 
trac t, being  p re se n t in  spec ia lized  en d o c rin e  cells and  
neu ro n s . In m am m als, SST is found  m a in ly  in  the 
m u co sa l layer, nam ely , in  en d o c rin e  cells te rm ed  D 
cells, w h ich  c o n ta in  90%  o f SST in the  s to m ac h  and 
d u o d en u m . T he rem a in in g  SST is p rese n t in  n eu ro n a l 
s tru c tu re s  c o n trib u tin g  to b o th  th e  in trin s ic  a n d  ex trin - 
sic inn erv a tio n  of the gut.

Endocrine D Cells Are the Main Source o f  
Gastric Som atostatin

In the stom ach , D cells are  localized  b o th  in  the 
an tra l an d  the íu n d ic  m ucosa. T hese cells have a char- 
ac teris tic  m orpho logv , w ith  cy top lasm atic  p rocesses 
th a t te rm in a te  in  close p ro x im ity  to the  ta rg e t eells.

Such  m o rpho logy  su p p o rts  the  co n c ep t o f a pa rac rin e  
o r local reg u la to rv  ac tion  o f SST in the  gastric  m ucosa. 
In  th e  íu n d ic  m ucosa, D cells a re  of a “closcd  type ,” 
w ith o u t lum inal con tac t, w hereas in  the a n tru m  they  
are  o f  an  uopen  type ,” w ith  th e ir ap ical m em b ran e  ex- 
p o se d  to the  gastric lum en . T his o rg an iza tio n  co rre la te s  
w ith  íu n c tio n a l resp o n ses to  d ifferen t stim uli.

E n d o c rin e  D cells can  also  be found  in  the in te s tin e  
a n d  pancreas . In testin a l D cells are íla sk -sh ap ed  cells 
w ith  th e ir  ap ical m em b ran es  o p en  to  the lu m en , an d , 
th e re ío re , resp o n d  to lu m in a l stim uli. In  the p an c reas , 
e n d o c rin e  Đ cells -are a íu n c tio n a l co m p o n en t o f the 
isle ts , p a rtic ip a tin g  in  th e  co n tro l o f the en d o c rin e  íu n o  
tions. Tablc I su m m arizes  the  m ain  en d o c rin e  so u rces of 
g as tro in te s tin a l SST in  the co n tex t o f th e ir reg u la tio n  
an d  b io log ica l rolc.

Intestinal Som atostatin Is Mainly 
o f Neural Origin

w h e re a s  gastric SST is m ainly  o f en d o c rin e  o rig in , 
in te s tin a l SST is m a in ly  p re se n t in  n eu ro n s. SST im m u- 
n o reac tiv ity  is d e tec ted  in  the su b m u co sa  and  m uscle  
layers of the en tire  gu t, w ith  the low est ỉeveis observed  
in  th e  co lon . T he m a jo rity  o f  the n eu ro n a l SST-like im - 
m u n o reac iiv ity  is p re se n t in  ihe in trin s ic  in n e rv a tio n  of 
the  gu t. F o r instance , a b o u t 20%  of the ccll bod ies in  the  
su b im ico u s  p lexus of th e  gu inea pig  sm all in te stin e  con- 
ta in  SST-like im m u n o reac tiv ity , c o rre sp o n d in g  to cho- 
linerg ic  se c re to m o to r  n eu ro n s . P ancreatic  ganglia and 
nerves also co n ta in  sign ifican t am o u n ts  of SST.

R E G U L A T IO N  O F S O M A T O ST A T IN  
SY N T H E SIS  A N D  RELEASE

A natom ica l an d  b io ch em ica l s tu d ies  s u p p o r t the n o tio n  
th a t SST is secre ted  m o stly  in  a p a ra c rin e /n eu ro c rin e  
fash ion , an d  th e re ío re  c ircu la tin g  levels are rela tively  
low  a n d  m ay n o t re ílec t reỉease at local sites. In  ad d itio n , 
to avoid  sp rea d in g  o f  ac tions, the p ep tid e  half-life is 
rela tively  sh o r t, ab o u t 3 m in u tes  in  c ircu la tio n . All 
these factors m ake  it  d ifficu lt to  s tu d y  SST release 
an d  reg u la tio n  in vivo. C o n seq u en tly , iso la ted  p rep a ra - 
tions ha ve b ee n  w idely  u sed  to  assess SST release.

Intraluminal Stim uli Iníluence Gastric 
Som atostatin  Release

In tra lu m in a l ĩac to rs associa ted  w ith  the d ie t, food 
co m p o n en ts , an d  low  pH  are the m ain  s tim u lan ts  o f SST 
release frọm  o p en -ty p e  en d o c rin e  D cells in  the s to m ach  
an d  in testin e . F o r in stan ce , lum inal ac id  is the m ain  
s tim u la n t o f gastric  SST release from  an tra l D cells.



TABLE I Sources and Biological A ctions of SST of E ndocrine O rigin in  the G astro in testina l T racta

L ocalization
C ellu lar

type R eleasing  stim u li T argets B io log ica l actio n s
M echanism  

o f  action

F undic m ucosa C losed Neural input (A C h, 
G RP), endocrine  
(gastrin, CCK)

ECL cells , 
parietal ce lls

Inhib ition  o f h istam ine release, direct 
in h ib ition  o f secretion

Paracrine

Antral m ucosa O pen Lum inal (nutrien ts, 
pH ), sensory  
neurons

G ce lls Inhib ition  o f  gastrin  syn th esis  and  
release

Paracrine

Intestinal
ep ithelium

Flasklike,
open

Lum inal (nutrien ts) V arious cell 
types

Inhib ition  o f  neu roen d ocrin e  secretion , 
m odu lation  o f m otility , in h ib ition  
o f in testinal transport, in h ib itio n  of 
sp lan ch n ic b lo o d  ílow , m h ib ition  
o f  tissue grow th/proliferation , 
m odu lation  o f  food  intake

Paracrine
E ndocrine

N eurocrine

Pancreatic islets C losed Endocrine, circulating  
nutrients (g lucose)

O ther islet cell 
types

Inhib ition  o í in su lỉn  and glucagon  
release

N eurocrine
E ndocrine

a Abbreviations: ACh, acetylcholine; GRP, gastrin-releasing peptide; CCK, cholecystokinin; ECL, enterochromaffin-like.

Sim ilarly , the p resence of n u tr ie n ts  an d  acid in  the d u - 
od en u m  stim u la tes the  release of gastric  SST, an effect 
p robab ly  m ed iated  th ro u g h  the release of in testina l en- 
terogastrones. SST release th ro u g h  these m ech an ism s is 
o f physio logical im p o rian ce  for the íeed b ack  reg u la tio n  
of gastric acid secretion . Physio log ical p o s tp ran d ia l 
changes of SST levels in the p e rip h e ra l c irc u la tio n  o r 
po rta l b lood  orig ina te  from  gastric  and  in te s tin a l 
SST release. O th er sou rces do  n o t co n trib u te  to  the pe- 
r ip h era l p lasm a SST levels.

The A utonom ic N ervous System  D ifferentially  
Affects Som atostatin Release

T he au to n o m ic  nerv o u s system  also exerts  an  im - 
p o rtan t ro le  in  the reg u la tio n  o f SST release from  the  gut. 
As in  o th e r system s, the  sym pathe tic  and  parasym - 
p a th e tic  co m p o n en ts  have opposite  effects on  SST 
release. A drenerg ic agonists, ac ting  th ro u g h  p -ad ren e r- 
gic recep to rs, s tim u la te  gastric  SST release. In  co n tra s t, 
m uscarin ic  cho linerg ic  agen ts in h ib it SST release. H ow - 
ever, the  ex istence of vagal n o n ad ren erg ic  s tim u la to ry  
pathw ays for SST release has also b ee n  d escrib ed  
in  som e species. T hese ac tions exp la in , at least in  
part, th e  in h ib ito ry  an d  s tim u la to ry  effects tha t the  
sym pathe tic  and  p arasym pathetic  nervous svstem s 
have, respectively , on  acid  secretion .

Gut Peptides M odulate Som atostatin Release

In ad d itio n  to the lum inal and  au to n o m ic  co n tro l, 
several regu la to ry  pep tides , ac ting  as classical h o rm o n es

o r as n e u ro p e p tid es , m o d u la te  g as tro in tes tin a l SST re- 
lease. T hese can  be ca tego rized  as s tim u la to ry  and  in - 
h ib ito ry  agents. T he m o st im p o rta n t s tim u la n ts  of SST 
release are g as trin  an d  c h o lec y sto k in in  (C C K ). O th e r  
pep tides , su ch  as p ep tid es  o f the  sec re tin  íam ily , 
b o m b e sin /g astrin -re lea sin g  p ep tid e  (G R P), g lucose-de- 
p e n d e n t in su lin o tro p ic  p ep tid e , o x y n to m o d u lin , o r glu- 
cagon-like pep tide-1  (G L P -l) , w h ich  consis ten tly  
in h ib it g astric  ac id  sec re tio n , m ay íu n c tio n  by stim u la t-  
ing SST release. O n  the  o th e r  h an d , su b stan ce  p, o p io id s , 
in su lin , and  g lucagon  are p o te n t in h ib ito rs  of SST re- 
lease. In  ad d itio n , in vitro  s tu d ie s  suggest th a t íu n d ic  D 
cells are u n d e r nega tive  ĩeed b ack  co n tro l by the ir ow n 
p ro d u c t th ro u g h  an  a u to c rin e  m ech an ism  o f action . 
H ow ever, so far, no  SST rec ep to rs  have b een  localized  
on  D cells.

S O M A T O ST A T IN  R EC EPTO R S

SST ac ts on  its ta rge t cells th ro u g h  h igh-affĩn ity  
p lasm a m em b ran e  rec ep to rs  (Table II). To date , fìve 
d iffe ren t SST re c e p to r  (SSTR) sub types, SSTR1—5, be- 
lo n g in g  to th e  su p e rĩam ily  o f  G p ro te in -c o u p led  re- 
cep to rs  w ith  seven  tran sm em b ran e  dom ains, have 
been  c lo n ed  an d  pharm aco log ica lly  ch a rac terized  in 
d iffe ren t system s. In  ad d itio n , tw o splice varian ts  of 
SSTR2, SSTR2a an d  SSTR2b, w h ich  d iffer in  len g th  
and  co m p o sitio n  o f th e ir  in tra ce llu la r  carboxy  te rm in i, 
have b ee n  iso la ted  and  c lo n ed  in  the  m ouse an d  ihe 
rat. O verall, th e re  is a 3 9 —57%  sequence  id en tity  
am ong  the d iffe ren t recep to r sub types. The five recep- 
to rs aiso have a rem a rk a b le  degree of s tru c tu ra l



TABLE II C harac teristics o f the C loned H um an SST R eceptor S ub types

C h aracteristica SSTR1 SSTR2a SST R 3 SSTR4 SSTR5

C h rom osom al loca liza tion 1 4 q l3 17q24 2 2 q l 3 .1 2 0 p l l .2 ló p  13.3
A m ino  acid s .391 369 4 1 8 3 88 363
G protein  cou p lin g + + + + +
Effector cou p lin g

A denylyl cyclase i ị 1 1 1
T yrosine phosp h atase T ĩ T T T
MAP kinase T 1 ÍT T i
K+ chan n els T T T T
C a2+ chan n els ! i
N a +/H + exch an ger T
A M PA /kainate g lutam ate ĩ ị

ch an n els
P hospholipase C/IP3 t l ĩ
P hosp h olip ase A2 T

T issu e d istribution Brain, pituitary, Brain, pituitary, Brain, pituitary, Đrain, pituitary, GI tract, Brain, pituitary,
GI tract, k idney GI tract, k idney GI tract, k idney lungs, p lacenta GI tract

a Abbrcviations: MAP, mitogen-activated protein; AMPA, a-am ino-3-hydroxy-5-m ethyl-4-isoxazole propionic acid.

co n serv a tio n  ac ro ss  species, w ith  b e tw een  80  an d  99% 
h o m o ỉo g y  am o n g  the h u m a n , ra t, an d  m ouse  iso íorm s. 
T he n ea rest re la tiv es  o f  SST rec ep to rs  are th e  op ío id  
rec ep to rs  th a t sh a re  a b o u t 37% seq u en ce  s im ila rity  to 
th e  m o u se  SSTR1.

Early  s tu d ie s , b ased  on  re c e p to r  a u to ra d io g rap h y  
using  n o n se lec tiv e  ligands, sh o w ed  a h igh  d en sity  of 
SST b in d in g  sites all a lo n g  the Gĩ m ueosa  as well as 
in  n eu ra l s tru c tu re s . In  recen t years, the  an a to m ica l 
an d  ce llu la r d is tr ib u tio n  of SST re c e p to r  gene express- 
ion  has b e e n  e s tab lish ed  in  ro d e n t an d  h u m a n  tissues as 
w ell as in  d iffe ren t tu m o rs  an d  cell lines. Lately, the 
d ev e lo p m e n t o f SST re c e p to r  su b ty p e -se lec tiv e  an ti- 
b o d ie s  has a llow ed  th e  d irec t lo ca liza tio n  o f the  SST 
re c e p to r  a t the p ro te in  level by im m im o h is to ch em istry . 
T hese  s tư d ies  reveal an  in tric a te  p a tte rn  o f rec ep to r 
e x p re ss io n  th ro u g h o u t the  Central n e rv o u s  system  
a n d  the p e rip h e ry , w ith  an  o v erlap p in g  b u t ch a rac ter-  
istic p a tte rn  th a t is re c e p to r  su b ty p e  se lec tive and  
tissue  a n d  spec ies  speciiic .

G Protein C oupling and Signal Transduction  
of Som atostatin  Receptors

T he ac tiv a tio n  o f SST re c ep to rs  by  SST ligands elicits 
ce llu la r re sp o n se s  th ro u g h  G p ro te in -lin k e d  m odu la - 
tio n  of m u ltip le  seco n d -m essen g e r system s, in c lu d in g  
adeny ly l cyclase, C a2+ a n d  K+ io n  ch an n els , th e  N a +/H + 
a n tip o r te r , g u an y la te  cyclase, p h o sp h o lip ase  c, phos- 
p h o lip ase  A2, m ito g en -ac tiv a ted  p ro te in  (M AP) k inase, 
a n d  se rin e , th re o n in e , an d  p h o sp h o ty ro sy l p ro te in  
p h o sp h a ta se . T hese  p a th w ay s sh o w  only  p a rtia l recep- 
to r se lec tiv ity  (T ab le  II). In general, all five re c e p to r

sub types, an d  especially  the h u m a n  iso ío rm s, are p o ten t 
in h ib ito rs  o f adenyly l cyclase an d  cyclic adenosine  
m o n o p h o sp h a te  (cAM P) fo rm ation  via pertu ss is  
to x in -sen sitiv e  G p ro te in s. S ub types 1, 2, 3, and  5 dis- 
p lay a c u te  d esen sitiza tio n  of adenyly l cyclase coupling .

In  th e  p re se n ce  o f the agonist, re c e p to r  sub types 2 ,3 ,
4, a n d  5 u n d e rg o  rap id  in te rn a liza tio n . R eceptor sub- 
type 1 fails to  b e  in te rn a lized  b u t is in stead  u p -reg u la ted  
a t th e  m e m b ran e  in  resp o n se  to  c o n tin u ed  agonist 
ex p o su re .

The SSTR2 Is the Receptor Subtype 
Predom inant in the Stomach

T h e p rese n ce  o f  the  five SST rec ep to r  sub types in the 
s to m ach , w ith  a p red o m in an ce  o f SSTR2 recep to r 
m RNA, has b e e n  es tab lished  by rib o n u c lease  p ro tec tio n  
assays a n d  rev erse  tran sc rip tio n  po lym erase  cha in  reac- 
tion  (R T -P C R ). A t a ce llu lar level, in si tu  h yb rid iza tion  
s tu d ies  d e m o n s tra te  the p resence  of SSTR2 mRNA- 
c o n ta in in g  ce lls  in  the gastric  m ucosa  a n d  subm ucosa 
as w ell as in  th e  m yen teric  p lexus an d  the  ex tern a l m us- 
cle layer. In  acld ition , RT-PCR te ch n iq u e s  show  that 
the m R N A s for b o th  SSTR2a an d  SSTR2b isoform s are 
p re se n t in  the  s tom ach . Im m u n o h isto ch em ica l stud ies 
using  a n tip e p tid e  an tib o d ie s  speciíìc for the SSTR2a 
and  SSTR2b rec ep to rs  show  th a t a sm all p o p u la tio n  
of e n te ro ch ro m a fíìn -lik e  (ECL) cells in  the s tom ach  
exp resses SSTR2a recep to rs . O n the o th e r  h an d , the 
SSTR2b re c e p to r  is m ain ly  localized  in  p arie ta l cells 
and  in  h ig h  co n c e n tra tio n  in  ECL cells. So far, no 
SST re c e p to rs  have been  found  in  o th e r  ce llu lar types 
of the g as tric  m ucosa.



SSTR2a has also been  locạlized  in  nerve fibers 
th a t arise from  the  n erv o u s  p lexuses an d  in n erv a te  
the m ucosa w ith  íìbers ru n n in g  p ara lle l to th e  epi- 
thelia . M any o f these fibers are in  close p ro x im ity  to 
D cells o f the gastric m ucosa. T h is d is tr ib u tio n  
strong ly  suggests th a t SSTR2a recep to rs  m igh t m edi- 
ate SST effects in  th e  GI trac t vỉa n eu ro n a l and  para- 
c rine  pathw ays.

A ll SSTR Receptor Subtypes Are Present 
in the Intestine

In situ  hyb rid ization  stu d ies  havc iden tiíìed  all five 
re c ep to r  sub types in  the ra t d u o d en u m , je ju n u m , ileum , 
an d  colon. All recep to r sub types are p resen t in  th e  ep- 
ith e liu m , subm ucosal p lexus, and  m uscle laycrs, 
w h ereas only SSTR1—3 are  found in  the m yen teric  
p lexus. Im m u noh istochem ica l stud ies havc d em on- 
stra ted  the ex istence of SSTR2a recep to rs  in  the 
m yen teric  and  subm ucosa l p lexuses, w ith  a p redom i- 
nance in the subm ucosal p lexus, and  in  fibers in nerva t- 
ing  the m uscle, m ucosa, an d  vascu la tu re. T he SSTR2a 
recep to rs  are p resen t in  the n eu ro n a l som a and  p roces- 
scs as w ell as in  axon  te rm inals , suggesting  b o th  p re- and 
postsynap tic  effects o f SST in the gut. M oreover, this 
d is tr ib u ú o n  is co n s is ten t w ith  SSTR2a recep to rs  being  
expressecl by functionally  d is tin c t en teric  n eu ro n s , in- 
d ic a tin g  th a t SST plays a sign iíican i role in  the regula- 
tio n  o f in testinal m o to r and  secreto ry  ỉu n c tio n s. In 
ad d itio n , SSTR2a recep lo rs  are p resen t in  in te rs titia l 
cells o f Cajal, ind icative  o f o th e r  target cells for SST 
to regu la te  sm o o th  m uscle activity.

SSTR2 and SSTR5 Are the Main Receptor 
Subtypes in the Pancreas

Early a u to rad io g rap h ic  s tu d ies  es tab lished  the  pres- 
ence o f SST b in d in g  sites in  alpha and  be ta cells from  
pancrea tic  islets. M olecu lar stu d ies  have show n th a t rat 
islets co n ta in  mRNA for all five recep to r sub types, al- 
th o u g h  th is does n o t im ply  the p resence of ỉu n c tio n a l 
recep to rs . In h u m an s, im n ìu n o h is to ch em ica l s tud ies 
have revealed  a p red o m in an t expression  o f SSTR2 and 
SSTR5, w ith  a speciíìc ce llu la r d is tribu tion : beta cells are 
rich  in  SSTR5, alpha cells con ta in  m ostly  SSTR2, and 
d elta  cells co n ta in  SSTR5.

Neuroendocrine Enteropancreatic Tumors 
Express Som atostatin Receptors

In  add ition  to n o rm al tissues, the m ạịority  o f h u m a n  
tu m o rs, e ither b en ig n  o r m alignan t, express h ig h  con- 
c en tra tio n s of SST recep to rs , írequen tly  íea tu rin g  m ore

th a n  one iso type. SST recep to rs  are especially  p resen t in  
a lm ost all n eu ro e n d o crin e  en te ro p an c re a tic  tum ors  
[gastrinoraa , vasoactive in te s tin a l p ep tid e -p ro d u c in g  
tu m o r (V lPom a), ca rc in o id , in su lin o m a , g lucagonom a, 
SSToma, p an c rea tic  p o ly p e p tid e -p ro d u c in g  tu m o r 
(P P om a), an d  g ro w th  h o rm o n e  releasing  íactor- 
p ro d u c in g  tu m o r (G R F om a)]. T he exp ression  appears 
to  be tu m o r specific, b u t in  general the  p a tte rn  is 
SSTR2 >  SSTR1 >  SSTR3 >  SSTR4 >  SSTR5. How- 
ever, s tu d ies  ca rried  ou t so far are m ain ly  based on  
mRNA expression , w h ich  m ay n o t necessarily  reílect 
íu n c tio n a l rec ep to r  levels. SSTR2 p red o m in an ce  is 
found  in  ab o u t 90%  of ca rc in o id  tu m o rs  and  80% of 
en d o c rin e  p an c rea tic  tum ors.

B IO L O G IC A L  A C T IO N S  O F  
S O M A T O ST A T IN  IN  THE  
G A ST R O IN T E ST IN A L  T RA CT: 
R EC E PT O R  SUBTYPE SELEC TIVITY

Som atostatin ls  the Main lnh ib itor of Gastric 
Acid Secretion

SST is a p o ie n t in h ib ito r  of gastric  ac id  secretion  and  
probab ly  tlie m ain  in h ib ito ry  re g u la to r  d u rin g  the ce- 
phalic , g astric , and  in te stin a l phases of secretion. SST 
adm inisterecl periphera lly  in h ib its  gastric  acid secretion  
at doses p ro d u c in g  p lasm a in c re m e n ts  of the pep tide 
s im ila r to  th o se  observed  cỉuring p o stp ran d ia l states in 
dogs and  hum ans. T he S S T -dependen t regu la tion  of 
gastric  ac id  sec re tio n  involves gas tric  SST p roduced  
by fundic and  an tra i en d o c rin e  D cells, ac ting  locally 
th ro u g h  p aracrin e , ra th e r  th an  en d o c rin e , m echanism s. 
F u n d ic  D cells are s tim u la ted  by g as trin  an d  by acetyl- 
ch o lin e , as well as by o th e r n eu ro p ep tid es ; they are 
closely associa ted  to  p arie ta l cells and  ECL celỉs th ro u g h  
cy top lasm ic ex tensions. A n tra l D cells resp o n d  to 
changes in  gastric  lu m in a l ac id ity  an d  are  elosely asso- 
c ia ted , by  w ay of cy top lasm ic ex ten sio n s, w ith  the ir 
ta rge t cells, i.e., G cells, re su ltin g  in the local release 
o f SST, w h ich , in  tu rn , in h ib its  g as trin  synihesis and 
release íro m  G cells.

D u rin g  b o th  th e  cephalic  an d  gastric  phases of a 
m eal, gas tric  acid se c re tio n  is s tim u la ted  m ainlv 
th ro u g h  th e  release of g astrin . A tte n u a tio n  of excessive 
ac id  se c re tio n  can be a ttr ib u te d  to the  local release of 
SST, w h ich , in tu rn , regu la tes the  activ ity  of G cells, ECL 
cells, and  parie ta l cells. Physio log ical effects o f SST re- 
su lt from  a d ire c t in h ib itio n  o f p a rie ta l cell secretion  and 
in d irec tly  by in h ib itio n  of h is tam ine  release from  ECL 
cells and  g as trin  release from  G cells. The role of SST in  
th e  co n tro l o f basal (in te rd ig estiv e ) gastric acid secre- 
tion  is le ss  clear. ỉn vitro  s tu d ie s  suggest tha t SST



ton ically  in h ib its  ac id  secre tio n ; how ever, th is  has n o t 
b een  íully d e m o n s tra te d  in  in vivo  co n d itio n s.

SSTR2 Receptors Mediate the Effects 
of Somatostatin on Gastric Acid Secretion

Several in vívo a n d  in vitro  s tu d ies  in  rats, m ice, dogs, 
an d  hum ans u sin g  d iffe ren t relatively  se lective recep to r 
p ep tid e  ana logues o f SST have es tab lished  th a t the 
SSTR2 recep to r su b ty p e  m ed iates the in h ib ito ry  effects 
o f SST on  gastric  acid  secretion  (Table I I I ) . F u rth e r  
íu n c tio n a l ev idence fo r the invo lvem en t o f SSTR2 re- 
cep to rs  on  S S T -depcnden t co n  tro i o f gastric  acid  secre- 
tio n  com es from  the  usc o f the se lectỉve SSTR2 
an tagon is i PR L-2903. ln íu sed  in trav en o u sly , PRL- 
2903 an tagon izes SST-incỉuced in h ib itio n  o f ac id  secre- 
tion . C onclusive  ev idence for the invo lvem en t o f SSTR2 
rec ep to rs  in  the  reg u la tio n  of gastric acid  sec re tio n  also 
com es from  fu n c tio n a l s tu d ies  in  m ice w ith  ta rge ted  
d is ru p tio n  of the SSTR2a recep to r gene. Because the 
SSTR2b v arian t is a sp liced  p ro d u c t of the SSTR2a var- 
ian t, these a n i m a l s  la ck  b o th  ío rm s of the  recep to r, 
th e re íb re  n o n e  of th e  sp lice v a rian ts  is ex p ressed  an d  
no  in fo rm atio n  reg a rd in g  the SSTR2 iso ĩo rm  m ed ia tin g  
SST ac tions o n  ac id  se c re tio n  can  be derived .

SSTR2 Receptors Mediate  
Somatostatỉn-Dependent Inhibition 
of Gastrin and Histamine Reỉease

SST -induced  in h ib itio n  of gastrin  and  h istam ine  se- 
c re tion  is also  m e d ia ted  by the  ac tiva tion  o f SSTR2 re- 
cep to rs  located , respectively , in  G cells an d  ECL cells. 
Effects o n  gastrin  re lease  a rc  íiư th e r  su p p o rte d  by 
s tud ies  w ith  the  SSTR2 an tag o n is t, PRL-2903, show ing  
th a t the an tag o n is t in c reases  p lasm a levels o f gastrin .

D Cells as an Integrator of ỉnhibitory  
Responses in the Stomach

Several gut p e p tid e s  [i.e., am ylin , ad re n o m ed u llin , 
ca lc iton in  g en e -re la ted  p ep tid e  (C G R P), bo m b esin , 
g lu co se-d ep en d en t in su lin o tro p ic  p o ly p ep tid e , GLP- L, 
o r  p itu ita ry  adeny la te  cyclase-activating  p o ly p ep tid e

(PA CA P)] in h ib it gastric  acid  secre tion  th ro u g h  the 
re lease  of SST o r have S S T -dependen t m ech ạn ism s of 
ac tion . In ad d itio n , rec ep to rs  for several o f these neu- 
ro p ep tid es  have been  localized  in  gastric  D cells. T hese 
fu n c tio n a l an d  m o rp h o lo g ica l obse rv a tio n s suggest 
tha t gastric  D cells m ay fu nction  as a co ram o n  ta rge t 
for a variety  of gu t pep tid es . A ctivation  of D cell by 
these p ep tid es  transla tes  in to  the release of SST, and  
in  tu rn  the ac tiva tion  of SSTR2 recep to rs  o n  ECL an d  
parie ta l cells lead ing  to an  in h ib itio n  of ac id  o u tp u t.

Som atostatin  and Small Intestinal ĩu n ctio n

SST in h ib its  sm all bow el m o tility  an d  in te stin a l ab- 
so rp tio n  of n u tr ie n ts . ỉn  the sm all in testine , n eu ro n a l 
SST is re leased  locally  by  in le s tin a l d is te n s io n  and  par- 
tic ipa tes, as a n eu ro m o d u la to r , in  the  co o rd in a tio n  of 
the d escen d in g  re la x a tio n  of the peris ta ltic  reílex. Phar- 
m aco log ica l s tu d ies  an d  the  use of SSTR2 k n o ck o u t 
mi.ce have in d ica ted  that th is  rec ep to r  sub type  is in- 
volved in perista ls is , how ever the im p lica tio n  o f o th e r  
re c e p to r  sub types ca n n o t be ru led  out.

Som atostatin Regulates Pancreatic Function  
through SSTR2 and SSTR5 Receptors

SST aííects b o th  exocrine  an d  en d o c rin e  pancreatic  
sec re tio n , ac tin g  th ro u g h  p arac rin e  and  en docrine  
m echan ism s. P harm aco log ical s tu d ies  in  n o rm al an d  
SSTR2 k n o c k o u t m icc have sh o w n  th a t p an c rea tic  ac- 
tions of SST are m ed ia ted  n ia in ly  th ro u g h  SSTR2 and  
SSTR5 recep to rs.

Somatostatin Inhibits Pancreatic Amylase
Reỉease through SSTR5 Receptors

M o d u la tio n  of ex o crin e  p an c rea tic  íu n c tio n  is asso- 
cia ted  w ith  changes in  arte ria l SST of gastric  o r in te stin a l 
o rig in  (en d o c rin e  ac tion ). Physio log ical changes in 
p lasm a SST levels in h ib it p an c rea tic  enzym e an d  bicar- 
b o n a te  secre tion . P harm aco log ical s tu d ies  u sin g  recep- 
to r-se lective  an a lo g u es of SST have iden tiíìed  the SSTR5 
as the  m ain  re c e p to r  sub type in h ib itin g  am ylase release.

TABLE 111 R eceptor Selectivity of SST A ctions in  the G astro in testin a l Tract

B iological activ ity R eceptor su b ty p e L ocalization

Inhibition o f  gastric acid  secretion SSTR2 Parietal cells
Inhibition o f  h istam ine release SSTR2 E n ierochrom aííìn -like cells
M odulation  of the pcristaltic reílex SSTR 2/other undeterm ined M yenteric p lexus
Inhib ition  o f  pancreatic am ylase release SSTR5 Acinar cells
Inhibition o í in su lin  release SSTR5 Pancreatic beta cells
Inhibition o f  g ìu cagon  release SSTR2 Pancreatic alpha cells
Inhibition o f  c đ l  prolifcratỉon SSTR1, 2 , 3, 4, and 5 T um or ceỉls



S u p p o rtin g  th is  obse rva tion , b ind ing  stud ies have also 
id en tiíìed  the p resence o f SSTR5 recep to rs o n  p ancreatic  
ac ina r cells.

Somatostatin Inhibits Pancreatic
Endocrine Secretion through SSTR2 and
SSTR5 Receptors

SST írom  D cells in th e  pancreatic  islets ac ts locally 
(p arac rine) on  alpha, beta , and  pp  cells, inh ib iting  
the release o f g lucagons, in su lin , and  pp , respectively. 
T h is  in te rac tio n  p ro v id es a basic in tra ỉsle t co n tro l of 
in su lin  release. P harm acological s tud ies u sing  recep to r- 
selective ana logues o f SST in  norm al and SSTR2 and  
SSTR5 k n o c k o u t m ice have show n tha t islet regu la tion  
is recep to r and  ho rm o n e speciíìc. S tim ulation  of SSTR5 
recep to rs  located  on  beta cells is the m ain  pathw ay to 
in h ib it in su lin  secre tion , w hereas the in h ib itio n  of glu- 
cagon  release from  alpha cells depends on  th e  stim ula- 
tio n  of SSTR2 recep tors.

PA T H O PH Y SIO L O G IC A L  
A SPE C T S OF SST

A clear pathophysio log ical ro le of SST has been  dem - 
o n stra ted  only in cases w ith  SST-producing tum ors 
(SSTom as). In  these patiem s, the clinical signs are as- 
soc ia ted  w ith  an o v erp ro d u c tiơ n  and  h igh  levels of 
p lasm a SST. The resu ltin g  syndrom c is charac terized  
by  d iabetes, gallstones, m alabsorp lion , an d  pancreatic  
insufficiency.

A ltera tions in  the responsiveness and  n u m b er of 
gastric  D cells m ig h t be re la ted  to the hypersecreto ry  
sta tes observed  in  p a tien ts  w ith  n o n atro p h ic  gastritis 
associa ted  w ith  Heĩicobacter pyỉori in íection  and  in  pa- 
tien ts w ith  duodena l o r gastric  ulcers. ư n d e r  these con- 
d itions, D cell responsiveness to gastrin  and  o ther 
s tim u lan ts  w ill be reduced . T his w ill lead to low er levels 
of SST, w h ich , in  tu rn , resu lts  in  an increased  gastrin  
release an d  gastric ac id  o u tp u t. H ow ever, a lth o u g h  these 
m echan ism s have been  estab lished  in several an im al 
m odels, th e ir  im p o rtan ce  for h u m an  pa thophysio logy  
rem ains to  be elucidated .

T H ER A PEU TIC  U SE OF SST IN  
G A STR O E N T E R O L O G IC A L  D ISO R D ER S

SST and  its stable ana logue octreo tide have been  con- 
s is ten tly  u sed  in  the  trea tm e n t of esophageal variceal 
b leed ing , pa tho log ical sta tes of the exocrine pancreas, 
a n d  n eu ro e n d o crin e  en tero p an crea tie  tum ors. G u t neu- 
ro en d o crin e  tu m o rs  co n ta in  ab u n d an t SST recep to rs, 
an d  th is  has b een  used  as a diagnostic tool for tu m o r

localization . In  add itio n , recep to rs  have been  dem on- 
s tra ted  to be íunc tiona l in  m ost cases an d  e ith e r SST or 
its analogue, octreo tide , h as  been  used  as sym ptom atic  
therapy . The m echan ism s for the sym ptom atic  im prove- 
m en t are due to SSTR -m ediated in h ib itio n  of m ed ia to rs  
release that leads to the m ajo r associa ted  sym ptom s. In 
ad d itio n , SST and  o c treo tid e  seem  to have an  in h ib ito ry  
effect on  cell g row th  and  p ro lire ra tion , red u c in g  tu m o r 
size. So far, all recep to r sub types have b een  show n  to 
in d u ce  cell cycle a rres t in  d iffe ren t tu m o r cell lines, 
a lth o u g h  th ro u g h  d iffe ren t m echan ism s (T able 111).

SST an d  the  analogue o c treo tide  reduce  in testin a l 
secre tio n  and  have been  used  to trea t cliarrhea. SST w as 
orig inally  show n  to be effective in  trea tin g  d ia rrh ea  
caused  by n eu ro e n d o c rin e  tu m o rs th a t p ro đ u c e d  V1P 
(V lPom a). In th is co n d itio n , SST reduced  b o th  the pro- 
d u c tio n  of VIp and  its effects o n  the in testine . It h as since 
been  recogn ized  th a t SST analogues are  also effective in 
trea tin g  o th e r d ia rrh ea l eond itions.

See A lso the Follow ing Articles

Anti-D iarrheal Drugs •  C h olecystok in in  (CCK ) •  G astric  
Acid Secretion •  G astrin •  Grovvth H orm one •  H istam ine
•  Pancreatic Enzym e Secretion  (P hysio logy) •  Portal Hyper- 
ten sion  and E sophageal V arices •  Variceal B leeding •  
V asoactive Intestinal Peptide (VIP)
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Sphincter of Oddi Dysỉunction
jAMES W a t k in s  a n d  S t u a r t  S h e r m a n  

Indiana Vniversity Medicaỉ Center, Indianapoỉis

ampullary stenosis Narrowing of the ampulla, often causing 
obstruction.

botulinum  toxin Protein produced by Clostridỉum botuỉinum 
bacterìa, used therapeutically to paralyze or weaken the 
muscle into which it is irýected. 

endoscopic retrograde cholangiopancreaticography Piber- 
optic endoscope insertion into the đuodenum and dye 
injectioa via the ampưlla of Vater, to visualize the biliary 
and pancreatic ducts. 

endoscopic sphincterotom y Cutting of the sphincter via an 
endoscopic approach. 

postcholecystectom y pain Painíul attacks that occur after 
removal of the gallbladder. 

quantitative hepatobiliary scintigraphy Nuclear medicine 
stụdy that assesses bi.le flow through the biỉiaiy tract. 

recurrent pancreatitis Recurrent inílammation of the 
pancreas.

Romẹ II criteria Consensus criteria developed to diagnose 
sphincter of Oddi dysíunction. 

sphincter ablation Surgical removal of the sphincter. 
sphincter of Oddi dysíunction Abnormality in the contrac- 

tility of the sphincter of Oddi. 
sphincter of Oddi manometry Manometric studies of the 

sphincter of Oddi.

Since its original descrip tion  by Rugero Oddi in 1887, the 
sph inc ter of O ddi has been the subject o f m uch study  and 
controversy. Its very existence as a d istinct anatom ic or 
physiologic en tity  has been dispu ted . Hence, it is no t

su rp ris in g  th a t the clinicai syndrom e o f sp h in c te r of 
O ddi dysfunction  and  its therapy  are controversiaỉ 
areas. N evertheless, th is dysíunction  is com m only diag- 
nosed and trea ted  by physicians, requiring  both  knowl- 
edge of the anatom y and  physiology of the sph inc te r of 
O ddi and clinical p resen ta tions and m ethods to diagnose 
and  treat sph inc te r o f O ddi dysĩunction .

D EFINITIO NS

S p h in c te r of O dd i d y sfu n ctio n  (SOD) reíe rs to an  ab- 
n o rm ality  o f sp h in c te r  o f O dd i co n trac tility . D ysíunc- 
tio n  m an iíests  as a b en ig n , n o n ca lcu lo u s o b stru c tio n  to 
flow  o f b ile o r  p an c rea tic  ju ic e  th ro u g h  the pancreatico - 
b iliary  ju n c tio n , i.e., th e  sp h in c te r  of O ddi (SO). SOD 
raay  be m an iíe sted  clin ically  by  pan c rea tico b ilia ry  pain , 
p an c rea titis , o r  d e ra n g ed  liver íu n c tio n  tests. T he dys- 
íu n c tio n  is ac tu a lly  m ad e  u p  of tw o en tities. s o  dyski- 
nesia  re íe rs  to a p rim a ry  m o to r ab n o rm a lity  o f the  s o  
ih a t m ay resu lt in  a h y p o lo n ic  sp h in c ie r  b u t m o re  com - 
m on ly  is seen  as a h y p e rto n ic  sp h in c te r. In co n trast, s o  
s tenosis re íe rs  to  a s tru c tu ra l a lte ra tio n  of the sph inc- 
te r, p ro b ab ly  from  an  in ílam m ato ry  process w ith  
su b se q u en t íìbrosis. Because it is o íten  im possib le to 
d is tin g u ish  p a tie n ts  w ith  s o  dysk inesia  from  those 
w ith  SO stenosis, the  d iagnosis “sp h in c te r  o f  O ddi



TABLE I H ogan—G eenen S ph incter of Oddi C lassification System  Related to thc Frequency of A bnorm al S phincter of 
O ddi M anom etry and Pain Relief by Biliary Sphincterotom y

T ype

Patient group c lassiíica tion

D escrip tion

A pproxim ate írequency  
~ o f  abnorm al sp h in cter  

m anom etry

P robability  o f  pain  r e lie í by  
sp h in ctero tom y i f  m anom etry  is

Abnorm al N orm al
M anom étry before  
sp h in cter  ab lation

Biliary 1 Patients w ith  biliary-type pain, 
abnorm al aspartaie 
transam inase or alkaline  
phosphatase >  tw ice norm al, 
d ocu m ented  on  tw o or 
m ore occasion s, delayed  
draìnage o f  HRCP contrast 
from  the biliary tree 
> 4 5  m inutes, and dilated  
com m on  bile duct > 1 2  m m  
in  d iam eter  

Biliary II Patients w ith  biliary-type pain  
b u i on ly  on e or tw o o f the 
above c ri te ria 

Biliary III Patients w ith  on ly  biliary-type pain  
and no other abnorm alities

7 5 -9 5 % 9 0 -9 5 % 9 0 —95%  U nnecessary

5 5 -6 5 %

2 5 -6 0 %

85%

5 5 -6 5 %

35%

<  10%

H ighly recom m ended

M andatory

d y síu n c tio n ” has b een  generally  app lied  to b o th  g ro u p s 
of patien ts. In an  a ttem p t to  cleal w ith  th is overlap  in  
ctiology, and  also  to  d e te rm in e  the ap p ro p ria te  u tiliza- 
tio n  of SO m an o m etry  (SO M ), the  H ogan—G eenen  clin- 
ical SOD classiíìcation  systcm  has b een  deve loped  for 
pa tien ts  w ith  su sp ec ted  SOD (T able I); th is c lassiíìca tion  
is b ased  on  đ in ic a l h is to ry , lab o ra to ry  resu lts , an d  
endoscop ic  re tro g rad e  ch o lan g io p an crea tico g rap h y  
(ERCP) findings.

A varie ty  o f less ac cu ra te  clin ical and diagnostic. 
term s are  som etim es used  in  the  m edical lite ra tu re  to 
d escribe SOD, in c lu d in g  p ap illa ry  stenosis, am p u lla ry  
s tenosis, b ilia ry  dysk inesia , an d  postcho lecystec tom y  
syn d ro m e (even  th o u g h  SOD m ay occu r w ith  the gall- 
b la d d e r in tact).

A N A T O M Y , PH YSIOLO G Y, 
A N D  PATH O PH Y SIO LO G Y

The sp lìin c te r of O dd i is a sm all com plex  o f  sm o o th  
m uscles su rro u n d in g  the te rm inal com m on bile duct, 
m ain  (ven tra l) p an crea tic  d u c t (o f W irsu n g ), an d  the 
co m m o n  channel (am p u lla  o f V ater), w hen  p resen t. ít 
has b o th  c ircu lar an d  “Ê g ụ re -e ig h r  com ponen ts . The 
h ig h -p re ssu re  zonc gen e ra ted  bv the  sp h in c te r  is varí- 
ably 4 —lO m m . in  Iength. Its ro le  is to regu la te  bile and 
pancrea tic  exocrine  ju ic e  flow  an d  to p rev e n t duocle- 
n u m -to -d u c tre f lu x  (i.e., to m a in ta in a s te r i le  in trad u c ta l 
env iro n m en t). T he s o  possesses bo th  a variab le basal

p ressu re  an d  phasic co n tra c tile  activ ity . T he ío rm er ap- 
pears to  be the p red o m in a n t m ech an ism , reg u la tin g  
outflow  o f pancrea ticob ilia ry  secre tio n  in to  the 
in testin e . A lthough  p hasic  so co n tra c tio n s  m ay aid  in  
reg u la tin g  bile and  pan c rea tic  ju ic e  flow , th e ir  p rim ary  
ro le  ap p ears  to be m a in ta in in g  a s te rile  in tra d u c ta l 
m ilieu . S ph incte r reg u la tio n  is u n d e r  b o th  neư ra l and  
h o rm o n a l contro l. Phasic w ave ac tiv ity  of the sp h in c te r  
is ciosely tied  to the  m ig ra tin g  m o to r  co m p lex  (M M C) of 
the  d u o d en u m . ln n e rv a tio n  o f the  b ile  d u c t does n o t 
ap p e a r to  be essen tial, based  o n  re p o rts  th a t sp h in c te r  
íim c tio n  is p reserved  fo llow ing  liver tran sp lan ta tio n . 
A lthough  regu la to ry  p rocesses vary  am o n g  species, cho- 
lecy sto k in in  and  secre tin  ap p e a r to  be  m o s t im p o rta n t in  
causing  sp h in c te r re lax a tio n , w h ereas  n o n ad ren erg ic , 
n o n ch o lin e rg ic  n eu ro n s , w h ich  a t least in  p a r t tran sm it 
vasoactive in testinal p ep tid e  (V Ip) an d  n itr ic  ox ide, also 
re lax  the  sph inc te r. T he ro le  o f  cho lecystec tom y  in  al- 
te rin g  these  n eu ra l pa.thways need s ĩu r th e r  deữ n ition . 
L um an  a n d  colleagues re p o r te d  th a t cho lecystec tom y , at 
least in  the  sh o r t- te rm , su p p resses  the n o rm al in h ib ito rv  
effect o f pharm aco log ica l doses o f ch o lecv sto k in in  
(C C K ) on  the sp h in c te r o f Ocỉdi. H ow ever, the  m echa- 
n ism  of th is  effect is u n k n o w n .

W edge specim ens of the  so ob ta in ed  at su rg ica l 
sp h in c te ro p la s ty  ừ o m  p a tien ts  w ith  SOD show  evidence 
of iĩiílam m atíon , m u scu la r h y p e r tro p h y , fibrosis, o r 
adenom yosis w ith in  the p ap illa ry  zo n e  in  app ro x i- 
m ately 60%  of patien ts. In the  rem aining40°/o  o íp a tie n ts  
vvith n o rm al histo logy, a m o to r  d iso rd e r  is suggested .



Less com m only , in íec tio n s  w ith  cy tom egalov irus or 
C ryptosporidium , as m ay o cc u r in  AIDS patien ts , o r 
Strongylơiảes have causcd  SOD.

H ow  does SOD cause pain?  F rom  a th eo re tica l p o in t 
o f view, ab n o rm a litie s  of the s o  can  give rise to p a in  by 
im p e d in g  the flow of b ile  an d  p an c rea tic  ju ic e , resu ltin g  
in  ducta l h y p e rte n s io n , ischem ia  aris in g  from  spastic  
co n tra c tio n s , an d  “h y p ersen sitiv ity ” of the  papilla . Al- 
th o u g h  u n p ro v ed , these  m ech an ism s m ay ac t alone o r in 
co n c ert to ex p la in  th e  genesis o f pain .

EPID E M IO LO G Y

SOD m ay o cc u r in  p ed ia tric  o r a d u lt p a tien ts  o f any  age; 
how ever, p a tien ts  w ith  SOD are typ ically  m idd le-aged  
íem ales. A su rvey  o n  fu n ctio n al g as tro in tes tin a l d isor- 
d e rs  conR rm ed  th a t SOD affects íem ales m o re  íreq u en tiy  
than  m ales a n d  ind ica ted  a h igh  assoc ia tion  w ith  w ork  
absen teeism , d isab ility , an d  h ea lth  care use. A lthough  
SOD m ost co m m o n ly  o ccu rs  a ítc r cho lecysiec tom y, il 
m ay be p re se n t w ith  the  g a llb lad d er in situ.

P ostcho lecystec tom y  p a in  rescm bling  the p a t ie n ts  
p reo p e ra tiv e  b iliary  colic o cc u rs  in  at least 1 0 -2 0 %  o( 
pa liem s. T he íreq u en cy  of d iag n o sin g  SOD in rep o rted  
series varies co n sid erab ly  w ith  the p a tie n t se lec tion  cri- 
teria, the d e íin itio n  of SOD u tilizcd , and  the d iagnostic  
too ls em p loyed . In a B ritish rep o rt, sp h in c te r  o f O ddi 
dy síu n c tio n  w as diagnosecl in  9% of 451 consecu tive  
pa tien ts  b e in g  eva lua ied  for postcho lecystec tom y  
pain . R o b e rts -T h o m so n  ev a lu a ted  431 sim ila r p a tien ts  
an d  ío u n d  SOD in  11%. In a su b p o p u la tio n  o f such  
pa tien ts  w ith  a n o rm a l ERCP (excep t d ila ted  d u cts  in 
28%) and re c u rre n t pain  o f m ore  th an  3 m o n th s ’ clura- 
tion , SOI) w as d iag n o sed  in  68%. S herm an  an d  col- 
leagues ưsed SOM to eva lua te  115 p a tien ts  w ith  
p an c rea tico b ilia ry  p a in  w ith  an d  w ith o ư t liver íu n c tio n  
tesi ab n o rm a lities . P atien ts w ith  bile d u c t s to n es an d  
tu m o rs  w ere  ex c lu d ed  from  analysis. F ifty -n ine  o í 
115 p a tien ts  (51% ) h ad  an  abno rm al basal sp h in c te r  
o f O d d i p re ssu re  g rea te r th an  40  m m H g. T hese p a tien ts  
w ere [u rth e r  ca teg o rized  by  the H o g an —G eenen  SOD 
cìassiíìca tion  system  (Tablc 1). T he íreq u en cy  of abnor- 
m al m an o m etry  was 86, 55, an d  28%, for types ỉ, II, and  
III pa tien ts , respectively . T hese  ab n o rm a l m an o m etric  
íreq u en cie s  a re  very  sim ila r to those  rep o rted  by o th e rs  
fo r type I an d  type II p a tien ts . In type III p a tien ts , the 
find ing  o f  an  ab n o rm a ỉ basal sp h in c te r  p ressu re  has 
varieđ  from  12 to 55% . As n o ted , p a tie n t se lec tion  fac- 
to rs m ay be One ex p lan a tio n  for th is  g rea t variab ility .

SOD can invo lve ab n o rm a litie s  in  e ith e r the b iliary  
sp h in c te r, p an c rea tic  sp h in c te r, o r b o th . The true  fre- 
quency  o f SOD w o u ld  then  d ep e n d  on  w h e th e r  One o r 
b o th  sp h in c te rs  w ere s tu d ied . To fully assess the  sp h in c -

te r  bv  SOM , b o th  the  b ile d u c t and p an c rea tic  d u c ts  m u st 
be ev a lu a ted . In a series o f 360 p a tien ts  w ith  pancre- 
a tico b ilia ry  pain , 19% had ab n o rm a l p an c rea tic  sph inc- 
te r basal p ressu re  alone, 11% had  ab no rm al b iliary  basal 
s p h in c te r  p ressu re  alone, an d  in  31% , thc basal p ressu re  
w as a b n o rm a l for b o th  sp h in c te rs  (overall íreq u en cy  of 
SOD w as 61% ). D ysíunction  m ay o ccu r in  the  pancreatic  
d u c t p o r tio n  of the s o  an d  cause rec ư rren t p an c rea titis  
an d  p an c rea tic -ty p e  pain . A lth o u g h  a p an c rea tic  SOD 
c lassiíìca tio n  systern has b een  developed  (sim ilar to the 
b ilia ry  SOD classiíìcation  system ), i th a s  n o tb e e n  w idely  
u tilize d . M anom etrically  d o cu m en te d  SOD has been  
re p o rte d  in 15 — 72% of p a tien ts  w ith  re c u rre n t pancre- 
a titis , p rev iously  labeled  as id iopath ic .

C L IN IC A L  P R E SE N T A T IO N

A b d o m in a l pain  is the  m ost co m m o n  p resen tin g  
sy m p to m  of p a tien ts  w ith  SOD. T he pain  is usually  epi- 
gas tric  o r r ig h t u p p e r  q u ad ran t, m ay be d isab ling , and  
lasts for 30 m in u tes  to  several h ou rs. In som e pa tien ts , 
the  p a in  is co n tin u o u s  w ith  ep isod ic  exacerba tions. It 
m ay  rad ia te  to  the b ack  or sh o u ld e r  and  be accom pan ied  
by n au sea  a n d  vom iting . F ood  o r n a rco tics  m ay p rec ip - 
ita te  the  pain . T he p a in  m ay begin  several years after a 
ch o lecy stec to m y  w as p e rĩo rm ed  for a gallb ladder dys- 
m o tility  o r s to n e  d isease and is sim ila r in  ch a rac ter to the 
p a in  lead ing  to the cholecystectom y. A lternatively , pa- 
tic n ts  m ay have co n iin u ed  pain  th a t was no l relieved 
by a cho lecystec tom y. Ja u n d ice , íever, o r ch ills are 
ra re ly  observed . The Rom e II d iagnostic  c r ite ria  for SOD 
are ep iso d es of severc steady  pain  located  in  the epigas- 
tr iu m  an d  r ig h t u p p e r  q u ad ra n t, an d  all o f the  fo llow ing 
c rite ria : (1) sy m p to m  ep isodes last 30 m in u tes  o r m ore  
w ith  p a in -íree  in te rvals, (2) sym ptom s have o ccu rred  on  
one o r m ore  occasions in  the  p rev io u s 12 m o n th s , (3) the 
p a in  is steady  and  in te rru p ts  daily  ac tiv ities o r req u ires  
co n su lta tio n  w ith  a physic ian , an d  (4) th e re  is no evi- 
d en c e  of s tru c tu ra l ab n o rm a litie s  to  exp lain  the 
sym ptom s. T h e  p a in  is n o t relieved  by trial m ed ica tions 
for a c id —p ep tic  d isease o r irritab le  bow el syndrom e. 
L aborato ry  ab n o rm a litie s  con sis tin g  o f tran sien t eleva- 
tio n  of liver íu n c tio n  lests, typ ically  d u rin g  ep isodes of 
p a in , a re  p re se n t in less than  50% of pa tien ts . A íter in itia l 
ev a lu a tio n , p a tien ts  are com m only  ca tegorized  accord- 
ing  to  the H o g an —G eenen  SOD classiíìca tion  system  
(T ab lc I). P a tien ts  w ith  SOD m ay p re se n t w ith  typical 
p an c rea tic  p a in  (ep igastric  an d /o r  left u p p e r  q u ad ra n t 
rad ia tin g  to the back) an d  re c u rre n t pancreatitis .

C linical Evaluation

T he d iagnostie  ap p ro ach  to  su sp ec ted  SOD m ay 
be in ílu en c ed  by the  p resence of key clin ical ỉeatures.



H ow ever, the  clin ical m an iíes ta tio n s of functional 
ab n o rm a litie s  of the s o  m ay no t alwavs be easily 
d is tin g u ish ab le  from  those causecl by organic ones 
(e.g ., co m m o n  bile  d u c t s tones) o r o th e r íunc tiona l n o n - 
pan c rea tico b ilia ry  d iso rd ers  (e.g., irritab le  bow el 
sy n d ro m e).

G eneral Initial Evaluation

E valuation  of p a tien ts  w ith  suspected  SOD (i.e., pa- 
tien ts  w ith  u p p e r  ab d o m in a l pain  w ith  charac teristics 
suggestive of a p ancrea tob ilia ry  orig in) shou ld  be in iti- 
a ted  w ith  S tandard  se ru m  liver chem istries, se ru m  am - 
ylase a n d /o r  lipase, ab d o m in a l u ltrasonography , an d /o r  
co m p u ted  to m ography  (C T ) scans. The serum  enzym e 
stu d ies  sh o u ld  be d raw n  d u r in g b o u ts  oí pain , il possib le. 
M ild  e leva tions (less than  tw ice the up p er lim its o f nor- 
m al) are íreq u e n t in  SOD, w hereas g reaier ab n o rm a lities  
are m ore suggestive o f stones, tum ors, and liver p aren - 
chym al disease. A lthough  th e  d iagnostic sensitiv ity  an d  
speciíìc ity  o f ab n o rm al se ru m  liver chem istries are rel- 
a tively  low , recen t ev idence ind icatcs th a i the íin d in g  of 
ab n o rm a l liver tests in  b iliary  type 11 p atien is m ay p red ic t 
a íavorab le response  to  endoscop ic  sph inc te ro tom y . CT 
scans an d  ab d o m in aỉ u ltrasou rìd s  are usually  n o rm a l b u t 
occasionally  a d ila ted  bile d u c t o r pancreatic  du ct m ay be 
found  (p articu la rly  in p a tien ts  vvith type I SOD). S tan 
d a r d  e v a ìu a t io n  an d  i r e a tm e n t  ol Olher m o r e  c o m m o n  
u p p e r  g as tro in tes tin a l co n d iiio n s, sucli as pep tic  u lcer 
d isease and  gastroesophageal reílux , should  be d o n e  si- 
m u ltan eo u sly . ĩn  the  absence o f m ass lesions, s to n es, o r 
response  to  ac id -su p p ressio n  the rapeu tic  trials, th e  sus- 
p ic io n  for sp h in c te r  d isease is heightened.

D IA G N O STIC M ETHODS 
(N O N IN V A SIV E)

Because SOM  (co n sid e red  bv  m ost au th o rities  to be the 
go ld  S t a n d a r d  for d iag n o sin g  SOD) is d iữ ìcu lt to  per- 
form , invasive, n o t w idely  available, and  associa ted  vvith 
a re la tive ly  h igh  co m p lica tio n  rate , several noninvasive 
an d  p rovocative  tests have b een  designed in an  a tte m p t 
to  id en tiíy  p a tien ts  w ith  SOD.

M orphine—Prostigm in Provocative Test 
(Nardi T est)

M o rp h in e  has been  shovvn to cause sp h in c te r  of 
O ddi co n trac tio n . P rostigm in  (ncostigm ine). 1 m g 
sub cu tan eo u sly , is adcled as a v igorous cho linerg ic  se- 
cre to rỵ  s tim u la n t to m o rp h in e  (10 m g su bcu taneously ) 
to m ake th is  cha llenge test. T he m o rp h in e -  P rostigm in  
test, h isto rically , had  b een  u sed  extensivelv 10 d iagnose

SOD. R eproduction  o f  the p a tie n ts  tỵpical p a in  associ- 
ated  w ith  a fourfoìd  increase in asparta te  transam inase  
(AST), a lan ine transam inase  (ALT), alkaline pho sp h a- 
tase, am ylase, o r lipase con stitu tes  a positive response . 
The u se íu ln ess  of th is test is lim ited  b v its  low  sensitiv ity  
and  speciíìcity  in  p red ic tin g  the p resence o f SOD an d  its  
po o r co rre la tio n  w ìth  o u tcom e aíter sp h in c te r ab lation . 
T his test has largely b een  rep laced  by tests believed  to be 
m ore sensitive.

ullrasonographic A ssessm ent of Extrahepatic 
Bile Duct and Main Pancreatic Duct Diameter 
after Secretory Stim ulation

A íter a lipicl-rich m eal o r cho lecvstok in in  adm in is- 
tra tio n , the ga llb ladder con tracts , bile flow from  the 
h ep a to cy tes  increases, an d  the sp h in c te r of O dd i re- 
laxes, resu ltin g  in  b ile  en try  in to  the d u o d en u m . Sim- 
ilarly, after a lip id -rich  m eal o r secretin  ad m in is tra tio n , 
p an crea tic  exocrine ju ic e  flow is s tim u la ted  and  the 
sp h in c te r  o f O ddi relaxes. If the sp h in c te r  o f o d d i  is 
d ysíu n c tio n a l and  causes o b stru c tio n  to flow > the  com - 
m o n  b iìe  d u c t o r m a in  p ancrea tic  duct m ay d ila te  u n d e r 
secre to ry  p ressu re . T h is can be m o n ito re d  by transcu - 
tan eo u s u ltra so n o g rap h y . S ph incter an d  te rm inal d u c t 
o b s tru c tio n  írom  o th e r  causes (stones, tum ors, stric - 
tu rcs, e tc .) m ay sim ilarly  cause ducta l d ila iio n  an d  
need  to be exc luded . Pain  p rovoca tion  sh o ư ld  also be 
no ied  if p resen t. To date, lim ited  s tu d ies  co m p arin g  
these non invasive tests w ith  sp h in c te r  o f o d d i  m ano- 
m etry  o r  ou tcom e a fte r sp h in c te r  ab la tion  sh o w  only  
m o d est co rre la tion . B ecause of in testinal gas, the 
p an c rea tic  d u c t m any  n o t be v isualized  on S tandard 
tran sc u ta n eo u s  u ltra so u n d . D espite the  su p erio rity  of 
endoscop ic  u ltra so u n d  in  v isualiz ing  the pancreas, 
C ata lano  et aì. re p o r t the sensitiv ity  of secretin - 
s tim u la ted  endoscop ic  u ltra so u n d  in  d e tec tin g  SOD 
to be on ly  57%.

Quantitative Hepatobiliary Scintigraphy

H epatob iliary  sc in tig raphy  assesses b ile  flow 
th ro u g h  the b iliary  tract. lm p a irm en t to bile flow 
from  sp h in c te r  disease, tum ors, o r s to n es (as w ell as 
p a ren ch y n ia l liver d isease) resu lts  in  im p a ired  rad ionu - 
clide flow. T he prec ise  criteria  to  define a positive (ab- 
no rm al) s tu d y  rem a in  con troversia l, bu t d u o d en a l 
arrival tim e g reạ ter than  20 m in u tes  an d  hilum  to du- 
o d en u m  tim e g rea ter th an  10 m in u tes  are m ost w idely 
used. M ost stưdies are flawed by lack o f co rre la tio n  w ith  
SOM or ou tcom e after sp h in c te r ab la tion . H ow ever, four 
stud ies have rep o rted  the p erío rm an ce  charac teristics 
o f h epa tob ilia ry  sc in tig raphy  in  105 p a tien ts  u s in g  the 
resu lts  o f SOM as the  reference S tandard . T he overall
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sensitiv itv  w as 78% (range, 4 4 -1 0 0 % ) , speciÊ city  w as 
90%  (range 8 0 “  100% ), positive  p red ic tiv e  value w as 
92%  (range, 8 2 —100% ), an d  negative p red ic tiv e  value 
w as 81%  (range, 6 2 —100% ). H ow ever, these  p rom ising  
resu lts  have n o t b een  rep ro d u ce d  bv  o th e r  investiga to rs, 
O verall, it appears th a t p a tien ts  w ith  d ila ted  bile d u c ts  
an d  h igh-grade o b stru c tio n  a re  like ly  to have a positive  
sc in tig raph ic  study . E sber an d  co lleagues found  tha t 
pa tien ts w ith  low er g rade o b stru c tio n  (H o g a n —G eenen  
classiíìcation  types II and III) generally  have  n o rm a l 
sc inùg raphy , even if d o n e  a fte r ch o lecy sto k in in  p rovo- 
c-ation. M oreover, P ineau  ct cú. re p o r te d  th a t 8 o f  20 
asym ptom atic  co n tro l sub jec ts  had  an ab n o rm a l cho le- 
cys to k in in -stim u la ted  study . T he value o f  h ep a to b ilia ry  
sc in tig raphy  is also lim ited  by  the fact th a t it does n o t 
evaỉuate the p an c rea tic  sp h in c te r.

In the absence o f  m ore d e íìn itiv e  d a ta , the  c u rre n t 
conc lu sion  is th a t n on invasive  te stin g  fo r sp h in c te r  o f 
o d d i  dy síu n c tio n  has a rela tively  lo w  o r u n d e íìn ed  sen- 
sỉtiv ity  and  speciR city  and  is, th e re fo re , n o t recom - 
m ended  for general clin ical u se , ex cep t in  s itu a tio n s  
w hen  m ore cleíinitive te sting  (m an o m etry )  is unsuccess- 
ful o r unavailable .

D IA G N O ST IC  M E T H O D S (IN V A S IV E )

Because of th e ir  associa ted  risk s, invasive te sting  w ith  
ERCP and  m anom etry  sh o u ld  be rese rved  for p a tien ts  
w ith  clin ically  sign ifican t o r  d isab lin g  sym ptom s. In 
general, invasive assessm en t o f p a tien ts  for SOD is 
n o t  r e c o m m e n d e d  u n le s s  d e íìn iL iv e  t h e r a p y  ( s p h in c t e r  

ab lation ) is p lan n ed  if ab n o rm a l sp h in c te r  íu n c tio n  is 
founđ.

C h o la n g io g r a p h y

C holang iography  is essen tia l to  ru le  o u t sto n es, tu- 
m ors, o r o th e r o b s tru c tin g  p rocesses o f  the  b iliary  tree 
th a t may cause sym ptom s id e n tic a l to those  o f SOD. 
O nce such  ìesions are ru led  o u t by a goocl qu a lity  chol- 
ang iographic study , d u c ts  th a t are d ila ted  ancl/or d ra in  
slow ly suggest o b s tru c tio n  a t the  level o f  the  sp h in c te r. 
A lthough  som e co n troversy  ex ists, ex tra h ep a tic  d u c ts  
th a t are g rea ter th an  12 m m  in d iam ete r (postcho lecys- 
tec tom y), w hen  co rrec ted  fo r m agn ifica tion , are  consid - 
e red  dilạted . A lthough  d e íìn itiv e  n o rm a l su p in e  
d rainage tim es ha ve n o t  b een  w ell d e ílned , a p o stch o - 
lecystectom y b iliary  tree  th a t ía ils to  em p ty  all co n tra s t 
m ed ia  by 45 m ỉn u tes  is  genera lly  co n s id ered  abno rm al.

E ndoscop ic eva lua tion  o f thc  p ap illa  an d  peri- 
pap illary  area can  yield  im p o rta n t in ío rm a tio n  th a t 
can  in íluence the  d iagnosis an d  tre a tm e n t o f p a tien ts  
w ith  su spected  SOI). O ccasionally , am p u lla ry  can cer

m ay s im u la te  SOD. T he en d o sco p is t sh o u ld  d o  tissue 
sa m p lin g  o f  th e  p ap illa  (p re fe rab ly  afte r sp h in c - 
te ro to m y ) in  su sp ic io u s  cases. Racliographic íea tu res  
o f  th e  p an c rea tic  d u c t are also im p o rta n t to assess in  
th e  p a tie n t w ith  su sp ec tcd  SOD. D ila tion  o f the p an c re - 
a tic  d u c t ( > 6  ram  in th e  p an c rea tic  head  an d  > 5  m m  in  
th e  body ) an d  d e lay ed  c o n tra s t d ra in ag e  tim e ( > 9  m in - 
u te s  in  the  p ro n e  p o sitio n ) m ay give in d irec t ev idence 
fo r th e  p resence  o f SOD.

Sphincter o f  Oddi M anometry

T he m o st defin itive  d ev e lo p m e n t in  the u n d e rs ta n đ -  
in g  o f  the p ressu re  d y n am ics o f  th e  s o  cam e w ith  the 
ad v e n t o f sp h in c te r  o f O d d i m an o m etry . SOM is the  only  
ạvailab le m e th o d  to m easu re  s o  m o to r activ ity  d irec tly . 
A lth o u g h  SOM can  be  p e r ío rm e d  in trao p era tiv e ly  an d  
p e rc u tan e o u sly , it  is m o st co m m o n ly  do n e  in  the  ERCP 
se tting . SOM is c o n s id ered  by m o st au th o ritie s  to  be th e  
g o ld  S tandard  for ev a lu a tin g  p a tie n ts  for sp h in c te r  dys- 
íu n c tio n . T he  use o f  m a n o m etry  tơ de tec t m otility  d is- 
o rd e rs  o f the  sp h in c te r  o f O d d i is s im ila r to  its  use in  
o th e r  parts  o f  ihe  g as tro in tes tin a l tract. ư n lik e  o th e r  
a reas  o f the gu t, SOM  is m o re  tech n ica lỉy  d em an d in g , 
invasive , an d  h azard o u s. Q u estio n s  rem a in  as to 
vvhether these sh o r t- te rm  o b se rv a tio n s  (2- to  1 0 -m inu te  
recorcỉings p c r  p u ll- th ro u g h )  re ílec t th e  “2 4 -h o u r p a th o - 
p h y sio logy” o f the  sp h in c te r.

SOM is rec o m m en d e d  in  p a tien ts  w ith  id io p a th ic  
p an c rea titis  o r  u n ex p la in e d  d isa b lin g  p an c rea tico b ilia ry  
p a in  w ith  o r  w ith o u t h ep a tic  an d  pancrea tic  enzym e 
ab n o rm a litie s , an d  to  assess for sp h in c te ro to m y  sten o sis  
o r  resid u a i sp h in c te r  h y p e r te n s io n  in  sym ptom atic  pa- 
tie n ts  after sp h in c te ro to m y  is p erfo rm ed  for SOD. An 
ER C P is usua ily  p e río rm ed  ( if  an  ad eq u a te  s tu d y  is n o t 
availab le) im m ed ia te ly  beĩo re  the  SOM to exc lude  o th e r  
p o te n tia l s tru c tu ra l causes fo r th e  p a tien t’s sym ptom s. 
In d ica tio n s  for th e  u se  o f SOM have  also  b ee n  developed  
accorcỉing to  the  H o g an —G een en  SOD classiíỉcation  
S ystem  (T able I). In  p a tie n ts  w ith  type I, there  is a gen- 
e ra l co n sen su s  th a t a s tru c tu ra l d iso rd e r  of the sp h in c te r  
(i.e ., sp h in c te r  s ten o sis) exists. A lth o u g h  SOM m ay be 
use fu l ÍĨ1 d o c u m e n tin g  SOD, it  is  n o t  an  essen tial diag- 
n o stic  s tu d y  p r io r  to  en d o sco p ic  o r  surg ical sp h in c te r  
ab la tion . Such  p a tien ts  u n iío rm ly  benefit from  sp h in c te r  
ab la tio n  regard less o f the SOM  re su lts  (see la te r) . Pa- 
tie n ts  w ith  type II d em o n s tra te  so m o to r d y síu n c tio n  in  
5 5 —65%  o f cases. ỉn  th is  g ro u p  o f pa tien ts , SOM is 
h igh ly  rec o m m en d e d  because the  resu lts  o f the  s tu d y  
p re d ic t o u tc o m e  fro ra  sp h in c te r  ab la tion . P atien ts w ith  
type III have p an c rea tico b ilía ry  p a in  w ith o u t o th e r  ob- 
jec tiv e  ev idence o f  sp h in c te r  o u tílo w  o b stru c tio n . SOM 
is m an d a to ry  to  co n íìrra  the p re se n ce  of SOD, A lthough



d ata  are lim ited , i t  appears that the resu lis o f SOM m ay 
p re d ic t o u tco m e from  sph inc ter ab la tion  in  these 
patien ts.

SOM is p e r ío rm e d  by advancing a specialized trip le- 
ỉu m en  #5  F ren ch  w ater-perfused  ca th e te r selectively  
in to  the  b ile  d u c t a n d /o r  pancreatic duct. T he ca th e te r 
is p u lle d  across th e  sp h in c te r zone \vhile p ressu res  are 
rec o rd e d  w ith  the  a id  of a pressure tran sd u cer. A variety  
of m o d iíìca tio n s o f th e  Standard #5 P rench m an o m etry  
ca th e te r  are com m ercially  avaiỉable (The tech n iq u e  of 
SOM an d  the  in te rp re ta tio n  of the tracings are beyond  
the  scope o f  th is  d iscussion .)

It is im p o rta n t to  em phasize ih a t com plete  sph inc- 
te r assessm en t req u ires  m anom etric  evaluation  of b o th  
the b iliary  an d  pancrea tic  sph incters. C u rren t da ta in- 
d icate  th a t an  ab n o rm al basal sp h in c te r p ressu re  m ay be 
confined  to  on e  side  of the sp h in c te r in  3 5 -6 5 %  of 
pa tien ts . T h u s, one sph inc ter m av be dysíim ctional 
w h ereas the o th e r  is norm al. Pailure to app rec ia te  the 
ana tom ica lly  sep ara te  pancreaiic an d  b iliary  sp h in c te rs  
an d  the  p o te n tia l for d iscordani m anom etric  resu lts  m ay 
resu lt in  m isd iagnosis and  im p ro p er therapy.

P an crea titis  is th e  m ost com raon  m ajor com plica- 
tio n  after SOM. ư s in g  Standard pcríused  ca the ters, pan - 
c rea titis  ra tes as h ígh  as 31% have been  repo ried . Such 
h igh  co m p lica tio n  rates havc initially  lim iied  m ore 
w id esp read  use of SOM. Thí'se da  ta also em phasize  
th a t m an o m etric  evaluaiion  of the pancreatic  d u c t is 
associa ted  w ith  a h igh  com plication  rate. A variety  ơi 
m e th o d s  to  d ecrease  the incitlence of postm anom etry  
p an c rea titis  have been  developed. h i a p rospec tive  ran- 
d om ized  s tu d y , S herm an  and c o lỉeagues íou n d  th a t the 
a sp ira tin g  ca th e te r  ( th is ca the ter allovvs for asp ira tio n  oỉ 
the  p e rỉu se d  fluid from  encỉ and side holes w hile  accu- 
ra te ly  reco rd in g  p ressu re  íron i the two rem a in in g  side 
p o rts )  red u ces the írequency  o íp a n crea tic  d u c t m anom - 
e try -in d u c ed  p an c rea titis  from 31 to  4%. The red u c tio n  
in  p an c rea titis  w ith  use of this ca the ter in the  pancrea tic  
d u c t an d  the  v ery  lovv incidence oí pancrea titis  afte r bile 
d u c t m an o m etry  lend  suppori to íhe n o tio n  th a t in- 
c reased  pan c rea tic  d u ct hycỉrostaũc p ressu re  is a 
m a ịo r cause of th is com plication . T hus, ro u tin e  asp ira- 
tion  o f pan c rea tic  ju ic e  should  accom pany s tudy  of the 
p an c rea tic  d u c t sp h in c te r  bv SOM.

Stent Trial as Diagnostic Test

P lacem en t of a pancrcatic  or b i’ iary s ten t on  a trial 
basis in  h o p e  of ach iev ing  pain reJiẽf and p red ic tin g  the 
resp o n se  to  m ore defin itive th e ra p \ . i.e., sp h in c te r  ab- 
la tio n , has received  only  lim ited appìication . Pancreatic  
s te n t tria ls, especialiy  in  patiem s vvitlì norm al p an crea tic

d u cts , are  strong ly  d isco u rag ed  because se rio u s  đ u c ta l 
and  paren ch y m al in ju ry  m ay  o cc u r if s te n ts  are left in  
p lace for m ore th a n  a few days. G off re p o rted  a b iliary  
sten t tria l in  21 type II an d  type 111 p a tien ts  w ith  SOD 
w ith  n o rm al b ilia ry  m anom etry . Seven F re n ch  s ten ts  
w ere left in p lace fo r a t least 2 m o n th s  if sym ptom s 
reso lved  an d  w ere  rem o v ed  so o n e r if they  w ere ju d g e d  
ineffective. R elief o f  p a in  w ith  the  s te n t w as p red ic tiv e  o f 
lo n g -te rm  pain  re lie f  a íte r  b iliary  sp h in c te ro to m y . ư n -  
ĩo r tu n a te ly , 38%  o f  the  p a tien ts  d ev e lo p ed  p an c rea titis  
(14%  w ere g rad ed  severe) fo llow ing  s te n t p lacem ent. 
Because of th is h ig h  rate  o f co m p lica tio n s, b iliary  
s ten t tria ls are S trongly  d iscou raged . R olny an d  col- 
leagues also repo rtec l a series o f b ile  d u c t s te n t p lace- 
m en ts as p re d ic to r  o f o u tco m e fo llow ing  endoscop ic  
sp h in c te ro to m y  in  23 p o stch o lecy stec to m y  patien ts 
(7 type II a n d  16 type III). S im ilar to  the s tu d y  by  
Goff, re so lu tio n  o f  p a in  d u r in g  a t least 12 w eeks of 
s ten tin g  p red ic ted  a favorable o u tc o m e from  sph inc- 
te ro to m y  irre sp ec tiv e  o f sp h in c te r  o f Odcỉi p ressu re , 
In th is series th e re  w ere no  c o m p lic a tio n s  re la ted  to 
s ten t p lacem ent.

THERAPY FO R SOD

T he ih e ra p eu tic  a p p ro a c h  in  p a tien ts  w ith  SOD is a im ed 
at red u c in g  the  resis tan ce  caused  by  th e  sp h in c te r  o f 
Odcli to  the flow o f  bile an d /o r  p an c rea tic  ju ice . H istor- 
ically, m o st em p h asis  has b een  p laced  on  definitive 
in te rv en tỉo n , i.e ,, su rg ica l sp h in c te ro p la s ty  o r endo- 
scop ic sp h in c te ro to m y . T his ap p e ars  ap p ro p ria te  for 
p a lien ts  w ith  h ig h -g ra d e  o b s tru c tio n  (type I as p er 
H o g an —G eenen  c rite r ia ) . In  p a tien ts  w ith  lesser degrees 
of o b s tru c tio n , th e  c lin ic ian  m u s t ca re ĩu lly  w eigh the 
risks an d  b e n e S ts  be ío re  rec o m m en d in g  invasive 
therapy.

M e d ic a l  T h e r a p y

M edical th e ra p y  for d o c u m en te d  o r su sp e c te d  SOD 
has received  o n ly  Limited s tudy . B ecause the so is a 
sm o o th  m uscle  s tru c tu re , it is rea so n ab lc  to assum e 
th a t d ru g s th á t re la x  sm o o th  m u sc le  m ig h t be an  effec- 
tive trea tm e n t fo r SOD. S ub lingual n iíe d ip in e  an d  ni- 
tra ies have b ee n  sh o w n  to red u ce  the  basal sp h in c te r 
p ressu res  in  asy m p to m atic  v o lu n te e rs  an d  sym ptom atic  
pa tien ts  w ith  SOD. A lthough  m ed ica l th e ra p y  m ay be an 
a ttrac tive  in itiạ l a p p ro a c h  in  p a tie n ts  w ith  SOD, several 
d raw backs exist. F irs t, m ed ica tio n  side  effects m ay be 
seen  in  up  to o n e - th ird  of p a tien ts . S econd , sm o o th  
m uscle re lax an ts  are un like ly  to  be o f any  b eneíìt in 
pa tien ts  w ith  the  s tru c tu ra l fo rm  o f SOD (i.e ., s o  ste-



no sis )  and  the  resp o n se  is in co m p le te  in  p a tie n ts  w ith  a 
p r im a rv  m o to r ab n o rm a lity  o f the  so (i.e ., so dysk ine- 
sia). F inally , lo n g -te rm  ou tcom e fro in  m ed ica l th e rap y  
h as  n o t bcen  rep o rted . N evertheless, because  o f the  “rel- 
a tive  safety” o f m ed ica l the rapv  an d  th e  b en ig n  ( th o u g h  
p a in íu l)  ch a rac te r o f  SOD, th is a p p ro a c h  sh o u ld  be con- 
s id e re d  in all type III and  less severely  sv m p to m atic  type
II SOD p a tien ts  b e ío re  co n s id erin g  m o re  aggressive 
sp h in c te r  ab la tion  therapy .

Surgical Therapy

T he surg ical ap p ro a ch , m ost co m m o n ly , is a trans- 
d u o d e n a lb il ia ry  sp h in c te ro p la s ty  w ith  a tran sa m p u lla ry  
sep to p la s ty  (p an c rea tic  sep top lasty ). Som e 6 0 —70%  of 
p a tien ts  w ere re p o rte d  to  have b en e íited  írom  th is  ther- 
ap y  d u r in g  a 1- to  10-year fo llow up . P a tien ts  w ith  an  
e leva ted  basal sp h in c te r  p ressu re  d e te rm in e d  by 
in tra o p e ra tiv e  SOM w ere m ore likely  to  im p ro v e  from  
su rg ica l sp h in c te r  ab la tio n  than  w ere  th o se  w ith  a nor- 
m al basal p ressu re . Som e rep o rts  hav e  suggestecl th a t 
p a tie n ts  w ith  b ilia ry -type  pain  have a b e tte r  o u tc o m e  
th an  do  p a tien ts  w ith  id io p a lh ic  p an c rea titis , vvhereas 
o th e rs  have suggesied  no d iííe ren ce . H ow ever, m ost 
s tu d ie s  ỉo u n đ  th a tsy m p to m  im p ro v e m en t fo llo w in g su r- 
gical sp h in c te r  ab la tio n  alone w as re la tive ly  u n co m m o n  
in p a iien ts  vvith es tab lish ed  c h ro n ic  p an c rea titis . T he 
su rg ica l a p p ro a c h  for SOD has la rge ly  been  rep laced  
by en d o sco p ic  the rapy . P atieni lo le ran ce , cost o f care, 
m o rb id ity , m o rta lity , an d  cosm etic  resu lts  a re  som e of 
the  fac to rs th a t íavor an  in itia l e n d o sco p ic  ap p ro a ch . At 
p re se n t, su rg ica l th e ra p y  is rese rved  for p a tie n ts  w ith  
res te n o sis  fo llow ing  en d o sco p ic  sp h in c te ro to m y  an d  
w hetì en d o sco p ic  ev a lu a tio n  a n d /o r  th e ra p y  are  n o t 
availab le o r tech n ica lly  feasible.

E ndoscopic Therapy

E n d o sco p ic  sp h in c te ro to m y  is the  c u rre n t S tandard  
th e rap y  for p a tien ts  w ith  SOD. M ost d a ta  on  en d o - 
scop ic  sp h in c te ro to m y  rela te  to  b ilia ry  sp h in c te r  
ab la tio n  a lone. C lin ical im p ro v em en t fo llow ing  th e ra p y  
has b een  re p o rted  to occu r in  5 5 —95%  o f p a tien ts  
(T able I). These variab le  o u tco m es are  reílective of 
the  d iffe ren t c rite ria  used  to  d o c u m e n t SOD, the degree  
o f o b s tru c tio n  (ty p e  I b iliary  p a tie n ts  ap p e a r to 
have a b e tte r  o u tco m e th an  do types II an d  III), the  
m e th o d s  of data co llec tion  (re tro sp ec tiv e  vs. p ro s- 
p ec tiv e ), and  the  te ch n iq u e s  u sed  to  d e te rm in e  ben e íìt. 
R olny a n d  co lleagues s tu d ied  17 type I postch o lecy s- 
te c to m y  b iliary  p a tie n ts  by  SOM. In  th is  series, 65%  
h ad  an  ab n o rm al SOM (a lth o u g h  n o t speciB cally  s ta ted ,

it  ap p e a rs  th a t the  b ilia ry  sp h in c te r  w as s tu d ied  a lone). 
N evertheless, d u r in g  a m ean  follow up in terval of 
2.3 years, all p a tien ts  beneR ted  from  biliary  sp h in c te ro - 
tom y. T he resu lts  o f th is s tu d y  suggest th a t because typc 
I b ilia ry  p a tien ts  invariab ly  ben e íìt from  biliary  
sp h in c te ro to m y , SOM in  th is  p a tien t g ro u p  is no t 
o n ly  unnecessary , b u t it m ay also  be m isleading. The 
resu lts  o f th is  s tudy , how ever, have never been  validated  
a t a n o th e r  cen ter.

A lth o u g h  m ost o f the  s tu d ies  rep o rtin g  efficacy of 
en d o sco p ic  therapy  in  SOD have been re trospective , 
th ree  n o iab le  ran d o m ized  tria ls  have now  b een  re- 
po rted . In a la n d m ark  s tu d y  by G eenen  an d  associates, 
47  postch o lecy stec to m y  type II b iliary  p a tien ts  were 
ran d o m ized  to b iliary  sp h in c te ro to m y  o r sham  
sp h in c te ro to m y . SOM w as p e río rm e d  in  all patien ts  
b u t w as n o t u sed  as a c r ite r io n  for ran d o m iza tio n . D ur- 
ing  a 4 -year fo llow up, 95%  of p a tien ts  w ith  an  elevated 
basal sp h in c te r  bene íited  from  sp h in c te ro to m y . In  con- 
trast, on ly  3 0 —40%  of p a tien ts  w ith  an elevated  sph inc- 
te r p ressu re  trea ted  by sham  sp h in c te ro to m y  o r w ith  a 
no rm al sp h in c te r  p ressư re  trea ted  by endoscop ic  
sp h in c ie ro to m y  o r sh am  sp h in c te ro to m y  benefited  
from  th is  therapy . T he tw o im p o rta n t íìnd ings of th is 
s tu d y  w ere  tha t SOM  p red ic ted  the ou tcom e from  
en d o sco p ic  sp h in c te ro to m y  an d  th a t endoscop ic  
sp h in c te ro to m y  offered  lo n g -te rm  benefit in type 11 bil- 
ia ry  p a tien ts  w ith  SOD.

S h erm an  and  associa tes re p o rte d  th e ir  p re lim in ary  
resu lts  o f  a ran d o m ized  s tu d y  co m p arin g  endoscop ic  
sp h in c te ro to m y , su rg ica l b ilia ry  sp h in c te ro p la s ty  w ith  
p an c rea tic  se p to p la sty  (w ith  o r w ith o u t cholecystec- 
tom y), to  sh am  sp h in c te ro to m y  for type II an d  type 
III b ilia ry  p a tien ts  w ith  m an o m etrica lly  d o cu m en ted  
SOD. D u rin g  a 3 .0 -year fo llow up  p erio d , 69% of patien ts 
u n d erg o in g  en d o sco p ic  or su rg ica ỉ sp h in c te r  ab la tion  
im p ro v ed , com parecl to  24% in  the sh am  sp h in c te ro to m y  
g ro u p  (p =  0 .009 ). T here  w as a tre n d  for type II patien ts 
to b eneíìt m ore ừ e q u e n tly  from  sp h in c te r  ab la tion , com - 
p ared  to type III p a tien ts  [13/16 (81% ) vs 11/19 (58% ); 
p =  0.141. E v idence is now  accu m u la tin g  tha t the  addi- 
tio n  o f a pancreatic. sp h in c te ro to m y  to an  endoscop ic  
b iliary  sp h in c te ro to m y  in  su ch  p a tien ts  m ay im prove 
the o u tco m e (see la ter).

In  a th ird  s tu d y , postch o lecy stec to m y  pa tien ts  w ith  
b iliary -type p a in  (m o stly  type II) w ere prospectively  
ran d o m ized  to en d o sco p ic  sp h in c te ro to m y  o r sham  fol- 
ỉow ing s tra tiíìca tio n  acco rd in g  to SOM. O f pa tien ts  w ith  
elevated  basal p re ssu re , 85%  (11 o f 13) im proved  at 2 
years a íte r  en d o sco p ic  sp h in c te ro to m y , w hereas 38% (5 
of 13) o f p a tien ts  im p ro v ed  afte r a sham  p ro ced u re  
(p =  0 .041 ).



T here are  n u m e ro u s  n o n ran d o m ized  tria ls reporting  
benefìt ra te s  of 5 6 —78% in type II p a tien ts  w ith  m ano- 
m etrica lly  d o cu m en ted  SOD trea ted  w ith  biliary 
sp h in c te ro to m y . The b en e íìt ratc  in type III patien ts 
w as m ore variable b u t the n u m b er o f patien ts treated 
w as reìa tively  sm all. U n trea ted  pancrea tic  sph inc ter 
hy p erten sio n  appears to be one of the reasons tha t 
p a tien ts  w ith  SOD fail to ben e íìt from  b iliaiy  
sp h in c te ro to m y  alone. Đecause there are  separate  biliary 
an d  p an crea tic  sp h in c te rs , ab la tion  of the biliary sphinc- 
te r alone u sually  leaves the pancrea tic  sph inc te r pres- 
su re  un alte red . Surgeons have ap p rec ia ted  th is ío ryears , 
an d  th is ac co u n ts  for the com m on su rg ica l approach  o f a 
b iliary  an d  p an crea tic  sph inc te rop ỉasty . E versm an and 
co lleagues found  th a i 90% o f SOD p a tien ts  w ith  persis- 
te n t p a in  o r p an c rea titis  after b iliary  sph inc tero tom y 
h ad  residua l ab n o rm ally  elevated  pancrea tic  sph inc te r 
p ressu re . T his sam e g ro u p  rep o rted  th a t 80% of SOD 
patien ts  w ith  iso la ted  elevated  b iliary  sph inc ter 
p ressu re  (n o rm a l p an crea tic  sp h in c te r  p ressure) w ere 
clin ically  im proved  at 5-year fo llow up after biliary 
sp h in c te ro to m y  alone, w hereas on ly  48% of patien ts 
w ith  elevated  basal pancrea tic  sphincLer pressure 
(w ith  no rm al o r abno rm al basal biliary sp h in c te r pres- 
su re ) b en e íited  from  th is therapy. Evidence is now  
accu m u laũ n g  tha t the  ad d ilio n  of an  endoscop ic pan- 
creatic  sp h in c te ro to m y  to a biliary sp h in c te ro to m y  in 
p a tien ts  w ith  SOD m ay im prove ou tcom e. This w ill be 
d iscussed  íu r th e r  in  the  follow ing sections.

These resu lts  clearỉy  ind icate  th a t the response rate  
an d  en th u sia sm  for sp h in c te r  ab la tion  m u st be co rre- 
la ted  w ith  pa tien t p re se n ta tio n  an d  balanced  against 
th e  h igh  com plica tion  ra tes rep o rted  for endoscopic 
th e ra p y  o f SOD. M ost s tu d ies  ind ica te  that patien ts 
u n d e rg o in g  endoscop ic  sp h in c te ro to m y  for SOD have 
c o m p lica tio n  rates tw o to fìve tim es h igher co rapared  to 
p a tien ts  u n d e rg o in g  endoscop ic  sp h in c te ro to m y  for 
d u c ta l stones. P ancreatitis  is the m ost com m on com pli- 
ca tion , o ccu rrin g  in  up  to 20% of patien ts . Endoscopic 
te ch n iq u e s  are being  developed  (e.g., pancreatic  d u c t 
s te n tin g  p r io r  to  com bined  pancreaticob iliary  
sp h in c te ro to m y  an d  p an crea tic  s ten tin g  aíter b iliary  
sp h in c te ro to m y ) to lim it su ch  com plications.

B a llo o n  D i la t io n  a n d  S te n t in g

In  an  a ttem p t to be less invasive and  possibly pre- 
serve sp h in c te r  íun c tio n , ad a p ta tio n  o f th is techn ique to 
trea t SOD has been  described . U n ío rtu n ate ly , because of 
the  u n accep tab ly  h igh  com plication  rates, p rim arily  
p ancrea titis . th is techno logy  has ìittle  role in the m an- 
agem en t o f SOD. S im ilarly , a lthough  biliary s ten tin g

m igh t offer sh o r t- te rm  sy rap to m  b en e fit in  p a tien ts  
w ith  SOD an d  p re d ic t o u tc o m e  from  sp h in c te r  ab la tion , 
it, too, has u n ac ce p ta b ly  h igh  co m p lica tio n  rates an d  
ca n n o t be advocated  in  th is  se ttin g  b ased  on  the avail- 
ab le da ta.

Botulinum  Toxin Iĩýection

B otu linum  tox in  (B otox), a p o te n t in h ib ito r  o f ace- 
ty lcho line  release írom  n erv e  end ings, h as  been  success- 
fully app lied  to  sm o o th  m uscle d iso rd ers  of the 
g as tro in tes tin a l tract su c h  as achalasia . In  a p reliĩĩìina ry  
clin ical tria l, B otox in ịe c tio n  in to  th e  s o  resu lted  in  a 
50% red u c tio n  in  the basal sp h in c te r  p ressu re  an d  im - 
p roved  bile flow. T h is re d u c tio n  in  p ressu re  m ay be 
accom pan ied  by  sy m p to m  im p ro v e m en t in som e pa- 
tien ts. It follow s th a t B otox m ay serve as a th e ra p eu tic  
tria l for SOD, w ith  re sp o n d e rs  u n d e rg o in g  p e rm a n en t 
sp h in c te r  ablation . O n e  su ch  Sludy w as recen tly  re- 
po rted . T w enty-tw o p o stch o lecy stec to m y  type III pa- 
tien ts  w ith  m a n o m etric  ev idencc of SOD u n d erw en t 
Botox iĩý e c tio n  in to  th e  in tra d u ơ d e n a ì sp h in c te r  seg- 
m ent. O verall, 11 o f the  12 p a tien ts  w ho  resp o n d ed  
to Botox, versus 2 o f 10 p a tien ts  w ho  d id  n o t gain 
p a in  relieí, la te r benefited  from  en d o sco p ic  sp h in c te ro t-  
o m y  (p <  0 .0 1 ). Such an  a p p ro a ch , how ever, does re- 
q u ire  at least tw o p ro ce d u re s , each  w ith  th e ir  associa ted  
com plications.

S O D  IN  R E C U R R E N T  P A N C R E A T IT IS

SOD has been  m a n o m etric a lly  d o c u m e n te d  in  15—72% 
o f p a tỉen ts  w ith  re c u rre n t p an c rea titis , p rev iously  la- 
beled  as id iopa th ic . B iliary sp h in c te ro to m y  alone has 
been  re p o rted  to p rev en t ỉu r th e r  p an c rea titis  ep isodes 
in  m ore th an  50% o f su c h  p a tien ts . T he value of ERCP, 
SOM , an d  sp h in c te r  ab la tio n  th e ra p y  w as s tu d ied  in 51 
p a tien ts  w ith  id io p a th ic  p an c rea titis ; 24 (47.1% ) had  an  
elevated  basal sp h in c te r  p re ssu re  a n d  30 w ere trea ted  by 
e ith e r b iliary  sp h in c te ro to m y  (n =  20) o r surgical 
sp h in c te ro p la s ty  w ith  p an c rea tic  sep to p lasty  (n =  10). 
O f these p a tien ts , 15 o f 18 (83% ) w ith  a n  elevated  basal 
sp h in c te r  p ressu re  h ad  lo n g -te rm  benefit (m ean  
fo llow up, 38  m o n th s)  fro m  sp h in c te r  ab la tio n  therapy  
( in c lu d in g  10 o f 11 trea ted  by b ilia ry  sp h in c te ro to m y ), 
in  co n tra s t to  only  4 of 12 (33.3% , p <  0 .05 ) w ith  a 
n o rm al basal sp h in c te r  p ressu re  ( in c lu d in g  4  of 9 trea- 
ted  by b ilia ry  sp h in c te ro to m y ). G u e lru d  et a l., how ever, 
found  th a t severance o f th e  p an c rea tic  sp h in c te r  was 
necessary  to reso lve the p an c rea titis  (T able II). In  th is 
series, 69 p a tien ts  w ith  id io p a th ic  p an c rea titis  du e  LO 
SOD u n d e rw en t tre a tm e n t by  S tandard  b iliary



TABLE II Pancreatic Sphincter D ysíunction  and Re- 
cu rren t Pancreatitis: R esponse to S ph incter Therapy

N um ber o f  patien ts
im p roved /to ta l num ber

Treatm ent o f  p a tie n ts

Biliary sph in cterotom y alone 5 /1 8  (28% )
Biliary sph incterotom y 13/24 (54% )

fo llow eđ  by pancreatic
sp h in cter balloon  d ila tio n

Biliary sp h in ctero tom y p lus 10/13 (77% )“
pancreatic sp h in ctero tom y
at later session

Biliary sp h in cterotom y and 12/14  (86% )“
pancreatic sp h in ctero tom y
at sam e session

a p <  0 .005 vs. biliary sphinctcrotomy alone.

sp h in c te ro to m y  (n =  18), b ilia ry  sp h in c te ro to m y  w ith  
p an c rea tic  sp h in c te r  b a llo o n  d ila tion  (n  =  24 ), biliary 
sp h in c te ro to m y  fo llow ed  by  p an crea tic  sp h in c te ro to m y  
in sep ara te  sessions ( n = 1 3 ) ,  o r co m b in ed  pancrea tic  
a n d  b ilia ry  sp h in c te ro to m y  in the sam e se ssio n  ( n =  14). 
E igh ty -one p ercen t o f p a tien ts  u n d e rg o in g  pancrea tic  
a n d  b iiia ry  sp h in c te ro to m y  h ad  reso lư tio n  o f th e ir  pan- 
c rea titis  c o m p ared  to  28% of p a tien ts  u n d e rg o in g b ilia ry  
sp h in c te ro to m y  a lo n e  (p <  0 .005 ). T hese  clata are con- 
s is ten t w ith  the th e o ry  tha t m any su ch  p a tie n ts  w ho  
b en e íìt írom  b iliary  sp h in c te ro to m y  a lone  have sub tlc  
gallstone p an crea titis . The resu lts  o ĩ G u e lru d  eí ai. also 
su p p o r t the  an a to m ic  íìnd ings of sep ara te  b iliary  an d  
pan c rea tic  sp h in c te rs , and  the  m a n o m etry  íìnd ings of 
residua l p an crea tic  sp h in c te r  h y p e rte n s io n  in  m ore th an  
50% o f p ers is ten tly  sy m p to m atic  p a tien ts  w h o  u n d erg o  
b ilia ry  sp h in c te ro to m y  alone. T oou li et aỉ. also  dem on- 
s tra ted  the  im p o rta n ce  of pancrea tic  an d  b iliary  
sp h in c te r  ab la tion  in  p a tien ts  w ith  id io p a th ic  pancrea- 
titis. In  th is  series, 23 o f 26 p a tien ts  (88% ) u n d e rg o in g  
su rg ica l ab la tio n  o f  b o th  the  biliary an d  pan c rea tie  
sp h ỉn c te r  w ere e i th e r  asym ptom atic  o r h a d  m in im al 
sy m p to m s a t a m ed ian  fo llow up o f  24 m o n th s 
(9 —105 m o n th s). A d iffe ren t g ro u p  re tro sp ec tiv e ly  eval- 
ua ted  the lo n g -te rm  resu lts  o f endoscop ic  p an crea tic  
sp h in c te ro to m y  in  55 p a tien ts  w ith  p re su m e d  (recu r- 
re n t p an c rea titis  w ith  pan c rea tic  d u c t d ila tio n  an d  con- 
trast m ed iu m  d ra in a g e  tim e from  the p an c rea tic  d u c t 
g rea ter than  10 m in u te s )  o r m anom etrica lly  docu- 
m en ted  pan c rea tic  sp h in c te r  dysfunction . D uring  a 
m e d ian  fo llow up of 16 m o n th s  (range, 3 —52 m o n th s ), 
34 p a tie n ts  (62% ) re p o r te d  s ign iíìcan t p a in  im prove- 
m en t. P atien ts w ith  n o rm al p an c rea to g ram s w ere 
m ore like ly  to  re sp o n d  to  therapy  th a n  w ere those

w ith  p an c rea to g rap h ic  ev idence of ch ro n ic  p an c rea titis  
(7 3  vs. 58%).

C u rren tly , the b est m e th o d  to trea t residual pan c re - 
a tic  sp h in c te r  s ten o sis  a fte r b ilia ry  sp h in c te ro to m y  
aw aits  íu rth e r  study . P a tien ts  w ith  id io p a th ic  p an c rea- 
titis  w ho fail to  resp o n d  to b ilia ry  s p h in c te ro to m y  alone 
sh o u ld  have th e ir  p an c rea tic  sp h in c te r  reev a lu a ted  and  
be co n sid ered  for sp h in c te r  ab la tion  if re s id u a l h igh 
p re ssu re  is found.

S O D  IN  PA T IE N T S W IT H  
IN T A C T  G A L LBLA D D ER

SOD m ay ex ist in  the p resen ce  of an in ta c t b ilia ry  tract 
w i th  the  ga llb ladder in situ. B ecause the  sy m p to m s o f s o  
o r g a llb lad d er d y síu n c tio n  c a n n o t be  read ily  sep ara ted , 
the  d iagnosis  o f  SOD is c o m m o n ly  m ade a íter cholecys- 
tec tom y  o r less íreq u e n tly  afte r p ro p e r  investiga tions 
have exc luded  ga llb lad d er abno rm alities. T h e  fre- 
q u en cy  o f m an o m etrica lly  d o c u m e n te d  SOD in p a tien ts  
p r io r  to  cho lecystec tom y has received  lim ited  study. 
G u e lru d  and  co lleagues s tu d ie d  121 p a tien ts  w ith  
sy m p to m atic  ga lls tones an d  a n o rm a l co m m o n  bile 
d u c t d iam ete r (by tra n sc u ta n e o u s  u ỉtra so u n d )  by 
SOM  p rio r  to  cho lecystec tom y . An elevated  basal 
sp h in c te r  p ressu re  w as found  in  14 pa tien ts  (11 .6% ). 
SOD w as d iagnosed  in  4.1%  of p a tien ts  w ith  a n o rm al 
se ru m  a lkaline p h o sp h a tase  (4  o f 96) and  in  40%  w ith  an 
eleva ted  se ru m  alkaline  p h o sp h a ta se  (10  of 25). Ruffolo 
et aỉ. eva lua ted  81 p a tien ts  w ith  sy m p to m s suggestive of 
b ilia ry  disease b u t n o rm a l ERCP and  no  ga llb ladđer 
s to n e s  on tran sc u ta n eo u s  u ltra so u n d  by sc in tig rap h ic  
ga llb lad d er e jec tion  ĩrac tio n  a n d  en d o sco p ic  SOM. 
F ifty -th ree  p e rcen t o f p a tie n ts  h ad  SOD and  49%  had  
an  ab n o rm a l ga llb lad d er e jec tio n  írac tion . SOD oc- 
c u rre d  w ith  a s im ilar íreq u e n cy  in  p a tien ts  w ith  an  ab- 
n o rm a l gallb ìadder e jec tio n  ỉrac tio n  (50% ) an d  a 
n o rm a l ẹ jec tion  írac tio n  (57% ).

T he ap p ro a ch  to  p a tie n ts  w ith  su sp ec ted  SOD and  
in ta c t ga llb lad d er is íreq u e n tly  a cha ìleng ing  p rob lem . 
In p a tien ts  th a t have a c learly  ab n o rm a l gallb ladder 
e jec tion  fraction  (GBEF) o f less th an  35% , it seem s p ru - 
d e n t to p ro ceed  w ith  la p a ro sco p ic  ch o 1 /í., r* y In 
p a tie n ts  w ith  a low  GBEP, th is  ap p ro a ch  m a jio v id e  
re lie f  o f sy m p to m s for 7 0 —80%  o f patien ts . A lthough  
th e re  is som e ev idence th a t cho lecy stec to m y  m ay exac- 
e rb a te  SOD by loss o f the  g a llb lad d er reservo ir íu n c tio n  
an d  decreased  com pliance , th e  risks o f laparoscop ic  
cho lecystec tom y  are less th an  th o se  of ERCP w ith  
SOM. P atien ts  w ith  a b o rd e r lin e  o r  n o rm al GBEF pres- 
en t a d iag n o stic  an d  th e ra p e u tic  d ilem m a as w ell. A 
recen t s tu d y  has suggested  th a t sy m p to m  re p ro d u c tio n



after CCK in íu s io n  m ay be as im p o r ta n t as GBEF in the 
eva lua tion  of u ltrasound -negative  bíliary colic. T hese 
resu lts  w ou ld  te n d  to  favor a triaì r ỉ  cho lecystec tom y 
before p ro ceed in g  w ith  SOM in patiem s w ith  in ta c t gall- 
b lad d er and  su sp ec ted  SOM. The CÌIỈEF m ay be m is- 
lead ing  in  pa tien ts  w ho have had prev ious b iliary  
sp h in c te ro to m y , w ith  a lack of gallb iadder íìlling  seen  
in  75% p ostsph inc te ro tom y .

FAILURE TO ACHIEVE SYMPTOMATIC  
IM PROVEMẼNT AFTER BILIARY 
SPHINCTEROTOM Y

T here  are several p o ten tia l exp lanations as to w hy pa- 
tien ts  m ay Íaíl to achieve sym ptom  relieí afte r b iliary  
sp h in c te ro to m y  is perĩorm ed íor w ell-docum en led  
sp h in c te r o f O ddi dysíunction . F irst, the b iliary  
sp h in c te ro to m y  m ay have been in a d tq u a te  o r  re sten o sis  
m ay have occu rred . A lthough the b iliary  sp h in c te r  is 
com m o n ly  no t to ta lly  ablated, One s tudy  in d ic a tes  
th a t clin ically  sign iíican t biliary restenosis o ccu rs  rela- 
tively in ĩrequen tly . If no “cu tting  space” rem ains in  su c h  
a pa tien t, balloon  d ila tion  to 8—10 m m . m ay suffice, b u t 
lo n g -te rm  o u tco m e from  such therapy is u n k n o w n .

Second, the im portance  o í pancreatic  sp h in c te r  ab- 
la tion  is being increasing ly  recognized. O ne re p o r t has 
show n tha t 25 of 26 patien ts (m ostly  type II), w ho  
failed to  responcl to bỉlỉary sph inc ic ro tom y , had  ele- 
vated  pan c rea tic  sp h in c tc r  prcssure. E ndoscop ic  p an - 
creatic  sp h in c te ro to m y  was períorm ed w ith  overalỉ 
sym ptom atic  im p ro v em en t in two ih irds of p a tien ts . 
A n o th er g ro u p  p erío rm ed  pancreatic sp h in c te ro to m y  
on  43 type I an d  type II SOD paticn ts w ho  failed  to 
ben e íìt from  b iliary  sphincterotom v alone. D u rin g  the 
fo llow up p erio d , 72% w ere sym pĩom  free an d  19% 
w ere partia lly  o r transien tly  im proved. A s tu d y  by  a 
d iffe ren t g roup  also p resen ted  data d c m o n stra tin g  th a t 
response  to sp h in c te ro to m v  depends on tre a tin g  the 
d iseased  sp h in c te r  segm eni. Speciíìcally, the  o u tc o m e 
from  b iliary  sp h in c te ro to m y  alone d e p e n d ed  on  
w h e th e r  the b iliary , pancreatic, o r  bo th  sp h in c te rs  
w ere abnorm al. P atien ts w ith pancrea tic  sp h in c te r  
h y p e rte n s io n  w ho  fail to im prove from  b iliary  
sp h in c te ro to m y  a lone can be “rescuecT bv u n d e rg o in g  
pancrea tic  sph in c te ro to m v . In this s tudy , 80%  of pa- 
tien ts  vvith iso la ted  biliarv sph inc te r h y p e r te n s io n  
bene íìted  from  biliary sph inc tero tom v d u rin g  a 17- 
m o n th  fo llow up period . In contrast. 15% o f p a tien ts  
w ith  iso lated  pancrea tic  sph ìncter h v p e rte n s io n  and  
50% w ith  co m b in ed  sp h in c te r disease im proved . How - 
ever, w hen  p a tien ts  w ith  persisten: sM iiptom s an d  el- 
evated  basal p an crea tic  sph inctcr p ressu re  vvere then

trea ted  w ith  a p an c rea tic  sp h in c te ro to m y , the im p ro v e- 
m e n t rate  w as 77%  for th e  g ro u p  w ith  iso la ted  p an c re -  
atic sp h in c te r  h y p e r te n s io n  an d  80%  for the  g roup  w ith  
co m b in ed  sp h in c te r  d iseasc . O verall, 79% o f p a tien ts  
im proved  a íte r  a b ilia ry  sp h in c te ro to m y  and  selective 
p an crea tic  sp h in c te ro to m y , co m p ared  w ith  a 45% b en - 
efit ra te  if on ly  b ilia ry  sp h in c te ro to m y  w as done.

A th ird  e x p lan a tio n  as to w hy p a tien ts  m ay fail to  
resp o n d  to sp h in c te ro to m y  is because  they  have c h ro n ic  
p ancreatitis . These p a tie n ts  m ay or m ay no t have ab n o r- 
m al p ancrea tog ram s. E n d o sco p ic  u ltra so u n d  m ay shovv 
parenchym al an d  d u c tu la r  changes of the  pancreas in  
som e o f these p a tien ts , suggesting  ch ro n ic  pancrea titis . 
F inally , som e p a tien ts  m ay  be hav ing  pa in  from  a lte red  
gu l m o tility  of th e  s to m ach , sm all bow el, o r co lon  (ir- 
ritab le  bow el o r p se u d o -o b s tru c tio n  varian ts). T here  is 
increasing  ev idence th a t u p p e r  g as tro in tes tin a l m o tility  
d iso rd ers  m ay m asq u erad e  as pan c rea to b ilia ry -ty p e  
p a in  (i.e ., d isc re te  r ig h t u p p e r  q u a d ra n t pa in ). M uìtip le  
p re lim in ary  s tu d ic s  show  d iso rd e re d  d u o d en a l m o ti li ty  
in  su ch  p a tien ts . T h is area need s m u c h  m ore s tudy  to  
de te rm in e  the írequency , sign iíìcance , a n d /o r  coexis- 
tence of these  m o to r  d iso rd e rs  a long  w ith  SOD. A rec en t 
s tu d y  su g g ested  th a t type III p a tien ts  have d u o d en a l 
speciíìc v isceral hypera lgesia  w ith  pain  rep ro d u c tio n  
by d u o d en a l d is ten s io n . T hese p a tien ts  w ere also  
show n  to have h igh  levels o f so m atiza tio n , dep ression , 
o bsessive—com pu lsive  behav io r, an d  anxiety  co m p ared  
to  co n tro l sub jects.

SUMMARY

In  sum m ary , o u r  kn o w led g e  o f  sp h in c te r  o f O dd i dys- 
íu n c tio n  a n d  m a n o m etric  tech n iq u es  to assist in  th is 
d iagnosis are evolving. S uccessíu l endoscop ic  SOM re- 
q u ires  g ood  general ERCP sk ills  and  careíu l a t te n tio n  to 
the m ain  de ta ils  involved . If SOD is su spec ted  in  a type
III o r m ild  to  m o d e ra te  p a in  level type II p a tien i, m ed ica l 
th e rap y  sh o u ld  generally  be tried . If m ed ica l therapy  
íails o r is bypassed , ERCP an d  m an o m etric  eva lua tion  
are reco m m en d ed . The ro le o f less invasive s tu d ies  re- 
m ains u n c e r ta in  due to u n d e íìn ed  sensitiv ity  and  spec- 
iíìcity. S p h in c te r  ab la tio n  is generally  w arran ted  in  
sy m p to m atic  type I p a ù e n ts  a n d  type 11 and  type III 
p a tien ts  w ith  ab n o rm a l m anom etry . The sym ptom  relief 
rate  vari.es from  55 to 95% , d ep e n d in g  OĨ1 the p a tien t 
p re se n ta tio n  an d  seỉec tion . In itia l n o n resp o n d e rs  re- 
q u ire  th o ro u g h  p an crea tic  sp h in c te r  an d  p an crea tic  pa- 
ren ch y m al eva lua tion . SOD p a tien ts  have relatively  h igh  
co m p lica tio n  ra te s  a íte r  invasive s tu d ies  o r therapy . 
T h o ro u g h  review  of the  risk :benefit ra tio  w ith  ind iv id- 
ual p a tien ts  is m andato ry .
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retroperitoneum  The space behind the peritoneaỉ cavity and 
anterior to the muscles and bones of the back, vvherein 
reside the blood vessels, nerves, and lymph nodes 
associated with the abdominal viscera. 

splanchnic nerve Nerves transmitting pain of visceraì origin.

S phincterotom y is the division of the specialized m usclc 
íìbers deíìn ing an apertu re . In the gastro in testinal tract, 
the tw o sph inc ters typically  divided are the sph incter of 
O ddi and  the in te rnal anal sphincter. The aperture (am- 
pulla) deíìned by the sph inc te r of O ddi is that at w hich  the 
com nion bile duct and  pancreatic duct enter the duode- 
num . The in ternal anal sph inc ier preserves fecal conti- 
nence and  is located betw een the anal eanal and the 
ex tem al environm ent.

D IV IS IO N  OF THE SPH IN C T E R  OF O D D I

P atien ts  in  w hom  d iv is ion  of the sph inc ter o f o d d i  
i s  p e r ĩ o r m e d  t y p i c a l l y  h a v e  s y m p t o i ì ìS  r e í e r a b le  t o  ob- 
s tru c tio n  of the b ilia ry  tree (jaurìdice w ith  or w ith o u t 
pa in , d a rk  u rin e , lig h t stoo ls) and  laboratory  stud ies 
suggesting  o b s tru c tio n  (e levation  of the d irect b iliru b in , 
alkaline  ph o sp h a tase , an d /o r  am ylase levels). In ílam m a- 
tion  of the pancreas or s to n es of biliary or p an crea íic  
orig in  causing  o b s tru c tio n  typically have associa ted  
pain  an d  fever. O b stru c tio n s  secondary  to b en ign  or 
m alignan t tu m o r o cc lu d in g  the sph inc te r of O d d i clas- 
sically  p rese n t w ith  pain less jau n d ice  and  w eigh t loss 
from  m alabso rp tive  m aln u tritio n . Pain  associated  w ith  
m a lig n an t o b s tru c tio n  typically  ind icaies surgically  un- 
resectab le , advanced  disease and splanchm c nerve  in- 
vo lvem en t from  tu m o r ing row th  into the sp lan ch n ic  
nerves o f the re tro p e rito n e u m .

D ivision of the  sp h in c te r  o f O ddi (sph inc tero tom y) 
is m o st typ ically  p e río rm e d  w ith  cold kniíe o r  e lec tro - 
cau te ry  endoscop ically  in tro d u c ed  in to  the sp h in c te ra l 
lu m en  an d  w ith d raw n  th ro u g h  one side of the lu m en . If 
the sp h in c te r  is tig h t an d  p rec ludes cannu la tion  by  th is 
m e th o d , a “p re -c u t” tech n iq u e  may be useđ, w here 
endoscop ic  inc ision  in the bile du ct is made th ro u g h  
the co m m o n  w all be tw een  the duodenum  an d  the 
bile du ct. T h is in c is io n  is th en  carried  to the am pulla . 
sp h in c te ro to m y  b o th  íacilita tes bile flow and  allow s

access to  the  com m on  d u c t so tha t im p acted  stones 
m igh t be rem oved  or rad io g rap h ic  v isu a liza tio n  of 
the  b iliary  and  p an crea tic  d u c ts  m igh t be  accom - 
p lished . T he rad io log ic v isua liza tion  of these  du cts  
th ro u g h  endoscop ically  g u id ed  re tro g rad e  irỳec tion  
o f c o n tra c t is k now n  as endoscop ic  re tro g rad e  
ch o lang iopancrea tog raphy . V isua lization  o f the b ile  
d u c t m ay be d iagnostic  an d  d e te rm in e  vvhether su rg ery  
is necessary  for stone o r s tr ic tu re ; if  o b s tru c tio n  of 
the  b ile  d u c t has o ccu rred  from  a b en ign  process, 
the  sp h in c te ro to m y  itse lí m ay  also be th e ra p eu tic  
and  obviate the  need  for o p e n  su rg ica l in te rv en tio n . 
In  su ch  in stấnces, the sp h in c te ro to m y  or associa ted  
s to n e  ex trac tio n  relieves the  p a tie n t’s o b stru c tiv e  
sym ptom s.

R esting sp h in c te r tone is dec reased  fo llow ing 
sp h in c te ro to m y . A lthough th is  o íten  leads to  som e 
low  level o f co n tin u o u s  flow o f  bile in to  the d u o d en u m , 
ad d itio n a l re laxation  of thc sp h in c te r  still accom pan ies 
the  ingestion  of a meal.

D IV IS IO N  OF THE LATERAL IN T E R N A L  
A N A L  SPH IN C T E R

T he co n tin en ce  m echan ism  for fecal m ateria l involves 
an  an a to m ic  an d  physio log ic íu s io n  o f the an o re c tu m ’s 
lo n g itu d in a l an d  c ircu lar m usc le  íìbers w ith  the  levator 
ani m uscles and  those of th e  p u b o rec ta lis  sling. Anal 
íìssu re  is a p a in íu l tear in  th e  ana l sp h in c te r. Typically  
seen  in  p a tien ts  w ith  co n s tip a tio n , the  es tab lished  fis- 
su re  is recognizab!e by the typ ical linear tear in  the 
p o s te rio r  m id line  an d  associa ted  sk in  tag (sen tinel 
p ile ) ju s t  d istal to the tear.

D iv ision  o f  the in te rn a l an a l sp h in c te r, as describ ed  
by  Parks, b reak s the cycle of pa in , spasm , an d  re c u rre n t 
tearing , red u c in g  resting  anal p ressu res  bv 2 5 —50% for 
a t  l e a s t  4 — 6  y e a r s  p o s t o p e r a t i v e l y .

T he p ro ced u re  m ay be p e río rm e d  u n d e r  a general, 
reg io n a l, o r local anesthe tic . R ather than  d iv id in g  the 
in te rn a l sp h in c te r  d irectly  over the  íissure , a la te ra l site 
for the inc is ion  is chosen. T he sp h in c te r  m ay be d iv ided  
by  d ire c t v isua liza tion  th ro u g h  an  inc is ion  m ade over it 
o r  as a b lind  p ro ced u re  w h ere in  a kn ife is in sinuated



FIG U R E  1 The sca lpe l is p laced  through  a lateral stab vvound m ade b etw een  the external and 
in ternal anal sp h in cters (A ). It is  rotated (B) and advanced  in a sa w in g m o tio n  to approach the m ucosa  
and the exam in in g  íìnger (C ). The com p leted  distal lateral sp h in cterotom y is sh ow n  in  D.

betw een  the ex te rn a i an d  in te rn a l sp h in c te rs  (the  
in te rsp h in c te r ic  g roove) and  the in te rn a l sp h in c te r  is 
divi ded  w ith  a finger in  the  re c tu m  to avo id  e n try  in to 
the anal canal an d  crea tio n  o f a fis tu la -in -ano  (Fig. 1). 
T he resu ltan t decrease  in  tone íacilita tes sp o n ta n eo u s  
hea ling  of b o th  the  su rg ica l w o u n d  an d  the  o rig ina l fis- 
su re. The p ro ce d u re  is rarely  associa ted  w ith  in co n ti-  
nen ce  o f so lid  stoo l o r gas; few er than  1% of p a tien ts  
ex p e rien ce  in co n tin e n ce  of m u c o u s  o r o f liqu id  stool.
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reílux B ackw arđ flo w  or  m o v em en t. a-s in  re ílu x  o f  co n te n ts  
from  th e sto m a ch  in to  the eso p h a g u s. 

sp h in cter  R ing o f  c ircu la r  m u sc ỉe  su rro u n d in g  and c lo s in g  
an o r iíìce .

S p h in c ter s  are p r e se n t  in a variety  o f  lo ca tio n s  a lo n g  the  
d ig e st iv e  tract. S o m e  o f  th e  sp h in c tcr s  are c o m p o se d  o f  
sk e le ta l m u s c le ,  o th e r s  are c o m p o se d  o f  s m o o th  m u sc le .  
S k ele ta l m u sc le  sp h in c te r s  are co n tro lled  bv  th e  Central 
n e r v o u s  sy s te m . S m o o th  m u sc ỉe  sp h in c ter s  are c o n tr o lled  
by the enteric nervous System. There are two skeletal 
m u sc le  sp h in c te r s , th e  u p p er  e so p h a g ea l sp h in c ter  and  
th e  e x te m a l anal sp h in c ter . S m o o th  m uscle sp h in c ter s  are 
ío u n d  at th e  g a stro eso p h a g ea l ju n c tio n , g a stro d u o d en a l  
ju n c t io n , i le o c o lo n ic  ju n c tio n , and term in a tio n  o f  the  
large in te s t in e  in  th e  anu s.

SM O O T H  M U SC L E  SPH IN CTER S

S m ooth  m u sc le  sp h in c te rs  consist o f rings of m uscle  thai 
rem a in  in  a c o n tin u o u s  staie o f con traction . Specialized 
“la tch ” m ech an ism s in  the con tractile  filam ents enable 
sp h in c te rs  to m a in ta in  contractile  tone for ex tended  
p e rio d s  w ith  m in im al ex pend itu re  of energy. T he effect 
o f  t h e  t o n i c  c o n t r a c t i l e  S ta te  i s  t o  o c x l u d e  t h e  l u m e n  i n  a  

reg ion  th a t sep ara tes  tw o specialized  com partm en ts. 
W ith  the  ex cep tio n  of the in te rnal anal sp h in c te r, 
sp h in c te rs  íu n c tio n  to  p rev en t the backvvard m ovem ent 
o f in tra lu m in a l con ten ts . The in te rnal anal sp h in c te r 
p rev en ts  u n co n tro lled  m ovem ent of in tra ỉum ina l con- 
ten ts  th ro u g h  the anus.

The lo w er esophageal sp h in c te r p revents reflux  of 
gastric  acicl in to  the  esophagus. Incom petence resu lts  in 
ch ro n ic  ex p o su re  of the csophageal m ucosa to acid, 
w h ich  can  lead  to  h e a rtb u rn  and  dvsp lastic changes 
th a t m ay  becom e cancerous. The gas troduodenal 
sp h in c te r, w h ich  is som etim es called the py loric  sph inc- 
ter, p rev e n ts  excessive reílux  of duodena l co n ten ts  in to  
the  stom ach . In co m p e ten ce  o f th is sp h in c te r can  resu ll 
in  the re ílu x  of bile acids and pro teo ly tic  enzvm es from  
the  d u o d en u m . Bile acids and  pro teo ly tic  enzym es are 
dam ag ing  to  the p ro tec tiv e  barrier in the gastric m ucosa; 
p ro lo n g ed  ex p o su re  can lead to gastritis and u lceration .

T he ileoco lon ic  sp h in c te r  p rev en ts  re tlux  of co lon ic  
co n ten ts  in to  the ileum . ln co m p eten ce  can allow  en try  
of b ac te ria  in to  the ileum  from  the co lon  and  m ay resu lt 
in  bac te ria l overgrow th . Bacterial co u n ts  are no rm ally  
low  in  the sm all in testine.

E N T E R IC  N E R V O U S C O N T R O L

T he o n g o in g  con trac tile  to n e  in  the sm ooth  m uscle 
sp h in c te rs  is generated  by  m yogenic m echanism s. 
T he co n trac tile  State is an  in h e re n t p ro p erty  of the  m us- 
cle an d  is in d e p en d e n t of the n e rv o u s  system . T ran sien t 
re lax a tio n  of the sp h in c ie r  to p errn it the  fo rw ard  passage 
of m ateria l is accom plished  by activation  of en teric  in- 
h ib ito ry  m o to r  n eu ro n s  th a t in n e rv a te  the  sp h in c te ric  
m u scu la tu re .

T h e  in h ib ito ry  ín n e rv a tio n  of th e  sm o o th  m uscle 
sp h in c te rs  is transien tly  ac tiva ted  for tim ed  o p en in g  
and  passage of lum inal co n ten ts . S m ooth  m uscle  
sp h in c te rs  rem ain  ton ically  co n trac ted , occ lu d in g  the 
lu m e n  an d  thereby  p rev en tin g  the passage of co n ten ts  
b e tw een  ad jacen t co m p artm e n ts  (e.g., be tw een  stom ach  
an d  eso p h ag u s). T he in h ib ito ry  n eư rons tha t innerva te  
the sp h in c te r  a re  no rm ally  inactive  an d  are svvitched on  
w ith  tim in g  ap p ro p ria te  for co o rd in a tio n  of the  o p en in g  
o f the  sp h in c te r  w ith  physio log ica l events in  ad jacen t 
reg ions. W h e n  th is occurs, th e  in h ib ito ry  n eu ro tran s -  
m itte r  re laxes the ongo ing  m u sc le  c o n tra c tio n  in  the 
sp h in c te ric  m uscle and p rev e n ts  ex c ita tio n -co n tra c tio n  
in the  ad jacen t m uscle from  sp read in g  in to  an d  closing  
the sp h in c te r. D am age to o r loss of the  in h ib ito ry  
in n e rv a tio n  of sm o o th  m usc le  sp h in c te rs  resu lts  in  fail- 
u re  o f the  sp h in c te r  to  relax. T h is  resu lts  in  the sp h in c te r  
b eco m in g  a b a rr ie r  to  the o n w ard  passage of the lum inal 
c o n te n ts  from  co m p artm en t to  com partm en t.
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Splenectomy
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H an> atd ư n iv e r s i ty  a n d  M o u n t A u b u rn  H o sp ita ỉ

a u to a n tib o d y  A n  a n tib o d y  d irec ted  a g a in st o n e s e ir  
c r o s s -se c tio n a l im a g in g  R a d io lo g ic  s tu d ie s  su c h  as co m p u ted  

to m o g ra p h y  or m a g n e tic  r e so n a n c e  im a g in g , w h ich  
d isp la y  th e  re lev a m  a n a to m y  as a se r ie s  o f  “s l ic e s” from  
w h ic h  th r e e -đ im e n sio n a l r e la t io n sh ip s  can  b e  in íerred . 

e n c a p su la tc d  o r g a n ism s  Bacteria w ith  a w e ll-d e v e lo p e d  ce ll 
w all (e .g ., p n e u m o c o c c u s ) .  

h e m a to p o ie s is  C reation  o f  the ío rm ed  e le m e n is  o f  th e  b lood  

(e .g ., recl c o r p u sc le s ) . 
se q u e s tr a t io n  R eten tio n  o í ío rm ed  e le m e n ts  o f  th e  b lo o d  as 

th ey  p ass {.hrough th e  sp le e n , o fte n  le a d in g  to  their  
d e str u c iio n  or to en la rg em en t o f  th e  sp lee n .

The norm al sp leen  is a fist-sized o rgan  located beneath  the 
left hem idiaphragm . Ít has im m unologic, hem atopoietic, 
and filtering íunctions, w hich vary w ith  the p a tien t’s age; 
alteration  in these íunc tions in  d isease m ay cause recog- 
nizabỉe syndrom es characterized  by  changes in  splenic 
size, syn thesis and sequestra tion  of the  form ed elem ents 
o f the blood, and rate o f rem oval o f form ed elem ents o f the 
blood írom  the circulation . sp lenec tom y  m ay be indicated  
for irreparab le splenic in jury , m u ltip le  organ in jury , hy- 
perfunction , increase in  size, sp len ic neoplasm , splenic 
abscess, o r aneurysm  o f the sp len ic artery . Removal of the 
sp leen  is accom panied by  increased  system ic susceptibil- 
ity to in íection , particu larly  w ith  encapsu la ted  organism s 
and particu larly  in young patien ts.

INJURY T O  THE SPLEEN

T he sp leen  m ay be in ju re d  w ith  a b lu n t b low  to the 
abdom en  w ith  o r w ith o u t ovcrly ing  rib  írac tu re . Rarely, 
it m ay ru p tu re  w ith  ìn fectious d iseases su ch  as in íec-

tious m o n o n u c leo s is . In  cases o f rib  írac tu re , the in ju ry  
caused  by th e  p e n e tra tin g  fragm ents m ay be s im ila r to 
th a t o ccas io n ed  by  a trav e rs in g  m issile o r by im pa le - 
m en t. In  p e n e tra tin g  irỳury , su sp ic io n  o f sp len ic  in ju ry  
is fu rth e r  a ro u se d  by  signs an d  sy m p to m s of b lo o d  loss 
in  the  p resen ce  of b ro k e n  rib s o r  an  ap p ro p ria te  trajec- 
to ry  o f the p e n e tra tin g  foreign  body. In b lu n t traum a, rib  
írac tu re , m e ch a n ism  of in ju ry , o r  K ehr’s s ign  (left sh o u l-  
d er p a in  from  ip sila te ra l d iap h rag m atỉc  irr i ta tio n )  m ay 
also  ra ise  su sp ic io n . S igniR cant red  b lo o d  cells in  the 
p e r ito n e u m  on  lavage o r  fluid on  d iag n o stic  u ltra so u n d  
w ith  a p lausib le  m ech an ism  of irýu ry  m ay suggest the  
need  for lap aro to m y , as m ay m ore  speciíìc  ev idence 
o f  o rg an  in ju ry  o n  c ross-sec tional im aging. Iso lated  
sp len ic  in ju rie s  do  n o t req u ire  sp len ec to m y  in  all cases; 
som e th a t do  n o t involve the h ilu m  m ay be m anaged  
w ith o u t lap a ro to m y  an d  som e in ju rie s  m ay be success- 
fully  rep a ire d  a t lap aro to m y . W h e n  the  sp leen  is one of 
m u ltip le  in tra -a b d o m in a l o rg an s in ịu re d , p a rticu la rly  
w h en  one o f th e  o th e rs  is the  co lon , sp len ec to m y  is 
p referab le  to  sp len ic  p rese rv a tio n . A lth o u g h  sp lenec- 
tom y for som e elective in d ica tio n s  m ay be p e río rm e d  
lap aro sco p ica lly , a lm o st all sp len ec to m ies for trau m a 
a re  p e rfo rm ed  by  o p en  lap aro to m y  because of the  he- 
m o d y n am ic  u rg en cy  o f the s itu a tio n  (h em o rrh ag ic  
sh o ck ) and  the  co n c o m itan t d iffìcu lties in  in sp ec tin g  
b o th  th e  sp leen  a n d  the o th e r  o rgans by  a laparoscop ic  
ap p ro a ch  in  th e  p re se n ce  of s ign iíìcan t b lo o d  loss.

Because o f its  in tim a te  re la tio n sh ip  w ith  the co lon  as 
th is v iscus passes th ro u g h  the  left u p p e r  q u a d ra n t an d  
becau se  of the  p ro x im ity  of the  sp leen  to th e  left k idney , 
left ad ren al, p an c rea tic  tail, an d  g rea ter cu rv a tu re  o f the



S tom ach, su rgery  on  these organs mav p ro d u ce  sp len ic  
irỹury . M ost su ch  in ju rie s  can be repaired , b u t p ersis ten t 
b le ed in g  or deep  in s tru m e n ta l in ju ry  m ay req u ire  
sp len ec to m y  for h em o rrh ag e  con troi.

SPL E N E C T O M Y  FO R  ANEM IA

H ered ita ry  sp h e ro cy to sis  is an au tosom al d o m inan t 
d isease  re la ted  to  b o n d in g  deficiencies of the  p ro te in s  
o f  the  red  b lood  cell m em brane. Red cells lose the ir 
d e ío rm ab ility  d u e  to th is  abnorm ality  an d  becom e 
ro u n d  (spherocy tes) o r ellip tical (ellip tocy tes) w hen  
v iew ed on  sm ears o f the periphera l b lood . sh e a r in g  of 
th e  red  b lood  cell m em b ran e  on passage o í b lood  
th ro u g h  the sp leen  resu lts  in  an anem ia w ith  associated 
ja u n d ic e , re ticu locy tosis , sp lenom egaly , an d  occasion- 
ally  p igm en ted  gallstones as the ab c rran t cells are re- 
m oved  írom  the c ircu la tio n . D iagnosis is m ade by 
ex am in a tio n  of the  p e rip h e ra l sm ear in the p ro p e r  clin- 
ical se tting . S p lenectom y relieves the anem ia , b u t the 
ce llu la r d e ío rm ity  persists.

A no ther au to so m ally  inherited  disease, thalassem ia, 
also p ro d u ce s  ce llu la r m em brane rig id ity , bu t in  ihis 
case by p rec ip ita tio n  of excessive a -h em o g lo b in  cha ins 
in  the  p resence of d ecreased  p ro d u c tio n  o f p-chains. 
S eq u estra tio n  of b lo o d  in  the splenic co rd s resu lts  in 
in tra sp len ic  hem o ly sis  o f red  cells, en largem en t o f the 
sp leen , and  ten d ern ess . R em oving the sp leen  surgically  
add resses  the co m p o n en t of the anem ia occas ioned  by 
the m echan ica l lysỉs, b u t n o t that occasioned  hy the 
p ro d u c tio n  of the ab n o rm a l hem oglobin .

In  congen ita l anem ias, an  a ttcm p t is m ade to  deíer 
rem oval o f the  o rg an  vvell into eh ild h o o d  because of 
co n cern s  re la ted  to  overw helm ing  postsp lenectom y  
sepsis. Rem oval o f  th e  o rg an  before the age of 4 years 
is ju stified  on ly  by  severe disease m an iíesta tions.

IM M U N O L O G IC  R EA SO N S  
FO R SPL E N E C T O M Y

T he im m u n o lo g ic  “tagging” of the ío rm ed  elem en ts of 
the b lo o d  for p rem a tu re  rem oval bv the sp leen  is the 
descrip  tive ex p lan a tio n  o ííe red  for the low  p la te le t coun ts  
o f id io p a th ic  th ro m b o cy to p en ic  p u rp u ra  (ITP) an d  the 
acq u ired  h em oly tic  anem ias. In ITP, det.erm inati.on of 
the  c ircu la tin g  p la te le t co u n t in patien ts vvith petech ial 
h em o rrh ag e  in  the  sk in  o r  m ucous m em branes, bleed- 
ing  w ith o u t traum a, o r b leed ing  ou t o f p ro p o rtio n  to 
in ju ry  estab lishes the  d iagnosis o f ih rom bocy topcn ia ; 
bone  m arrow  asp ira te s  show ing  m egakaryocytes 
an d  the absence of a pharm acologic reason  for 
th ro m b o cv lo p en ia  su p p o rt the diagnosis. S p lcnectom y 
is reserved  íor p a tien ts  íaìling  courscs of ste ro id s or 
o th e r  m edical trea tm e n t o r ihose req u ir in g  ch ron ic

s te ro id  aclm in istration  to  m a in ta in  an ad eq u a te  p la te le t 
co u n t. S p lenectom y is successíu l in ra ising  the  p la te le t 
co u n t to  asym ptom atic  levels in  70% of p a tien ts ; the 
o th e r  30%  p resum ab ly  re ta in  im m u n o g lo b u lin  G 
(IgG )-m ed ia ted  p la te le t-d es tru c tiv e  raech an ism s in 
o th e r  organs.

If the  IgG a u to an tib o d y  tags red  b lo o d  cell m em - 
b rane  p ro te in s , red  cells ad h e re  to sp len ic m acro p h ag es, 
w h ich  d es tro y  them . S tero ids again  are th e  fro n t-lin e  
trea tm e n t, w ith  salvage sp lenec tom y  in the even t of 
ía ilu re  o f m edical m an ag em en t p ro d u c in g  favorab le re- 
sponses in the ran g es re p o rte d  for ITP.

A sp len ec to m y  is effective for h em oly tic  an em ia  on ly  
if the  an tib o d ie s  are w arm -reac tin g ; hem o ly sis  for cold- 
rea c tin g  an tib o d ie s  is ĩgM -m ed iated  an d  o cc u rs  in tra - 
vascu larly  ra th e r th an  w ith in  the  sp leen . As w ith  ITP, 
the persìs tence  o f IgG (w arm  an tib o d y )-m e d ia ted  
hem olysis  a íter sp len ec to m y  ind ica tes  a ro b u s t 
m acro p h ag e  depo t e lsew hcre  in  the re tic u lo e n d o th e lia l 
system , liver, o r b o n e  m arrow .

M E C H A N IC A L  H Y PER SPLEN ISM

H yp ersp len ism  is a cond itio rì ch a rac te rized  by pancy- 
to p e n ia  an d  sp lenom egaly  in  the p resen ce  o f an  active 
b one  m arrow . P rim ary  trea tm e n t is a d m in is tra tio n  of 
co rtico s te ro id s , w ith  sp len ec to m y  rese rved  for p h arm a- 
cologic íailure.

w h e n  the  ab n o rm a l cells o f a m y e lo p ro liíe ra tiv e  
đ iso rd e r , lip id  sto rage d isease , o r ly m p h o p ro liíe ra tiv c  
d iso rd e r  in íiltra te  the sp len ic  red  p u lp , b lo o d  flow 
th ro u g h  the  organ is d im in ish ed , lead ing  to  red  b lo o d  
cell g lucose dep riv a tio n  an d  cell d ea th  by hem olysis . To 
the e x te rn  th a t the m arro w  is in íìltra te d  as w ell, ỉa ilu re  of 
red  ce ll p ro d u c tio n  m ay au g m en t the  anem ia . P roduc- 
tion  of O lher ío rm ed  e lem en ts  m ay also be su p p ressed  by 
the inRUrate. S p lenectom y p ro d u ce s  v ariab le  resu lts , 
d ep e n d in g  on  w h e th e r  ex tra m ed u lla ry  h em ato p o ies is  
au g m en ts  ío rm ed  e lem en t c o u n ts , an d  is u su a lly  p re- 
ceded  b y  a cou rse  of s te ro id s  o r ch em o th e rap y . W hen  
sa lu ta ry , it p ro v id es  sy m p to m atic  re lie í (as th e  palpab le  
an d  sy m p to m atic  en la rg em e n t o f su ch  sp leen s leads to 
early  sa tie ty ) and  m ay íacilita te  the a d m in is tra tio n  of 
d ru g s to  trea t the  p rim ary  d iso rd er.

T he sp leen  is oft.en en larg ed  as p a rt o f the rise in  
tr ib u ta rv  p ressu res  o f the valveless po rta l svstem  in pa- 
ticn ts  w ith  po rta l h y p erten s io n . W h e n  asy m p to m atic , 
sp le n ec to m y  for e n la rg em e n t alonc is n o t ind ica ted . 
sp le n ic  vein  d êc o m p ress io n  w ith  p o rtasy s tem ic  sh u n t 
o r tran s ịu g u la r  in tra h ep a tic  p o rtasy s tem ic  sh u n t, ra th e r  
th an  sp len ec to m y , is the trea tm e n t is o f cho ice  for 
th ro m b o c y to p en ic  po rta l h y p erte n s iv e  p a tien ts  if the 
sp len ic  vein  is paten t. In cases w h ere  b leed in g  gastric 
varices occu r because of sp len ic  vein th ro m b o sis ,



sp le n ec to m y  am elio ra tes the b leed ing  in  c o n tro llin g  
back  p ressu re  írom  the th ro m b o sed  sp len ic  vein , 
w h ic h  is tran sm itted  to  the gastric  varix . Ít is bv th is 
d ec o m p ress io n  th a t the  h cm orrhage  abatcs.

S p lenectom v for m echan ica l h y p ersp len ism  carries 
an  opera tive  m orta lity  rate  o f 15 —30%, as op p o sed  to 
less th a n  5% for elective sp lenec tom y  for n o n m ech an - 
ical causes.

M ISCELLANEOUS REASONS  
FOR SPLENECTOMY

T h e sp leen  m ay bc an  em bolic  si te for b ac te ria  from  an 
in íe c te d  h ea rt valve o r iraư m atic  site and  sp len ic  abscess 
m ay  ensue. D iagnosis is m ade by no tin g  thc  abscess on  
cro ss-sec tio n ed  im aging o r observ ing  a deíec t on  
liv e r—spleen  scan p erío rm ed  for p e rs is ten t in íec tion . 
S p len ic  abscess is trca ted  by sp lenectom y.

A neurysm s of the arte rial b lood  supp ly  to  the  sp leen  
m ay ru p tu re  an d  req u ire  sp lenec tom v. R u p tu re , how - 
ever, is too ra re  a co m p lica tio n  to p ro d u ce  a u n iío rm  
re c o m m e n d a ù o n  for p ro p h y lac tic  sp lenec tom y . 
W o m e n  having  a sp len ic  a rte ry  an eu ry sm  an d  co n tem - 
p la tin g  p rcgnancy  sh o u ỉd  be advìsed of the  increased  
risk  o í ru p tu re  d u r in g  p regnancy .

TECIINIQUES OF SPLENECTOMY

T h e  sp leen  m ay be rem oved  by open su rg ery  o r by  a 
ỉap aro sco p ic  techn ique . ĩn  bo th  tech n iq u es, the separa- 
tio n  of the g rea ter cu rv a tu re  o f  the s to m ach  from  the 
sp le n ic  ílexure  o f the co lon  o ccu rs  by divicìing the fatty  
tissue  in the  gastroco lic  om en tu m . As the  d issec tio n  is 
ca rrie d  cephalad  along  the g rea ter cu rv a tu re  of the 
s to m ach , the grea ter cu rv a tu re  m ay be b ro u g h t fo rw ard  
a n d  folded upvvard to expose the  sp len ic  a r te ry  orig i- 
n a tin g  from  the  celiac axis; the sh o rt gastric  vessels are 
se en  an d  d iv ided  h ig h  o n  the  g rea ter cu rv a iu re . In  op- 
e ra tio n s  p e río rm e d  for low  p la te le t co u n ts  (e.g., ITP), 
th e  sp len ic  a rte ry  m ay be secu red  on  v isu a liza tio n , al- 
low ing  p la te le t tran s íu s io n  before d iv is ion  of the re- 
m a in in g  vcssels an d  m ob iliza tion  of the sp leen .

STAG IN G  OF H ODGKIN S DISEASE

T h e sp leen  is som etim es involved w itb  m a lig n a n t lym - 
p h o m a . O perative  rem oval o í the  sp leen , liver b iopsy , 
an d  ly raph  n o d e  sam pling  w ere  com m onp lace  befo re 
co m p u te d  to m ography  an d  lym phang iog ram  w ere 
sh o w n  to accurate ly  stagp HodgkirTs d iscase in  m ost 
cascs. Suclì “stag ing  laparo tom v" is n ow  rcserved  for 
in d iv id u a ls  YYÚh equivocal im aging w herc  d iíĩe ren ces

in tre a tm e n t resu lt from  k n o w in g  w h e th e r  o r n o t the  
sp leen  is involved .

CO M PLICATIO NS OF SPLENECTOM Y

Rem oval o f  the sp le e n m a y  be acco m p an ied  by b leed ing . 
T h is m ay be from  a nam ecỉ vessel o r from  surg ical di- 
v ision  of sp len ic  ca p su la r ad h e sio n s  to the ab d o m in a l 
side  w all o r  d iaph ragm . T h ro m b o cỵ to p e n ic  co n d itio n s  
inc rease  th e  lik e lih o o d  of b le ed in g  from  su ch  sites.

D am age to th e  p an c rea tic  ta il d u rin g  sp lenec tom y  
m ay resu lt in  p seudocyst ĩo rm a tio n  as p an crea tic  ducta l 
in teg rity  is  lost a n d  the íìb ro b lastic  co n ta in m en i is in- 
com ple te . W h en  the  p an c rea tic  tail is th o u g h t to have 
b ec n  p o te n tia lly  in ju re d  d u r in g  sp len ec to m y , a d ra in  is 
left in  the  sp len lc  íossa; h ig h  am ylase levels from  the  
d ra in ag e  efflu en t suggest th a t the  d ra in  be re ta ined . T he 
re su ltan t p an c re a tic o c u ta n e o u s  fis tu la  w ill o ften  close 
w ith o u t su rgery . Leít su b p h re n ic  abscess írom  su p e rin -  
íec tion  of b lo o d  o r  p se u d o cy st c o n ten ts  may requ ire  
rad io log ỉc  o r  o p en  d rainage. H ow ell-Jolly  bod ies (n u - 
c lea ied  re d  cells) a n d  th ro m b o c y to s is  (som etim es to 
g rea te r th a n  1 ,000 ,000  p la te le ts  p e r  cubic cen tim ete r) 
m ay o cc u r fo llow ing  sp le n ec to m y . A ntibody  p ro d u c tio n  
by the  sp le en  s to p s  w ith  sp len ec to m y , w ith  a concom - 
i ta n t dec rease  in  o p so n iz a tio n  o f en cap su la ted  bacteria .

O v erw h elm in g  p o stsp len e c to m y  sepsis rep rese n ts  
th e  en d  re su lt o f a p red isp o s itio n  to in íec tio n  w ith  
p n eu m o co c cu s , m e n in g o co ccu s, a n d  H aemophilus influ- 
enza  b ac le ria  as a co n seq u en ce  o f sp lenectom y. M ost 
ía ta lities o c c u r  in  ch ild ren  an d  co n cern s for the devel- 
o p m e n t o f p o s tsp len ec to m y  sep sis  have p rơ m p ted  som e 
to  reco m m en d  lo n g -te rm  p e n ic illin  the rapy  fo llow ing 
sp len ic  rem oval in  the  p e d ia tr ic  p o p u la tio n . In the ad u lt 
p o p u la tio n , inc reased  aw aren ess  o f the p o ten tia l for 
in íe c tio n  an d  lo w er th re sh o ld  for an tib io tic  trea tm e n t 
o í  u p p e r re sp ira to ry  in íe c tio n s  are suggested  in post- 
sp le n ec to m y  p a tien ts .

In  m o st cases o f elective sp len ec to m y , the o p era tio n  
is precedecl by vacc in a tio n  for th e  en cap su la ted  organ- 
ism s; the re su lta n t an tib o d ie s  m ay  be at least tran s ien tly  
p ro tec tiv e .

See Also the Following Article

Laparoscopy
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ampulla of Vater The aperture surrounded by the sphincter 
o f  Oddi.

sp h incter  o f  O ddi C ircular m u sc le  lo ca ted  at the a p ertu re  
where com m on bile duct and pancreatic ducts jo in  the 
duodenum .

T-tube S yn th etic  tube in the shape of a “T” whose transverse 
lim b stents the si te o f an incision  in the bile du ct and 
w hose vertical lim b is brought through that in c is ion  and 
th rou gh  the a b đ o m in a l w all. B iliary a n a to m y  m a y  bc  
deíìned by the injection o f contrast material through the 
vertical arm and stones may be m anipulated through it.

A ste n t is a tubu lar p rosthesis  in troduced  in to  a hollow  
viscus to  cnsure that the viscus reta ins a m inim um  func- 
tional d iam eter desp ite  obstruction  occasioned by occlus- 
ion of the visceral lum en by stone, tum or, or ex trinsic  
com pression. S tents may be used  tem porarily  in  situa- 
tions in  w hich reso lu tion  of the obstruction  is likely  to 
occur or to  ensure  m inim al visceral d iam eter in diverse 
processes (e.g., cancer) w herein  the com prom ise o f  vis- 
ceral diam eter is anticipated to be perm anent or P rogres
sive. Typical sites for visceral s ten t p lacem ent in 
decreasing o rder of írequency are the biliary  tree , the 
esophagus, the pancreatic duct, and the sigm oid colon. 
N eoplastic disease of gastro in testinal origin m ay occa- 
sionally  lead to perm anen t placem ent o f s ten ts  in  the 
u reter(s) to perm it con tinued  passage o f u rine from  the 
u pper u rinary  tracts to the bladder. Some su rgeons use 
tem porary  u retera l sten ts  as a m eans of palpably  iden ti- 
fying the u re te rs  during  operations on  the sigm oid colon.

S tents (nam ed  for a 19th  cen tu ry  d en tis t, Dr. W illiam  
S tent) are typically  in tro d u c ed  u n d e r endoscop ic  o r íluo- 
roscop ic  gu idance and  placed  in  a p o s itio n  w h ere  the 
p ro sth es is  w ill allow  n o rm al passage of food  o r sec re tio n s  
th ro u g h  the n a rro w e d  segm ent because b o th  of its ends 
are in  und iseased  o r u n o b stru c ted  reg ions of the  v iscus 
(Fig. 1). V isceral s ten ts  m ay be so lid  or w ebbed  a n d  are 
typically  íash ioned  of p lastic  o r m etal.

p ro p u ls io n  o f  b ile  by  g a llb ladder co n tra c tio n , and  in- 
trin sic  perista ls is  of the b iliary  tree. S tasis o f b ile  b eh in d  
m alig n an t s tr ic tu res , ben ign  s tric tu res , o r s to n es p red is- 
poses to  cho lang itis , as in d ig en o u s b ae te ria , ía iling  to be 
expe lled  in to  th e  gut, p ro liĩe ra te . T h is  m ay lead  to  local 
o r system ic in íec tion . In s tru m en ta tio n  of the  b iliary  tree 
en doscop ica lly  o r tran sh ep a tica lly  m ay in tro d u c e  exo- 
genous bac teria  in to  an  o b s tru c ted  system  as an u n - 
w an ted  b y -p ro d u c t o f iherapy.

Biliary Obstruction Secondary to 
Stone Disease

T he en doscop ic  release of b iliary  o b stru c tio n  due  to 
sto n es involves re tro g rad e  m a n ip u la tio n  of the  b iliary  
tree an d  ex trac tio n  of sto n es th ro u g h  the am pu lla  of

THE BILE DUCT

T he u n o b stru c ted  b iliarỵ  tree is Use lf-nush ing” by  the 
four cooperative processes of ongo ing  bile p ro d u c tio n , 
re laxa tion  of the sp h in c te r  o f O ddi w ith  m eal in g estio n ,

F1GURE 1 A stent traverses an area oí ob stru ction , perm itting  
flow through it. The ends o f the stent are in  norm al areas o f the 
obstructed organ.



V ater; an  o p e ra tin g  en d o sco p e  traverses the m o u th , 
p h a ry n x , esophagus, an d  s to m ach  to  rea ch  the d u ode- 
n u m . E ndoscop ic  access to the  am p u lla  fo r s to n e  ex- 
trac tio n  an d  b iliary  d ra inage  is fac ilita ted  bỵ 
e n la rg em e n t o f the am p u lla  o f V ater by  c u ttin g  the  sur- 
ro u n đ in g  sp h in c te r  o f o d d i  (cf. sp h in c te ro to m y ). C on- 
íidence  th a t sw elling  o r a re ta in ed  s to n e  w o u ld  n o t re su lt 
in  cho lang itis  from  en d o g e n o u s  or in tro d u c e d  bac te ria  
is en hanced  by  the in tro d u c tio n  of te m p o rary  s ten ts  
th ro u g h  the en d o sco p e  to  sp an  th e  am p u lla  at the 
e n d  of the ex tra c tio n  p ro ced u re . O ne en d  of su c h  a 
s te n i rests in  the b ile  d ư ct a n d  the o th e r  rests in  the 
d ụ o d en u m . As w ith  T -tu b es left in  the  b ile  d u c t after 
surg ical m an ip u la tio n , s te n ts  are typ ically  rem oved  
w h en  stones are d o cu m en te d  to  be absen t o n  a 
su b se q u en t rad io lo g ic  study  an d /o r  w h en  sw elling  
from  the n ia n ip u la tio n  of sp h in c te ro to m y  has su b sid ed  
a n d  free d ra in ag e  o f  b ile  from  the  d u c t can  be 
d o cu m en ted .

Biliary O bstruction Secondary to Pancreatitis

T he m ost com m on  reaso n  for ex trin sic  co m p ressio n  
of the bile d u c t is in fỉam m atio n  or in ju ry  o f the pan cre- 
atic  head, w ith  re su lta n t sw elling  of the  am pu lla . Such 
sw elling  can  cause  c lerangem ent o f liver íu n c tio n  tests 
sim ila r to th a t seen  in  o b s tru c tin g  s to n e  or tum or. 
D iagnostic en d o sco p ic  re tro g rad e  cho lan g io p an - 
c ira to g ra m  (ER CP) w ith  t-herapeutic s te n tin g  o f a bile 
d u c t o b s tru c ted  from  p an c rea titis  m ay ex c lu d e  s to n e s  as 
the cause of the  in ílam m atio n  an d  n o rm a lize  elevated  
levels of a lk a lin e  p h o sp h a tase , tran sam in ases , to ta l 
b iliru b in , an d  co n ju g a ted  b iliru b in . T re a tm en t o f the 
p an c rea titis  its e lí  is su p p o rtiv e  (cf. p an c rea titis )  and  
som e su ch  s tru c tu re s  resolve w ith  th e  re so lu tio n  of 
the in ílam m ation .

Malignant O bstruction o f the Biliary Tree 
and Esophagus

M alignan t o b s tru c tio n  of the  co m m o n  bile d u c t 
seco n d ary  to neop lasm  of the  d istal b ile  d u c t, am pu lla  
o f V ater, o r  p an c rea tic  head  p ro d u ce s  e leva tion  o f  liver 
íu n c tio n  tests. ERCP show s n e ith e r  a s ilh o u e tte d  stone  
in  tran sit n o r th e  sm o o th  s tr ic tu re  of p an c rea titis , b u t an  
a b ru p t en d  of b o th  p an c rea tic  an d  b ile  d u cts  in  the 
reg io n  of the am p u lla  ( th e  so -ca lled  d o u b le  d u c t 
sign). E n doscop ic  m a n ip u la tio n  o f th e  am p u lla  fo r di- 
agnostic  cy to logy  or re tro g rad e  in je c tio n  of the  co n tra s t 
to  deíìne the an a to m y  d u r in g  ERCP m ay in tro d u c e  bac- 
te ria  in to  an  o b s tru c te d  system . S ten t p la ce m en t m ay 
allow  n o rm aliza tio n  o f liver íu n c tio n  tests in  an ti- 
c ip a tio n  o f an  o p e ra tio n  p e r ío rm e d  to  re se c t or 
bypass the n eo p lasm  w ith  cu ra tive  or pa llia tive  in te n t.

A lte rna tive ly , in  p a tien ts  at h igh  risk  o r w ith  m etastatic  
d isease , s ten t p lacem en t is in te n d e d  to be p e rm a n en t 
an d  to p ro v id e  a pallia tive a lternative  to  o p en  surgery. 
Because o f the s te n t’s sm all ca liber an d  resu ltan t 
ten d en cy  to  o b s tru c t w ith  b iliary  deb ris , endoscop ic  
rep la ce m en t is often  req u ired  o r p e río rm ed  p rophy lac- 
tically  at 3 -m o n th  in tervals.

W ith  esophageal m alignancies, lifetim e s te n tin g  is 
co n s id ered  as an  a lte rna tive  to su rgery  because a m a- 
jo r ity  o f p a tien ts  sub jec ted  to  “cu ra tive” su rgery  for m a- 
lig n a n t s tr ic tu re  in  th is  reg ion  do  n o t su rv ive 5 years.

ST E N T IN G  O F TH E P A N C R E A S

R epeated  b o u ts  o f a lcoholic  p an c rea titis  p ro d u ce  
segm ental s tr ic tu rin g  of the p ancrea tic  d u c t w ith  
s to n e  íb rm a tio n  and  pain . ERCP detines w h e th e r  the 
íìb ro tic  d u c ta l changes as the  g land  heals are o b litera tive  
o r obstruc tive . Surgical d eco m p ress io n  of the  d u c t w ith  
lo n g itu d in a l p an crea tico je ju n o sto m y  (P uestow  proce- 
d u re )  o r ab la tive  p ro ce d u re s  of the tail [clistal pancre- 
a tec to m y  o r  re tro g rad e  d ra inage  o f the p an c rea tic  duct 
(the  D uval p ro ce d u re )  ] have w ide varia tio n  in  success of 
re liev ing  p a in  an d  a llow ing  w ith d raw a l o f narco tics  de- 
p en d in g  o n  w h e th e r  the p a in  is clue to o b stru c tio n  or 
in ílam m atio n . In terv en tio n al failures m ay be m ultiíac- 
to ria l in  th is  po p u la tio n . A lcoholic rec id iv ism  m ay 
cause p a in fu l re c u rre n t a ttacks of acu te  p an crea titis .

P e rm an e n t s te n tin g  o f the p ancrea tic  d u c t as an  al- 
te rn a tiv e  to  su rgery  to  relieve the p a in  o f ch ro n ic  ob- 
s tru c tio n  is con troversia l, as the sm all ca libe r o f the 
s te n ts  req u ires  ỉreq u e n t changes ío r occ lusion . Some 
have suggested  s ten ts  as a p red ic tiv e  too l to  define 
w ho  w ou!d  bene íìt from  a su rg ica l decom pressive  ap- 
p ro a c h  an d  traverse the o b stru c tio n  in  the p ancrea tic  
duct. Such s ten ts  are in tro d u c e d  th ro u g h  the  am pu lla  
d u r in g  ERCP. T he absence o f relief from  s te n tin g  pre- 
d ic ts  a m in im al im p ac t o f su rg ica l d u c t d ecom press ion  
on n arco tic  req u irem en ts .

ST E N T IN G  OF TH E C O L O N

P lacem en t o f a s te n t in  the s igm oid  co lo n  to  íacilita te 
bow el p rep a ra tio n  for an  o b s tru c tin g  can ce r o r as an 
a lte rn a tiv e  to  su rg ica l resection  o r d iv e rs io n  is co n tro - 
versial. P laced  re tro g rad e  th ro u g h  a co lonoscope , the 
p ro s th es is  clogs easily w ith  so ỉid  fecal m a teria l indige- 
n o u s  to the  left co lon; it m ay also d islodge, e rode , cause 
b leed ing , o r pass w ith  the stoo l. T he use o f s ten ts  to 
en su re  a m in im al d iam ete r for the s igm oid  co lon  com - 
pe tes  un ĩav o rab ly  w ith  surgexy; even w ith  m etastatic  
d isease , m ost p a tien ts  w ith  sigm oid  co lon  can cer can 
be su rg ica lly  resected  o r d iverted . F ew  p a tien ts  able to



have sigm oid  resection  are so o b stru c ted  th a t n o  m e- 
ch an ica l p rep a ra tio n  of the bow el can be ca rrie d  out. 
In trao p era tiv e  a lternatives to sten ting , su ch  as o n -th e -  
table bow el irriga tion , íu r th e r  lim it the ro le of s ten tin g .

S T E N T IN G  AS A N  A D JU N C T  
T O  SUR G ERY

W h e n  su rg ica l resection  o r bypass involves an as to m o sis  
o f a sm all d u ct, such  as the pancreatic  d u c t o r b ile  d u c t, 
to the sm all in testine , som e su rgeons advocate tem po- 
rary  s te n ts  to en su re  a g u aran teed  anastom otic  d iam ete r, 
th e reb y  e n su rin g  patency  an d  íacilita ting  d ra in a g e  as 
an asto m o ses heal. T he absence o f co n tro lled  s tu d ies  
m akes it  im possib le  to d e term ine  w h eih er such  an ap- 
p roach  is beneficial; for larger anastom oses (e .g ., of 
d u c ts  en larged  by ch rơ n ic  o b stru c tio n ), m o st su rg eo n s  
do n o t use such  a prosthesis.

U R ETER A L ST E N T S A N D  THE  
G A ST R O IN T E ST IN A L  TRAC T

ư re te ra l s ten ts  are used  in  associa tion  w ith  trea tm e n t of 
g as tro in te s tin a l d isease in  two c ircum stances: to  iden- 
tiíy an d  p reserve u re te rs  d u rin g  o p era ũ o n s  o n  the  gas- 
tro in te s tin a l trac t in  w h ich  such id en tiíìca tio n  m ig h t be 
d iííìcu lt an d  to ensu re  renal íu n c tio n  in  o b s tru c tin g  
pelv ic cancers .

S ten ts p laced  to avoid  u re te ra l in ịu ry  are in tro d u c e d  
th rơ u g h  re tro g rad e  cystoscopic can n u la tio n  of the 
u re te ra l o riíìces w ith  rig id  tubes. In o p e ra tio n s  o n  ihe 
low er g as tro in tes tin a l trac t (e.g., s igm oid  c o lo n  for

d iv e rticu litis  o r  m alignan t d isease), su ch  id en tiíìca tio n  
is said to h e lp  som e su rgeons avoid in jury .

F or ad v an ced  pelvic m alignancy , the need  for sten ts  
is often  iden tified  by  a lte ra tio n  in ren a l fu n c tio n  or 
d em o n s tra tio n  o f d istal u re te ra l o b s tru c tio n  o n  a rad io- 
g raph ic  s tu d y  such  as u ltra so u n d  o r  co m p u ted  tom og- 
raphy . S ten tin g  is p re íe rab le  to an u ria  in  c ircu m stan ces 
in  w hich  a th e rap eu tic  im pact o n  th e  o b stru c tin g  
m alignancy  is likely. W h en  o b stru c tin g  m alignancy  is 
un like ly  to  be able to be successfu lly  trea ted , u re te ra l 
ob stru c tio n  m ay be left u n s te n te d , as the tox ic ity  o f renal 
ĩa ilu re occasions a death  p re íe rab le  to th a t of a pa in fu lly  
g row ing  u n trea tab le  pelv ic m alignancy . W h e n  ch ro n ic  
u re te ra l s te n tin g  is used , s ten t changes are often  re- 
q u ired  because of deb ris  co llection  in  the sm all- 
lum en  tubes.

See Also the Follow ing Articles
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acanthosis nigricans Darkly pigmcnted velvety patches of 
skin íolds íound in association  w ith gastrointestinaỉ 
m alignancies.

c h r o m o e n d o s c o p y  S p rayin g  o f  a dve that can be seen  
endoscop ica lly  and that m ay high light suríace irregula- 
rities or specific  h isto log ic  íeatures. 

derm atom yositis Inílammatory myopathy maniíesled by 
sym m etric proxim al m uscìe w eakness and sk in  rash, 
often in association  w ith m alignancies. 

endoscopic ultrasound (endosonography) Use of an ultra- 
sound transducer at the endoscop e tip to obtain  
sonographic im ages o f anatom ic structures adjacent to 
the endoscop e.

in c id en ce  N um ber o f new  cases o f a sp ec iíìc  disease íound  
in a defined pop ulation  over a speciíìc  tim e period (such  
as the num ber o f new  cases over a 1-year period). 

Leser—Trelat sign Suđden appearance of m ultiple seborrheic 
keratoses, o íten  concom itant vvilh acanthosis nigricans, 
íound in association  w ith  gastrointestinal m alignancies. 

prcm alignani polyp Cell growih that has the potential of 
progressing to a m alignancy over time. 

prevalence Number of existing cases of a speciíìc disease 
found in a defined population  at one speciíìc  point 
in ti me.

TrousseaiTs syndrom e Migratory superficial thrombophle- 
bitis occurring as a result o f  a hypercoagulable State, 
oíten  in association  w ith or preceding the d iagnosis o f  
cancer.

G astric  polyps are nonm alignan t, p ro trud ing , 
in tra lum ina l m asses inside the stom ach , íound in
1—2% of patien ts. A denom as account for abou t 10% of 
gastric  polyps. A denom as are prem alignant polyps, and 
are  believed to p rogress to m alignant gastric neoplasm s 
over tim e. N onadenom atous po lyps generally  have no 
docum ented  m alignant po ten tia l (w ith  the possib le ex- 
cep tion  of gastric Eundic po lyps in  pa tien ts  w ith  íam ilial 
adenom atous po lyposis). G astric carcinom as (also called 
gastric cancers), o r adenocarcinom as of the stom ach, in- 
clude carcinom as in  the cardia, vvhich also  involve the 
esophagogastric jun c tio n . They do no t include squam ous 
cell carcinom as (alm ost un iversally  w ith  an esophageal 
p rim ary) involving the esophagogastric ju n c tio n . Carci- 
nom as of the stom ach account for abou t 90% of all 
m alignant gastric neoplasm s, w hich also include lym pho- 
m as, strom al cell tum ors, and carcinoids.

AD EN O M AS OF THE STOM ACH

A d en o m as of the stom ach  are fo u n d  th ro u g h o u t the 
s to m ac h , b u t are m ore com m on in the a n tru m  and  
a lo n g  anastom oses. T hey  are variab le in  size, ran g in g  
from  a few m illim ete rs to  several ce n tim ete rs  in  d iam - 
e ter. T h ey  are tru e  p rem a lig n an t gastric  po lyps. T h e ir 
m a lig n a n t p o ten tia l increases w ith  increasing  size, in- 
c reasin g  v illous co m p o n en t, h ig h e r degree of dysp lasia , 
a n d  m u ltip lic ity  in  n u m b er. In ad en o m as larger than  
2 c m , th e re  is abou t a 10% frequency  of ca rc in o m a 
w ith in  th e  adenom a.

A lthough  there  have been  no large-scale p ro spec tive  
s tu d ie s , so  me rep o rts  suggest an  associa tion  of gastric  
a d e n o m a s  w ith  co lon  ad en o m ato u s  polyps. P a tien ts  
vvith g as tric  ad en o m as m ay have a fourfold  h igher 
risk  o f  hav ing  co lo n  ad en o m ato u s  po lyps, an d  those 
w ith  co lo n  ad en o m ato u s  polyỊ^s m ay have up  to a 
20-fo ld  inc rease  in  gastric  adenom as. A special clin ical 
se ttin g  involves the p a tien t w ith  íam ilial ad en o m ato u s  
po lyposis. These p a tien ts  often  have m u ltip le  fund ic 
g la n d  po lyps. Sporadic íu n d ic  g land  po ỉyps in  p a tie n ts  
w ith o u t íam ilia l ad en o m ato ư s po lyposis ap p ear to  have 
no  m a lig n a n í po ten tia l. H ow ever, in  p a tien ts  w ith  fa- 
m ilial a d e n o m a to u s  p o lyposis, th e ir  fund ic  g land  p o lyps 
m ay be p a th o g en e lica lỉy  d is tin c t from  spo rad ic  fund ic 
g land  po lyps, carry  genetic  a lte ra tions, an d  have m alig- 
n a n t p o te n tia l. In p a tien ts  w ith  ỉam ilia l a d e n o m a to u s  
p o ly p o sis , po lypectom y  o r  b iopsies o f m u ltip le  fund ic 
g land  po lyps are n ee d ed  to  d e tec t ad en o m ato u s o r m a- 
lig n a n t changes. In ad d itio n , because  of the  inc reased  
íreq u e n cy  of g as tro d u o d en a l cancers in  su ch  p a tien ts , 
p e rio d ic  su rveillance endoscopy  is ind icated .

S m all gastric adenom as iess th an  1 cm  in  size, like 
m o st o th e r  sm all gastric  po lyps, are  usually  asym ptom - 
atic. B ut la rger adenom as, b ecause  of th e ir p ro p en sity  to 
be lo ca ted  in  the an tru m , m ay cause gastric o u tle t ob- 
s tru c tio n , ep igastric  d istress o r pain , as w ell as o cc u lt o r 
o v ert b leed ing . W ith  the w ide use o f en doscopy  exam - 
in a tio n s , m ost gastric  adenom as are d iagnosed  d u r in g  
e n d o sco p ic  exam ina tions, u su a lly  for abdom inal p a in  or 
o cc u lt b lo o d  loss. W h en  found, all gastric po lyps sh o u ld  
be ex c ised  to ta lly  by po lvpectom y if íeasible. If to ta l



excision  is no t possib le , a focus of invasive carcinom a 
cou ld  very  w ell be m issed. F o r m u ltip le  gastric po lyps, 
the largest five o r six  sh o u ld  be rem oved  to ta lly  by poly- 
pectom y, follow ed by  b iopsy  of a rep resen ta tiv e  sam ple  
of the rem ainder. F or adenom as la rger th a n  2 cm , en- 
doscop ic  u ỉtra so u n d  m ay be h e lp íu l in  d e te rm in in g  
w hich  layers o f the stom ach  w all are involved . If invasive 
carcinom a is found  o r if there  are m u ltip le  large gastric 
adenom as, a su b to ta l gastrectom y m igh t be ind icated . 
O nce gastric  adenom as are found , the p a tie n t p robab ly  
sh o u ld  have a su rveillance endo sco p y  at 1 year. If there 
is recu rren ce  of ad en o m ato u s po lyps or if ad e n o m ato u s 
tissue is p resen t on  b iopsy , su rve illance  endoscopy  
1 year la te r is again  ind icated . If the repea t exam ina tion  
at 1 year is negative, the n ex t endoscopy  cou ld  be de- 
layed for 3 to 5 years, ana logous to the c u rre n t recom - 
m en d atio n  for the  su rveillance of co lon  ad en o m ato u s 
polyps. No su rveillance is in d ica ted  if the  gastric po lyp  
is nonad en o m ato u s.

Several sm all-scale s tu d ies  suggest tha t Heỉicobacter 
e rad ica tion  m ay lead to  reg ression  o f gastric  adenom as 
an d  delay  or inh ib it th e ir  p ro g ressio n  to cancer. E rad- 
ica tion  of Helicobacter in  p a tien ts  w ith  gastric adenom as 
an d  co n co m itan t Helicobacter in íe c tio n  w ou ld  ap p ear 
w arran ted .

C A R C IN O M A S O F THE ST O M A C H  

Introduction

In th e  U nited  S tates, ca rc inom a o f the s to m ach  is the 
eleven th  m ost co m m o n  type of cancer an d  is the four- 
teen th  lead in g  cause o f cancer dea th . F or the  year 2003, 
22 ,400  new  cases of, an d  12,100 dea th s  from , ca rcinom a 
of the  s to m ach  w ere p ro jec ted . W orldw ide , ca rc inom a 
of the stom ach  rem ains the second  m ost co m m o n  cancer 
an d  the second  m ost co m m o n  cause o f cancer dea th , 
desp ite  a co n tin u in g  w orldw ide dec line  in  p revalence 
and  d ea th  rate  over the  pas t seven decades. Even w ith  
the  dec line  in  the overall inc idence o f ca rc in o m as of the 
stom ach , the  d ec line  is p rim arily  th a t o f carc inom as in  
the d ista l stom ach; w hereas the inc idence  of carc inom as 
in  th e  gastric  card ia has b een  in c reasin g  rap id ly  in  the 
p ast th ree  decades. T his appears to  be  acco u n ted  for 
p rim arily  by an  increase  in  carc inom as associa ted  
w ith  B arre tt’s esophagus.

W orldw ide , th e re  is also a 10-fold or g rea ter 
d ifference in  the  ín c id en ce  an d  prevalence of earcino- 
m as of the stom ach , w ith  the  h ig h est inc idence in ja p a n , 
K orea, C hina, and  easte rn  E urope , and  the low est inci- 
dence in  N o rth  A m erica, vvestern E urope , A ustralia, and  
N ew  Zealand. Even w ith in  the  sam e co u n try , inc idence 
can  be m ark ed ly  variable. F or exam ple , there  is a h igh

in c id en ce  in  the m o u n ta in o u s  reg ions of C o lum bia , b u t 
n o t in  the Coastal regions. T his reg ional d iffe rence has 
b een  a ttr ib u te d  to en v iro n m en ta l ĩactors. Ja p an e se  im - 
m ig ran ts  in  the U n ited  S tates have ab o u t a 25%  reduc- 
tio n  in  inc idence of gastric  carc inom as co m p ared  to the  
general Jap an ese  p o p u la tio n . T he second  g en e ra tio n  h as 
m ore th an  a 50% red u c tio n , and  su b se q u en t g en e ra tio n s 
have an  in c id en ce  com parab le  w ith  th a t o f the  general 
U n ite d  States popu la tio n .

E tiology and Risk Factors

T he pathogenesis o f carc inom as of the  stom ach  is 
m ost like ly  m u ltiíac to ria ỉ. T here  has lo n g  b ee n  postu - 
la ted  a sequence  of h isto log ic  p rem a lig n an t changes, 
p ro g ressin g  (rom  a tro p h ic  gastritis to in te sũ n a l m eta- 
p lasia  and  u ltim ately  to carcinom a. T hese p rem a lig n an t 
h isto log ic changes m ay be necessary  b u t c learly  are n o t 
suffìcient. T he ex istence of a genetic  p red isp o s itio n  is 
suggested  by the  find ing  o f  ca rc in o m a of the  stom ach  in  
p a tien ts  w ith  L ynch  syn d ro m e II, one o f the  hered ita ry  
n o n p o ly p o sis  co lo recta l cancer synd rom es. M any pa- 
tien ts  w ith  íam ilial ad e n o in a to u s po lyposis  also  develop 
adenom as and  carc inom as o í the stom ach . In  add ilio n , 
s tu d ies  have show n an app rox im ate ly  tw ofo ld  increase 
in  the re la tive  risk  of ca rc in o m as of the s to m ac h  in tw ins 
an d  in  first-degree re la tives of p a tien ts  w ith  gastric  car- 
cinom as.

C u rren tly , it appears th a t the m o st c lin ically  signi- 
íican t r isk  factor is Helicobacter pyỉori in fec tion . P atien ts 
w ith  Heỉỉcobacter in ĩe c tio n  have a th ree - to  eigh t-fo ld  
inc reased  risk  of deve lop ing  carcinom as of the  stom ach. 
T h e  exact path o g en e tic  m echan ism s have n o t been  de- 
fìned. W ith  the  inc reasing ly  íre q u e n t d e tec tio n  of 
Helicobacter in íec tion , speciíìcally  in  assoc ia tion  w ith  
p ep tic  u lce r disease, th e re  is ongo ing  use o f an tib io tics  
to  e rad ica te  ch ro n ic  Heìicobacter in fec tio n s in  devel- 
op ed  coun tries. T his m ay even tually  he lp  fuel fu rth e r  
dec lin es  in  the p reva lence and  inc idence  of carc inom as 
o f the stom ach .

M any o th e r  r isk  íac to rs  ha ve also  b een  p ro p o sed  for 
ca rc in o m as o f the s tom ach . H ow ever, m ost of these 
o th e r  risk  factors have been  associa ted  w ith  only  
sm all an d  in c o n sis te n t increased  risks. T he strongest 
r isk  íacto rs, o th e r th a n  hered ity  an d  Heỉicobacter infec- 
tion , in c lu d e  p ern ic io u s  anem ia , p rev io u s  gastrectom y  
o r gastric  su rgery , ch ro n ic  a tro p h ic  gas tritis , an d  in tes- 
tina l m etap lasia .

Clinical M anifestations

The clinical p resen tation  of carcinom as of the stom ach 
is dram atically  different in  Japan  com pared  to the rest of 
the w orld. Jap an  has very high incidence and  has had  a



national screening program  in place since the 1960s. Per- 
h aps as a resu lt ol the aggressive screening program , car- 
c inom as of the stom ach tend to be at an  early stage w hen 
diagnosed in  Japan. E arly gastric cancer, defined  as carci- 
nom a lim ited  to only the m ucosa and  subm ucosa, ac- 
coun ts  for u p  to 50% of cases of gastric carcinom as in 
Japan . H ow ever, early gastric cancer accounts for fewer 
th an  20% of cases in  the U nited  States.

Early gastric cancer tends to be asym ptom atic in  up  to 
80%  of patients. In advanced gastric carcinom a, i.e., in 
paticn ts w ith  later stage disease, the m ost com m on find- 
ings are w eight loss and  abdom inal pain. In addition, nau- 
sea ancl vom iting, anorexia, dysphagia, occu lt o r overt 
gastro in testinal b lood loss, early satiety, and sỵm ptom s 
of pep tic u lcer disease are found in  m ore than  one-quarte r 
of patients. All o f these sym ptom s are, of course, nonspe- 
ciíic. In  add ition , advanced gastric ca rđ n o m as m ay also 
p resent w ith  nodal m etastases and  in traabdom inal m etas- 
tases, and  their associated signs an d  sym ptom s, including  
adenopathy , ascit.es, and gastro in testinal obstruction . 
P araneoplastic conclitions, such  as T rousseau’s syndrom e, 
acanthosis n igricans, Leser—T rela t sign, and  derm atom yo- 
sitis, have been  described.

D iagnosis

T he d iag n o sis  o f ca rc in o m a of the  s to m ach  is best 
m ad c  by en d o sco p y  w ith  b iopsy. T he en d o sco p ic  ap- 
p ea ran cc  of ca rc in o m as can range from  p o ly p o id  
m asses, o íte n  w ith  u lcera tions, to  u lc e ra tin g  m asses, 
an d  to su p e ríìc ia l an d  in filtra tin g  lesions. B oth earlv  
an d  ad v an ced  ca rc inom as have b een  classified m o rp h o - 
logically , b u t the  m orp h o lo g ic  c lassiíìca tions have lim - 
ited  c lin ical value for staging, trea tm e n t, o r p rognosis.

D efinitive tissue diagnosis requires endoscopic biopsy. 
D iagnostic accuracy is h ighest w hen at least six biopsies 
are taken. If an  ulce.r is p resen t, b iopsies shou ld  be taken 
from  the edge and  base of the u lcer and n o t from  the 
necrotic debris. C hrom oendoscopy  w ith  dye staining 
m ay help  h ighlight suspicious areas Lo guide targeted bi- 
opsy. C on trast radiological stud ies m ay be used for diag- 
nosis, b u t a  foỉlow up endoscopic exam ination  w ith  biopsy 
is still ind icated  to coníìrm  tissue diagnosis and  guide 
subsequen t trea tm en t and  m anagem ent.

Im ag ing  s tu d ie s  m ay  also be  h e lp íu l in  staging. C om - 
p u te d  to m o g rap h y  (C T) scans are especially  h e lp íu l in  
d e tec tin g  p u lm o n a ry  o r h ep a tic  m etastases, as w ell as 
in tra a b d o m in a l and large p e rito n e a l m etastases. CT 
scans o ften  u n d e re s tim a te  the  size an d  ex ten t o f  involve- 
m en t o f the p rim a ry  tu m o r an d  can  m iss sm all in tra - 
ab d o m in a l an d  p erito n ea l m etastases of 5 m m  o r  less, 
an d  are  th e re ío re  p ro n e  to  u n d ers tag in g . E ndoscop ic  
u ltra so u n d  is  m ost help íu l for defin ing  the ex tern  of

the p rim a ry  tum or. It can  have u p  to  90%  accu racy  in  
d e íìn in g  the d ep th  of invasion , an d  th is is especially  
h e lp ĩu l in  d iffe ren tia tin g  early  gastric can ce r from  
m ore advanced  disease. E ndoscop ic  u ltra so u n d  is also 
h e lp íu l in  d e tec tin g  perigastric  lym ph  n o d e  involve- 
m en t. In ad d itio n , end o sco p ic  u ltra so u n d -g u id e d  íìne 
need le  a sp ira tio n  can  en h an ce  stag ing  accuracy . H ow - 
ever, d is ta n t ly m p h  nodes, the  liver, an d  the  lungs can- 
n o t be im aged  satisíacto rily . In  p a tien ts  w ho  p resen t 
h ig h e r su rg ica l risks, som e su rg eo n s also p re fe r p reop- 
erative la p aro sco p y  to  d e tec t sm all p e rito n ea l m etasta- 
ses an d  to  d e te rm in e  su rg ica l resectability .

S creen ing

Ja p a n  is the on ly  co u n try  tha t has p u b lish ed  resu lts  
o f large n a tio n w id e  p o p u la tio n  sc reen in g  p rog ram s for 
ca rc in o m as o f  the stom ach . S creen ing  w as in itially  by 
d o u b le -c o n tra s t rad io g rap h s , then  by in trag aslric  cam - 
eras, b u t is now  done  to ta lly  by endoscopy . A bout 
7 m illio n  p e rso n s  are sc reen ed  and ab o u t 7000 cases 
o f ca rc in o m as of the s to m aeh  are id en tif ied  annually . 
T his a c co u n ts  for m ore  th an  100 cases p e r  100,000 
p erso n s  sc reened . M ore th a n  50%  of gastric  ca rc inom as 
d e tec ted  by sc reen in g  are  early  gastric  cancers. A bout 
90% have no  lym ph  node invo lvem ent, u n d e rg o  cura- 
tive resec tio n , an d  have 5- and 10-year surv ival ra tes  of 
g rea ter than  90%. F u rth e r  analysis show s th a t perso n s 
u n d erg o in g  sc reen in g  have 50%  low er risk s  of dy ing  
from  ca rc in o m as of the s to m ach  co m p ared  to  those  
w ho  do  n o t p a rtic ip a te  in  screen ing .

In the  rest o f the w orld , in c lu d in g  the  U n ite d  States, 
the in c id en ce  of ca rc inom as of the  s to m ac h  is m arked ly  
1.0 w er a n d  ren d e rs  sc reen in g  less clin ically  effective and 
th u s m u c h  less cost-effective. In the  U n ited  States, even 
in  p erso n s  w ith  iden tiíìed  p red isp o s in g  risk  íactors, 
su ch  as Heỉicobacter in íec tio n , p e rn ic io u s  anem ia , p re- 
v ious gas trec tom y , ch ro n ic  a tro p h ic  gas tritis , an d  in tes- 
tinal m etap lasia , sc reen in g  does n o t a p p e a r to have 
value. A lth o u g h  th e re  are no  p u b lish ed  d a ta  or clin ical 
trials, re la tive  risk  data  suggest th a t sc reen in g  can  be 
rec o m m en d e d  on ly  fbr p a tien ts  w ith  id en tiíìed  adeno- 
m as of the  sto m ach , as w ell as those  w ith  íam ilia l ade- 
n o m a to u s  p o ly p o sis  and  h ered ita ry  nonpo ly p o sis  
co lo rec ta l cancer.

Staging

T he m ost im p o rta n t ía c to r in  d e te rm in in g  the  cura- 
tive resec tab ility  an d  p ro g n o sis  o f ca rc inom as of the 
s to m ac h  is clin ical stage. T here  are m in o r d iííe rences 
in  the stag in g  system s c u rren tly  in  use, b u t m o st system s 
are com parab le . M ost generally  accep ted  stag ing



system s are based o n  the p rim ary  tu m o r (T), nodal 
in v o lv em en t (N ), and  m etastasis (M ) (TN M ) system , 
w h ereb y  these íactors are u sed  to d e te rm in e  a clinical 
stage. P a tien ts  w ith  carcinom a ( tu m o r) in situ  (Tis) or 
in tra ep ith e lia l neoplasia  have stage 0 d isease, and  ha ve 
a chance o f 5-year survival of close to 100%. Those w ith  
T I  tu m o rs , limi.ted to the m ucosa an d  subm ucosa (also 
te rm ed  ea rly  gastric cancer), are generally  stage 1, and  
have 5 -year survival rates of h igher th an  90%. T2 tu- 
m ors, w ith  invo lvem ent of the m uscu laris  p ro p ria , gen- 
era lly  fall in to  stages II and  III, and  p a tien ts  have 5-year 
survival ra tes  of abou t 50%. P atien ts w ith  T3 tum ors, 
w h ich  invo lve the serosa an d  are generally  stage III, ha ve 
5-year survival rates of abou t 20%. P atien ts w ith  T4 
tu m o rs, w h ich  involve ad jacen t organs and  s truc tu res , 
a lm o st alw ays have nodal involvem ent o r d is tan t me- 
tastases. T hey  usually  ha ve stage IV disease and  have 
v irtua lly  a 0% 5-year survival raie (Figs. 1 and  2).

Treatment

S urg ical resection  of the p rim ary  carcinom a and  ex- 
c is io n  o f  ad jacen t involved lym ph  nodes rem ain  the 
S t a n d a r d  o f  t r e a t m e n t .  Even w i t h  a d v a n c e d  d i s e a s e  

th a t is n o t am enable for cure, surg ical resection  w ith  
pallia tive  in te n t rem ains the m ost effective way of pro- 
v id ing  sy m p to m atic  relieí, w ith  re lie ỉ o f abdom inal pain  
an d  o b stru c tiv e  sym ptom s in  m ore th an  50% of patien ts. 
T h ere ío re , laparo tom y or laparoscopy w ith  curative

in te n t an d  to op tim ize  p a llia tio n  sh o u ld  be ca rried  
o u t in  v irtua lly  a ll p a tien ts  ex cep t those w ho  are no t 
surg ical c a n d id a te s  o r those  w ith  advanced  d is tan t 
m etastases an d  n o  local o b stru c tiv e  sym ptom s. F or 
p a tien ts  w ith  p o ly p o id  early  gastric  cancers , Jap an ese  
en d o sco p ists  w ill perío rm  en d o sco p ic  m ucosa l resec- 
tion , a lth o u g h  th is  tech n iq u e  has n o t seen  w ide use 
in  the U n ited  S tates. For th o se  p a tien ts  n o t am enab le  
to surg ical re se c tio n  o r pa llia tion , or for those  in w hom  
surg ical p a llia tio n  is n o t possib le , en d o sco p ic  b a llo o n  
d ila tio n , s te n t p lacem en t, th e rm a l the rapy , laser ther- 
apy, o r p h o to d y n a m ic  therapy  can  p ro v id e  p a llia lio n  in 
se lec ted  patien ts .

The h ig h  rec u rren c e  and  relapse ra tes  after cu ra tive  
and pallia tive resec iions have p ro m p te d  n u m e ro u s  
stu d ies  on  p reo p e ra tiv e  an d  p o sto p e ra tiv e  ad ju v an t 
therapy . So far, th c re  is no  ev idence  th a t p reo p e ra tiv e  
ad ju v an t rad ia tio n  therapy  o r c h e m o th e ra p y  has any 
survival benetìt. S im ilarly , p o s to p e ra tiv e  rad ia tio n  thc r- 
apy  has also  n o t show n  any  surv ival benefit. P ostoper- 
ative ad ju v an t the rapy , as w eỉl as ch e m o th e ra p y  for 
advanced  n o n resec tab le  d isease , has sh o w n  a sm all su r- 
vival bene íìt. M ore th an  30 c h e m o th e ra p eu tic  agents, 
u sed  as single agen ts o r in c o m b in a tio n , have been  tested  
in clin ical trials. S uccessíu l s in g le-ag en t o r co m b in a tio n  
ch em o th e rap y  reg im ens have shovvn ab o u t a 30%  re- 
sponse ra te , a lm o st always p a riia l responses, b u t n o  or 
only  lim ited  su rv ivai beneíit. T he c u rre n t S tandard
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F IG U R E  1 C lassiíìcation o f  gastric carcinom as bv depth o f  prim ary tum or invasion  (T classiíì-  
cation). In the lum or/node/m etastasis (TN M ) classiíication , T đ en otes d ep ib  oí invasion . T is desig- 
nates carcinom a (tum or) in s itu  (intraepithelial neoplasia); T I tum ors are con íin cd  to the m ucosa and 
subm ucosa, T2 tum ors penetrate the m uscularis propria but not the serosa , T3 tum ors penetrate the  
serosa w ithou t involving con tiguou s structures, and T4 tum ors peneirate the serosa and involve  
adjacent organs and tissues. In early gastric cancer, the d isease is co n íìn ed  10 ihe m ucosa and sub- 
m ucosa, vvithout regard to size or nodal involveraent, and is  eq u iva len i 10 T 1 tum ors. The layers o f  the  
gastric wall may be visualized  by endoscop ic u ltrasound (EUS) as five lavers, alternately hvperechoic  
(bright) and h vp oech oic (dark). Reproduced vvith perm ission  írom  Figure Luk, G. D. (1 9 9 8 ). T um ors 
of the stom ach. Ịn “G astrointestinal and Liver D isease” (M . F eldm an , B. F. Scharschm idt, and  
M. H. S leisenger, ed s.) 6th ed ition , page 743. C opyright w. B. Saunders.
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Classitỉcation stage

co m b in a tio n  regim en is tha t of ep irub ic in , c isp la tín , 
an d  ílu o ro u rac il (EC F). T his has been  show n to have 
ab o u t a 50% response rate, w ith  a few com plete  re- 
sponses, and  to confer ab o u t a 3 -m o n th  survival advan- 
tage. F o r pa tien ts  w ho can n o t to le rate  or have ỉailed 
S tandard  therapy , there  are generally  ongo ing  clin ical 
tria ls sp o n so red  by The N ational C ancer In stitu te , and  
p a tien ts  w ho  m eet eligibility criteria  m ay b en e íìt by 
b e in g  en ro lled  in these clin ical trials. It appears tha t 
m ơ st new  advances in  the early  d e tec tio n  and  m anage- 
m en t o f adenom as and  carcinom as of the stom ach  w ill 
em an a te  from  Jap an , w here  the disease is m u ch  m ore 
p rev a len t an d  w here there  are w ell-estab lished  national 
sc rcen ing  and  research  program s.
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Stage 5-Year Survỉval

0 100%
IA 95%
IB 82%
11 55%

IIIA 30%
IIIB 15%
IV 2%

EGC (T I) 90%

F IG U R E  2  T um or/nodule/m etastasis (TN M ) staging o f  gastric 
carcinom a and relationship  to survival. This com m on  staging  
system  is based o n  the TNM  classiíìcation . T classiíìcation  is  by 
depth o ĩp rim ary  tum or invasion  (see  Fig. l ) ,a n d N  classificaưon is 
by nodaì ìnvolvement; NO represents no nocỉal involvem ent, N I re- 
presents invnlvement of perigastric nodes vvithin 3 cm of the priitiary 
tumor, N.2 represents involvement of more distant perigastric nodcs 
and regional nodes thai are amenahle to removal át gastreciom v, and 
N3 represcnts involvement oí more distant intraabđominal nodcs thai 
are not remováble ai surgery. Stage 0 represents Tis, carcinoma 
(lum or) in situ , which is not a true clinical malignạncy. Stage IA 
represents the earliest slage o.f malignancy, progressivcly advancing 
through stạges IB, II, I1IA, II1B, and íìnally stage IV. Stage IV represenis 
disseminated metastatic disease, with ihe presence o f  MI at any T or N 
stage. Although it is theorcticallv possible to have stagc IV disease thai 
is TIN0M.1. m ost stage IV disease is T3 or T4 with at least N2 involve- 
m eni. It is also im pợrtáiìt to note thai carlv gastric cancer, vvhich is T I 
discase, mav be a separate clỉnicáỉ entity with a highly íavorable prog- 
nosis and for which gastrectomv is curative, at lcast in Japan. 
Reproduced vviih pcrmission from Figure Luk, G. D. (1998). Tumors 
of the stomach. ín '‘Gastrointesiinal and Liver Disease” (M. Feldman, 
B. F. Scharschmiclt, and M. H. Sleisenger, eds.) 6th Ed., p. 744. 
Copyright w . B. Saundcrs.
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Stomach, Anatomy
D a n ie l  R. C la ybư r g h  a n d  J e r r o l d  R. T 
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hiatal hem ia Protrusion oĩ part of ihe stomach, usually the 
cardia, into the thoracic cavity through the esophageal 
opening of ihe diaphragm. 

mesothelium A layer of cells lining an iniernal cavity of the 
body, such as the peritoneal or pericardial cavities. 

pepsin A protein secreted in the stomach that begins 
cleaving ingested proteins into smallcr polypcptides. 
It ỈLinctions optimally in the iicid environment of 
the stomach, at pH 1—3, and is inactivated when the 
acid is neutralized, at pH 5 or higher, in the duodenum. 

pem icious anemia An anemic condition characterized by 
larger than normal (megaìoblastic) red bỉood cells. 
Insuííìcient gastric production of intrinsic íactor leads 
to deíìcient ileal absorpticm of vitamin B I2. Deíìciency of 
B12 leads to ineííective red blood cell production in the 
bone marrow.

plexus A network or ịoining together of multiple nerves, 
blood vessels, or lymphatic vessels. 

vagus nerve Cranial nerve X. The paừed vagus nerves 
provide parasympathetic innervation to thc heart, lungs, 
and gastrointestinal tract to the level of the left colic 
ílexure.

The stom ach is a d istensib le  sac eonnected to thc esoph- 
agus proxim ally and the duodenum  distally. It serves two 
m ajor íunc tions in  the digestive system . First, it is a tem- 
porary  Holding area for food, slowly portỉon ing  the mass 
o f consum ed food in to  the duodenum  for íu rther d igestion  
and  absorp tion . Second, food is m ixed w ith gastric 
secretions and churned  to be broken dow n into a semi- 
liquid  form, term ed chym e. Both thc gross anatom y and 
the m icroscopic anatom y of thc stom ach reílect these 
íunctions.

Yoshikane, H., Sakakibara, A., Hidano, H., Niwa, Y., Goto, H., and 
Yokoi, T. (2001). Piecemeal endoscopic aspiration mucosect- 
om y for largc superíìcial intramucosal tumors of the stomach. 
Enảoscopy 33 , 7 9 5 -7 9 9 .

STER

G R O SS A N A TO M Y  

Location and Anatomic D ivisions

T he stom ach  is located  in  the  left u p p e r  reg ion  of the  
ab d o m en , ju s i b en e a th  the  d iap h rag m . C o n n ec ted  p rox - 
im ally  to the esophagus an d  d isia lly  to  the  d u o d en u m , 
the  stom ach  is d istensib le , w ith  a p o te n tia l vo lum e be- 
tw een 1200 an d  3000  ml d ep e n d in g  on  the vo lum e of 
food p resen t. It is ro u g h ly  shaped  iike the  le tte r J; the 
m edial concave side is k n o w n  as the  lesser cu rv a tu re  an d  
the la tera l convex  side is k n o w n  as the  g rea ter cu rva tu re  
(Fig. 1). T he stom ach  can be d iv id ed  in  to  fìve parts. T he

FIGURE 1 A naiom y o f  the stom ach.



ca rd ia  is an  ill-deR ned reg io n  b eg inn ing  at the gastro- 
esophageal ju n c tio n  an d  ex ten d in g  in to  the fìrst to
2 —3 cm  of the  stom ach . T he fu n d u s is th e  section  of 
s to m ac h  tha t lies s u p e rio r  to  the g as troesophageal j u n o  
tion . A pprox im ately  tw o -th ird s  of the w ay  along  the 
lesser cu rv a tu re  lies a  sh a rp  ang le  k n o w n  as the inc isu ra  
an g u laris ; above th is angle to  the  level o f gastroesoph- 
ageal ju n c tio n  lies th e  co rp u s  o r body  o f the  stom ach . 
T he distal th ird  of the  s to m ach , the an tru m , ex ten d s  
b elow  the inc isu ra angu laris . F inally , the  p y lo ru s  is a 
n a rro w  1 to 2 cm  long  ch an n e l co n n ec tin g  the  s to m ach  
to the  duo d en u m . A re la tive ly  co m m o n  a lte ra tio n  in 
gas tric  ana tom y  is a h ia ta l hern ia . T his c o n d ltio n  in- 
creases the occu rren ce  of esophageal re ílu x  an d  m ay 
even tua lly  leacl to esophageal ad en o carc in o m a.

Circulation

T he s to m ach  receives the  m ạịo rity  o f its  b lood  sup- 
p ly  from  the celiac tru n k , a b ra n c h  off o f the  descen d in g  
ao rta  that arises a t th e  level o f the T I 2 verteb ra . The 
celiac tru n k  sp ỉits  in to  th ree  m a jo r d iv isions: th e  left 
gastric  a rte ry , the sp len ic  a rte ry , an d  the h ep a tic  artery . 
T he leít gastric  a rte ry  ru n s  along  the  le sser cu rv a tu re  
a n d  anastam oses w ith  the righ t gastric a rte ry , a b ran c h  
o f the  h ep a tic  artery . T h e  h ep a tic  a rte ry  also  gives rise  to 
ihe g as tro d u o d en a l a rte ry , w h ich  la ter b eco m es the 
rig h t gas troep ip ỉo ic  artery . T h is artery  ru n s  along  the 
g rea te r cu rva tư re  an d  su p p lie s  the  lateral s to m ach , w ith  
tw o b ran c h es  o f the sp len ic  a rte ry , the left g as tro ep ip lo ic  
and  sh o r t gastric a rte ries. T h ere  are n u m e ro u s  in te rco n - 
n ec tio n s , o r anastam oses, am o n g  the a r te rie s  supp ly in g  
the  stom ach , m ak ing  ischem ic in ía rc tio n  a very  un- 
co m m o n  event.

Innervation

T h e s to raach  receives b o th  sy m p a th e tic  an d  para- 
sy m p a th e tic  inn erv a tio n . S yn ipathe tic  nerves arise  from  
the th o rac ic  sp ina l co rd  a n d  synapse in  the celiac 
ganglia. F rom  there , the  sy m p a th e tic  nerves follow  
the gastric  an d  gas tro ep ip lo ic  a rte ries  to e n te r  the stom - 
ach. Pain  sensation  from  thc  s to m ach  is re lay ed  to the 
Central nervous system  by  w ay of the  afferen t 
sy m p a th e tic  íìbers. P arasy m p ath e tic  in n e rv a tio n  
com es from  the vagus nerves. B oth the p a ired  an te r io r  
an d  p o s te rio r  vagus nerves b iíu rc a te  as th e y  en te r  the 
abdom en . The an te r io r  vagus d iv ides in to  th e  hepatic  
an d  a n te r io r  gastric b ran c h es  an d  the p o s te rio r  vagus 
form s the celiac and  p o s te rio r  gastric  b ran ch es. The 
an te r io r  an d  p o ste rio r gastric  b ran ch es in n e rv a te  the 
m ạịo rity  o f the s to m ach , a lth o u g h  the p y lo ru s  is in n er- 
vated  by the  hepatic  b ran c h  o f  the  a n te r io r  vagus. In 
k eep in g  w ith  the “rest an d  d ig es t” fu n ctio n  o f the para-

sy m p a th e tic  nervous system , these nerves s tim u la te  acid 
sec re tio n  in  the body  an d  íu n d u s  of the s to m ac h  and  
in c rease  m otility  in  the  an tru m .

M IC R O SC O P IC  A N A T O M Y

As in  the rest o f the  g as tro in tes tin a l trac t, the w all o f the 
s to m ach  is d iv ided in to  four layers: m ucosa, sub m u co sa , 
m u sc u la ris  p ro p ria , an d  serosa . These layers are specia l- 
ized w ith in  the s to m ac h  to ca rry  o u t the  s to m ach ’s role 
in  d igestion .

M ucosa

General Appearance

T h e m ucosa is the in n e rm o st layer o f the  w all lin ing  
the s to m ach  cavíty. T he m ucosa  an d  subm ucosa  be low  it 
are p iled  in to  folds, k n o w n  as rugae, in  the co n trac ted  
s tom ach . The rugae a re  h ap h a za rd ly  arranged  in  the 
íu n d u s  and  body, bư t are arran g ed  lo n g itu d in a lly  in 
the an tru m . As the  s to m ac h  d istends, the rugae íla tten  
OUI to  accom m odate  the  in c reased  volum e.

O n  closer in sp e c tio n , th e  m ucosa consists  o f  pits 
(íoveolae) invag inating  from  the  sưríace. B eneath  
these is an  ex tensive n e tw o rk  of g lands tha t em p ty  
in to  th e  p its , w ith  one to  seven  g lands em p ty ing  in to

FIG URE 2 Histology of the gastric body and fundus.



each  p it (Fig. 2). B eginning at the ir en try  in to  the pits, 
each  g lan d  is d iv ided  in to  an  isthm us, a neck, an d  a base. 
T he p its  an d  g lands are lined  by a single layer of colum - 
n ar ep ith e lia l cells. As described  below , m u ltip le  spe- 
c ialized  cells tỵpes th a t carry  speciíìc d igestive íu n c tio n s 
are p re se n t in  the gastric glands. The ep ithelia l cells rest 
on  the b asem en t m em brane, w hich  separates the epi- 
thelia l co m p artm e n t of the m ucosa from  the lam ina 
p ro p ria . T he lam ina p ro p ria  is a loose co llec tion  o f tissue 
th a t su p p o rts  the ep ithelium ; w ith in  it are b lood  vessels, 
nerves, lym phatic  vessels, im m u n e cells, and  connective 
tissue. T ogether w ith  the ep ithelium  and  the lam ina 
p ro p ria , the final co m p o n en t of the rnucosa is the 
m u scu la ris  m ucosa. The m uscu laris  m ucosa is a con tin - 
u o u s  shee t of sm o o th  m uscle th a t deíines the b o rder 
b e tw een  the m ucosa an d  the subm ucosa. The 
m u sc u la ris  m ucosa is com posed  o f tw o layers: an 
in n e r  c ircu la r and  an  o u te r long itud inal layer.

T he gastric  m ucosa is vital to the function  of the 
s to m ach  as a digestive organ. T he ep ith e liu m  is respon- 
sib le for the secreiion  of subsiances im p o rta n t for 
d ig estio n , in c lu d in g  hyd roch lo ric  acid  and  pepsin . 
T he lu m e n a l pH  o f ihe s to m ach  can be as low  as 
0 .9 —1.5. T h is harsh  en v iro n m en t is im p o rta n t for the 
b re a k d o w n  o f food, b u t also po ten tia lly  dam aging  íor 
th e  lin in g  o f the stom ach  itselí. T hus, the m ucosa has 
several p ro tec tive  m echan ism s tha t co llaborate  to form  a 
b a rr ie r  th a t p ro tec ts  the s to m ach  from  its ow n secre- 
tions. F irs t, the cells th a t line th a t surface an d  p its  
secrete  a th in  layer of m ucus tha t coats the ep ithe lium  
an d  fo rm s a b arrie r to  acid  diffusion. A dditionally , active 
b ic a rb o n a te  secre tion  by the suríace ep ith e liu m  creates 
a th in  n eu tra l pH  en v ironm en t at the ep ithelia l surỉace. 
T he c e ll—cell ịun c tio n s thá t link  gastric ep ithelial 
cells also form  a b arrie r to acid m ovem ent, w ith  the 
tig h t ju n c tio n s  p reven ting  the leak of lum enal ac id  
b e tw een  ep ithelia l cells. Loss of th is b a rrie r íu n c tio n  
is one o f  th e  íìrst effects o f n onste ro ida l anti-in flam m a- 
to ry  d ru g s, the m ost co m m o n  cause of gastric in ju ry  in  
the  U n ite d  States. The r ích  gastric b lood  su p p ly  is 
im p o r ta n t for the rap id  clearance of leaked  acid  and  
as the p rin c ip a l source o f oxygen and  n u tr ie n ts  to 
the  ep ith e lịu m . F inally , the  rap id  tu rn o v er ra te of the 
íoveo lar ep ith e liu m , w h ich  is rep laced  every 3 —6 days, 
also en su res  tha t any  dam age to the m ucosa is rep a ired  
qu ick ly . G iven the h a rsh  en v iro n m en t of the gastric 
lu m e n , all of ihese p ro tec tive  m echan ism s are necessary  
for the p rev en tio n  of serious m ucosal dam age. F or 
exam ple , decreased  gastric b lood  flow, as in shock , or 
in te rru p tio n  of ep ithelial cell d iv ision , as occu rs  w ith  
som e ch em o th e rap eu tic  agents, can  resu lt in  m ucosal 
u lcera tio n .

Body and Fundus

T hese p o rtio n s  o í  the s to m ach  m u co sa  are respon - 
sible for th e  m ajo ritv  of th e  secre tio n s necessary  for the 
s to m ach  to fu n c tio n  p roperly . As such , the  g lands form  a 
th ic k  layer tha t rep resen ts  ap p ro x im ate ly  th ree -q u a rte rs  
of the m ucosal th ickness. T he rem a in in g  m ucosa is de- 
vo ted  to the  gastric  pits. As is tru e  th ro u g h o u t th e  stom - 
ach, the p its  are  lined  by  co lu m n ar cells th a t secrete  
m ucus and  b icarbonate .

The g lan d s o f the body  an d  fu ndus co n ta in  several 
cell types. P arietal cells are  the  p rim ary  cells o f these 
g lands. T hese  cells are d is tr ib u ted  a lo n g  the  len g th  of the 
g land , are ro u g h ly  py ram idal in  shape, an d  secrete  hy- 
d ro ch lo ric  ac id  and  in trin sic  íactor. ln tr in s ic  íacto r 
form s a co m p lex  w ith  v itam in  B I 2 in the gastric 
lu tn e n  an d  íacilita tcs its a d so rp tio n  in  the d istal 
ileum . Parietal cells (and  ch ie l cells, d iscu ssed  below ) 
are rep laced  on ly  every l  to 2 years, in  co n tra s i to every 
few days for th e  m ucous cells. T hus, dam age lo parie ta l 
cells can  lead to long-tern i p rob lem s; th is  is the case w ith  
p e rn ic io u s  anem ia. A u to im m u n e d e s tru c tio n  of p arie ta l 
cells leads to  a deR ciency o f in trin s ic  factor. O ver a 
perio d  o f m o n th s  to  years, a sh o rtía ll in  th e  level of 
v itam in  B12 develops, lead in g  to ineffective red  b lo o d  
cell p ro d u c tio n .

The p arie ta l celìs have a com plex  n e tw o rk  of canals, 
o r canalicu li, th a t ru n  th ro u g h  thern a n d  o p en  in to  the  
g land  lum en . T hese canalicu li are lin e d  w ith  ihe  H + ,K +- 
ATPase, the  p ro to n  p u m p  resp o n sib le  for acid  secretion . 
T hese p u m p s arc the  targel o f a co m m o n  class of th e r-  
ap eu tic  agen ts, the “p ro to n  p u m p  in h ib ito rs ,” th a t are 
u sed  for th e  trea tm e n t o f gastritis, gastric  u lcer, an d  
esophageal in ịu ry  due to re ílu x  of gas tric  acid. T he p ro- 
to n  p u m p  is capable of c rea tin g  a lu m e n a l H + concen - 
tra tio n  3 m illio n  tim es th a t found  in  the cell. C rea ting  
su ch  a large g rad ien t is energy-in tensive . T h u s, p arie ta l 
cells Gontain ab u n d a n t m ito ch o n d ria , w h ich  are essen- 
tial for the p ro d u c tio n  of ATP. S ecre tion  o f acid  and  
in trin sic  íac lo r from  the p arie ta l ce ll is s tim u la ted  by 
th ree  d iffe ren t m ed iato rs. V agus nerve s tim u la tio n  leads 
to acid sec re tio n , as does h is tam in e  release from  n ea rb y  
en te roch rom affìn -like  (ECL) cells. In  ad d itio n , g as trin  
re leased  fro m  G cells in  the  an tru m  also increases pa- 
rietal cell secre tions and  s tim u la tes  increases in  p arie ta l 
cell mass.

C h ief cells are p red o m in an tly  co n íin ed  to  the bases 
of the gastric  g lands. T hese cells sccrete  p ep s in o g en  1 
an d  II, the inactive p rec u rso rs  of pepsin . T hese  p rec u r-  
sọ rs are cleaved  in  the low  pH  of th e  gastric  lu m en , at 
vvlìich p o in t they  becom e cnzym atically  active an d  are 
d cs ignated  pepsin . The p ep s in o g en s  are  packaged  in  
g ran u les  th a t fìll the cy top lasm  of the ch ief cells; tu sion



of the  vesicle vvith the  cell m em brane leads to pepsin - 
ogen  release. S tim u la tio n  via th e  vagus nerve  is the pri- 
m ary  ac tiva to r o f p cp s in o g en  secretion .

A n asso rtm en t o f n eu roencỉocrine  cell types is also 
p re se n t in  the  gastric  g lan tls. In  the body  an d  íund ic  
m ucosa, m osi cells are ECL cells. T hese cells resp o n d  to 
G -cell-derived  gas trin  w ith  the secre tio n  o f h istam ine, 
w h ich , in  tu rn , s tim u la te s  acid  secre tion . S ero ton in- 
p ro d u c in g  en te ro ch ro m a ffin  cells are also  p resen t. ư n -  
like  the  o th e r  cells o f the m ucosa l g lands, the  endocrine  
cells sccrete  th e ir  p ro d u c ts  in to  the b lo o d stream  
w ith in  the lam ina  p ro p ria , ra th e r  th a n  it!to the 
lu m e n  of the g land . T hese  h o rn io n es  can  then  act on 
n ea rb y  (p arac rin e  s tim u la tio n ) o r d is tan t (en d o crin e  
s tim u la tio n ) cells.

M ucous n eck  eells a re  also  sca tte red  w ith in  the 
g lands and  are m ost heav ily  c lu ste red  at the g land 
n eck . These cells secre te  som e m ucus, b u t th e ir pri- 
m ary  fu n ctio n  is th a t o f a stem  cell. T hev  d iv ide to 
fo rm  u n d iffe ren tia ted  d au g h te r  cells th a t are capable 
o f several ad d itio n a l ro u n d s  of d iv is ion  be ío re  they 
d iffe ren tia te  in to  the v a rio u s  cell types th a t co n s titu te  
the  gastric ep ith e liu m . D u rin g  d iffe ren tia tio n , these 
cells m igrate  up  to  rep lace  the su ríace  m u c o u s  ep ithe- 
liu m  or m ig ra te  d o w n  to  rep lace parie ta l, chief, and 
n e u ro e n d o c rin e  cells.

Antrum

T he a n tru m  is easily  d iffe ren tia ted  from  the body 
an d  íu n d u s  on  a m ic ro sco p ic  level. T his p o rtio n  of the 
sto m ach  does n o t have as g rea t a secre to ry  function  as 
the  b od y  an d  fundus; th u s , the an tra l g lands occupy  less 
th a n  half o f the  m u c o sa l th ick n ess . The p its  occupy  the  
rem a in in g  m a jo rity  of th e  m ucosa. The p its  are lin ed  
w ith  m u c u s-p ro d u c in g  ce lls  sim ila r to  those  cells found  
in  the  p its o f the  body  an d  íu n d u s . T he g lands of the 
a n tru m  differ from  th o se  in  the  b ody  and  fu n d u s, as thev 
d o  n o t  c o n t a i n  p a r i e t a l  o r  c h i e f  c e ỉ l s .  A side f r o m  1T1UCUS- 

p ro d u c in g  cells an d  s tem  cells , en d o c rin e  cells d om ina te  
the  a n  trai g lands. A p p ro x im ate ly  h a lí  o f these  en d o crin e  
cells are G cells, w h ich  p ro d u c e  gastrin . As m en tio n ed  
ea rlie r , gas trin  is a h o rm o n e  th a t s tim u la tes  parie la l cells 
in  the body  an d  fu n d u s  to  p ro d u c e  acid; it also  enhances 
gastric  m otility . S ign iíìcan t n u m b ers  o f se ro to n in - 
p ro d u c in g  en te ro ch ro m a ffìn  cells an d  so m ato sta tin - 
p ro d u c in g  D cells also  p o p u la te  the an ira l glands.

Subm ucosa

T he su b m u co sa  is a lay er o f loose connective  tissue 
loca ted  b e tw een  th e  m u sc u la ris  m ucosa and  the 
m uscu la ris  p ro p ria . N u m ero u s  p lexuses of nerves, ar- 
teries, veins, and  ly m p h a tic s  are found  in  th is layer.

M uscularis Propria

T he s to m ach  differs from  o th e r  p a rts  o f the d igestive 
system  in th a t its m u scu la ris  p ro p ria  con ta in s  th ree  dis- 
tinc t m uscle  layers in stead  of the u sua l two. T he o u te r 
layer o f lo n g itu d in a lly  a rranged  íìbers an d  th e  in n e r  
layer o f c ircu larly  a rran g ed  íìbers co rresp o n d  to  the 
tw o layers found  th ro u g h o u t the rest o f the d igestive 
trac t, b u t a th ird  layer, consis ting  o f ob lique ly  a rran g e d  
íìbers, is located  ju s t  in te r io r  to the  c ircu la r layer. T he 
m uscu laris  p ro p ria  o f the s to m ach  is also th ic k e r  th an  
the  m uscu la ris  p ro p ria  th ro u g h o u t the rem a in d e r o f the  
g as tro in tes tin a l trac t. In  ad d itio n  to the im p o rta n t con- 
tractile  fu n ctio n  ca rried  o u t by the m uscu la ris  p ro p ria , 
th is th ick  m uscle layer serves as an  im p ed im en t to  gas- 
tric  u lcer p ro g ressio n . T h is is o f critica l im p o rtan ce , 
because the u n d e rly in g  serosa offers m in im al p ro te c tio n  
an d  because u lcer ex ten s io n  th ro u g h  the m u scu la ris  
p ro p ria  leads to gastric  p e río ra tio n . T he re su ltin g  sp ill- 
age of gastric c o n ten ts  in to  the ab d o m en  req u ire s  em er- 
gen t su rgery  an d  is associa ted  w ith  a h igh  ra te  o f 
m orta lity .

At b o th  the  p y lo ru s an d  the gas troesophageal ju n c -  
tion , the c ircu la r layer is m ore  p ro n o u n ce d , w h ere  it 
ío rm s sp h in c te rs  th a t a llow  the s tom ach  cavity  to be 
sealed  off. F ailu re  of the  gas troesophageal ju n c tio n  
can resu lt in  the  re ílux  o f gastric  ac id  in to  the esophagus. 
Paiỉu re o f the p y lo ru s can  resu lt in  u n reg u la ted  release 
o f incom ple te ly  p rocessed  food in to  the  sm aỉl in testin e . 
C ongen ita l h y p e rtro p h ic  py lo ric  stenosis, a d iso rd e r  
íou n d  m ore co m m o n ly  in  m ale in ían ts , rep rese n ts  in - 
ap p ro p ria te  ex p an sio n  of the m uscu la ris  p ro p ria  in  the 
py loric  reg ion  w ith  o b s tru c tio n  of the py lo ric  ch an n el. 
Ingested  food  ca n n o t e n te r  the sm all in te stin e  v ia  the 
py lo rus, re su ltin g  in  p ro jec tile  vom iting  as the gastric  
c o n ten ts  are ío reed  th ro u g h  the  gạstroesophageal ju n c -  
tion . T his co n d itio n  is su rg ỉca lly  co rrec tab le  and  is the 
m ost co m m o n  su rgery  p e rĩo rm e d  d u r in g  the  íìrst 
6 m o n th s  of life.

Serosa

T he ex tern a l, o r p e rito n ea l, su ríace  of the s to m ach  is 
covered  by the  serosa. T h is th in  layer consists o f  loose 
connective  tissue covered  by  a single layer o f cu b o id al 
m eso the lia l cells. T h is covering  serves to  reduce fric tion  
o n  the  s to m ach  d u r in g  its  c h u rn in g  m ovem ents.
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Stress
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Mí. C arm el H ealth , C o ỉu m b u s, O hio

a l lo s ta s is  D y n a m ic  p ro cesses  in v o lv ed  in  the  d e íe n se  o f  
h o m e o sta s is  th a i are g en erated  in r e sp o n se  to  real or 
p e r c e iv e d  stressors/tr iggers. 

allostatic load C ost o f  a ilo sta sis , w h ic h  is the w ear-an d -tear  
d a m a g e  resu ltin g  from  ch ro n ic  o v era ctiv ity , u n d eractiv - 
ity , o r  m ism a n a g e m en i o f  a llo sta tic  sy s te m s , a ll o f  w h ich  
can  lea d  to  d isea se  and  illn ess . 

homeostasis In ternai n eu ro b io lo g ica l s ta b ility  and  b alan ce  
that are  m a in ta in ed  through  a llo stasis; cr itica l to  su rv iva l 
a n d  h ea lth .

s tr e s s  A d a p tiv e  p h y sio lo g ic a l resp o n se  to real or p erceived  
th rea t to  h o m eo sta sis; a natural sy stem  to  p ro tec t and  
resto r e  h o m e o sta sis , b u t ca n  b e c o m e  h a rm íu l over  tim e. 

s tr e s s o r  E xtern a l or in tern a l p h y sica l, b io lo g ic a l, en v iro n -  
m e n ta l, or s itu a tio n a l ía c lo rs  ihat rep resen t an a e lu a l or 
p e r c e iv e d  ihreat to  h o m e o sta sis .

The horm ones and o ther physiologic agents tha t m ediate 
the Central s tress response of the brain , body, and diges- 
tive sy stem  (gut) have protective and adaptive im m ediate 
effects th a t are essential for survival and m aintenance of 
hom eostasis and health  (i.e., allostasis, or “good s tress”). 
H ow ever, over longer tim e intervals, s tress response 
agents exact a cost w hen they are over p roduced, under 
p roduced , or m ism anaged (i.e., allostatic load, or “bad 
s tre s s”). A lterations in the Central stress response and 
allostatic load related to genetic, environm ental, and be- 
havioral inAuences contribute to the pathophysiology of a 
b road range of diseases and illnesses; however, scientií- 
ically validated strategies for reduction of harm íul effects 
of the s tress response and allostatic load are available.

IN T R O D U C T IO N

M any people w ith  d isease and  illn ess  no te exacerba tion  
of sym ptom s co rre la ted  w ith  liíe events tha t are per- 
ceived to be s tressíu l. O thcrs fail to repo rt any su ch  
association . W h a t is stress an d  how  com m on is ít? 
H ow  does th e  bod y  respond  to stress? Is stress good 
or bad  for us? W h a t can be d o n e  ab o u t stress? N ew  
scientiíìc u n d e rs ta n d in g  of in d iv id u a l responses to 
acu te  and  ch ro n ic  stress and  o f th e  m in d /b ra in —b o d y / 
gu t co n n ec tio n  h as resu lted  in a reassessm ent of the ro le  
o f ch ron ic  s tress in  d isease an d  illness.

D ISE A SE  A N D  ILLN ESS

Disease can be deíìned  as th e  ex ternally  veriíìable 
evidence of a patho log ical State, w hereas illness is 
defined  as a p e rs o n s  p e rc ep tio n  of ill hea lth , w h ich  
is ev ident from  sym ptom  rep o rts , belieís, and  behav- 
ior. There can  be a sign iíìcan t d isco rdance betw een  
disease and  illness. F or exam ple , an in d iv id u al w ith  
the  disease o f a d eep  pep tic  u lce r of the s to m ach  or 
d u o d en u m  m ay n o t describe any  illness sym ptom s, 
such  as ab d o m in aỉ pain. By con trast, a person  w ith  
a sm all an d  superfic ia l u lcer m ay rep o rt severe pain . 
The stress resp o n se  co n trib u tes  to the p a thophysio l- 
ogy of d isease an d  illness and  helps ex p la in  the ir 
cornm on d isco rdance .



DEFINITIO N OF STRESS

S tress is an adap tive  physio log ical response  to the de- 
te c tio n  of e ith e r  ex terna l (ex te rocep tive) o r in te rna l 
(in te ro cep tiv e) stresso rs . B ruce s. M cEw en developed  
a new  w ay o f co n cep tu a liz in g  and  u n d e rs ta n d in g  the 
stress response (Fig. 1). W h en  stresso rs rep rese n t a 
real o r  perceived  th rea t to the neu rob io log ica l balance 
(hom eostasis) o f a p e rso n , physio logical and  behavioral 
resp o n ses are tr iggered  in  o rd er  to  achieve ad a p ta tio n  
an d  surv ival in  the sh o r t ru n  (i.e., a llostasis). T he p ro- 
tective and  resto ra tiv e  allosta tic p rocesses of the body 
are  m ed ia ted  th ro u g h  the au to n o m ic  n ervous system , 
th e  hyp o th a lam ic  — p itu ita ry —adrenal (HPA) axis, and  
the ca rd iovascu la r, m etabo lic  an d  im m une system s. 
H ow ever, over lo n g e r p erio d s  of tim e, the sam e response 
Systems th a t are d es ig n ed  to p ro tec t and  resto re  can  be 
dam aging  and  can cause o r exacerba te  sym ptom s, 
disease, a n d  illness (i.e ., a llosta tic load).

THE EM OTIONAL MOTOR SYSTEM

T he Central s tress  resp o n se  is m ed iated  th ro u g h  the 
e m o t i o n a l  m o t o r  s y s t e m  (EMS) o f  the  C e n tr a l  n e r v o u s  

System (CNS). T he EMS reíers to a ne tw o rk  th a t in- 
c lu d es  the an te r io r  c ingu late  co rtex , h ypo thalam ic  nu- 
clei, am ygdala, p e ria q u ed u c ta l gray, and  b ra in  stem  
n u cle i (locus ce ru Ịeu s, B a rrin g to n s  nucleus, dorsal 
m o to r  nuclcus o f th e  vagus, and  rostra l ven trai m e- 
d u lla ) , w h ich  form  th e  basis for vagal, parasym pathetic , 
and  sy m p a th e tỉc  v isceral efferent pathw ays. In  Fig. 2, a 
sim pliíìed  d ep ic tio n  o f the four p rinc ipa l o u tp u t func- 
tio n s  o f the  E M S -m ediated  stress response , “ascend ing

am inerg ic” refers to arousal, a tten tio n al, and  em o tio n a l 
feeling ou tpu t.

A lthough  the term s “em o tio n ” and  “íeeling” are 
com m only  used  in te rchangeab ly , they can be co ncep - 
tua lized  as d is tin c t d im en sio n s o f the stress response  
generated  by the EMS, p lay ing  a critica l ro le  in 
m a in tenance  of h ea lth  and  in  cognitive processes, in- 
clud ing  percep tio n , learn ing , an d  dec ision -m ak ing . 
E m otion  is a co llection  of encoded  stress responses trig- 
gered  írom  parts  o f the b ra in  to the  body  and  to  o th e r  
p a rts  o f the  b ra in  via b o th  n eu ra l and  h u m o ra l rou tes, 
resu lting  in  changes w ith in  th e  body  and  ce rta in  a reas o f 
the brain . E xam ples of em o tio n  inc lude fear, anger, 
d isgust, and  joy , each  w ith  u n iq u e  physio log ical and  
b ehav io ral expression . F eeling  is the  consc ious em o- 
t i o n a l  e x p e r i e n c e  o r  m e n t a l  S t a te  t h a t  c o m m o n l y ,  b u t  

n o t necessarily , accom pan ies a given em o tional stress 
response. F o r exam ple, the physio log ically  exp ressed  
em o tion  of fear w ith  associa ted  g u t sym ptom s o f  abdom - 
inal p a in  and  d ia rrh ea  m ay or m ay n o t be acco m p an ied  
by the em otional feeling o f anxiety .

THE M IND/BR AIN—G UT CO NN EC TIO N

The b id irec iio n a l neu rob io log ica l co m m u n ica tio n  of 
the m in d /b ra in —g u t co n n ec tio n  is critica l to u n d e r-  
sta n d in g  the expression  o f the em o tiona l s tress response  
in  t h e  g u t .  The C e n tr a l  s t r e s s  r e s p o n s e  a n d  a l l o s t a s i s  c a n  

be triggered  by b o th  ex terocep tive  and  in te rocep tive  
stressors. W ith  an  ap p ro x im ate  ex ternal su rĩace  area 
of 2 square  yards, the sk in  p a rtic ip a tes  w ith  th e  o th e r  
senses in  d e tec tio n  of ex terocep tive  stressors. T he gu t 
has an  even  larger in te rn a l su ríace  area, 5250 square

Environmeníal stressors 
(work, home, neighborhood)

Individual
differences

(genes, deveiopment, experience)

Major life events

Perceiveá stress 
■ ■ - (threat 'ề ị

Physiologic
responses

Tráuma, abtise

Behavioral 
responses 

(íight or ílight; 
personal behavìor —• diet, 
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Allostasis - Adaptation

A llostatic load

FIG U R E  1 The stress response and developm ent of allostatic load. The perception of stress is 
in flu en ced  by experiences, genetics, and behavior. W hen the brain perceives an experience as stressíul, 
p h y sio lo g ic  and behavioral responses are in itiated , leading to a llostasis and adaptation. O ver time, 
allostatic  load can accum ulate, and the overexposure to m ediators o f neural, en docrine, and im m une  
stress can  have adverse e ííects on  various organ system s, lead ing to d isease. R eprinted w ith  perm ission  
from M cE w en, B. s. (1 9 9 8 ). Protective and Damaging Effects o í Stress Mediators. N. Engi. J. Med. 338, 
1 7 1 -1 7 9 . Copyright 1998, Massachusetts Medical Society, all rights reserved.
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FIG U R E  2 Major outputs o f the emotional moior svstem. The 
em otion al m otor system  reiers to  a sct oí parallel output pathways 
that are activated in response to perceived threat or fear. Alter- 
ations in  these íour paihw ays have been đem onstraied in patients 
w ith  irritable bow el syndrom e. Rcprimed from Maycr, E. A. 
(1 9 9 9 ). Emerging Disease Model for FunctionaI Gastrointestinal Dis- 
orders. Am .J. Med. 107(5A ), 12S—19S. Copyright 1999, with permis- 
sion ííom  Excerpta Međica, Inc.

yards (the size of a íoo tba ll field), and deiects visceral 
in te rocep tive  stressors su c h  as in ílam m alion, in íection , 
b lo o d  loss, and  food in take.

T he b ra in  and  gu t b o th  derive [rom the n eu ra l crest 
of the  h u m a n  em bryo  and  share m any of the sam e neu- 
ro n s an d  ch em ical tran sm itte rs , such as sero ton in . The 
en teric  nervous system  (ENS) em bedded in the wall of 
the  g u t and  ex ten d in g  from  the esophagus to the anus is 
one o f th ree  su bd iv isions of the autonom ic nervous 
system  (ANS), toge ther w ilh  the sym pathetic and  para- 
sym pathe iic  d iv isions. A lthouglì hỉd irectionally  linkcd  
an d  in teg ra ted  w ith  the  CNS, thc ENS is an en teric  
m in ib ra in  located  close to  the gui cffector system s 
th a t it  C o n t r o ls ,  i.e., the m uscu la tu re , secretory  g lands, 
vascu la tu re , an d  m ucosal ep ithelium . Just as stereo- 
typ ical em o tiona l stress responses to th rea ten ing  
stresso rs  are en co d ed  w ith in  the EMS, the ENS sto res 
a lib ra ry  of p rogram s o f deíensive stress responses for 
d iffe ren t p a tte rn s  of g u t m o to r and  secrelory  behavior 
th a t can  e ith e r be activa ted  by stressors in te rp re ted  by 
the b ra in  o r  sensed  locally  w ith in  the gut. O ne exam ple 
is th e  “p o w er p ro p u ls io n ” (anal d irection) response de- 
s igned  as a p ro tec tive  p ro cess  to m ovc digestive con ten ts 
ou t o f the d igestive trac t (sym ptom s include d ia rrhea  
an d  abdom inal pain).

GUT EM OTION A N D  FEELING

Jo se p h  E. LeD oux and  E m eran  A. Maver em phasized  
th a t stresso r-triggered  an d  encoded  physiological em o- 
tiona l responses, su ch  as fear and  anger, are u n iq u e  and  
u su a lly  genera ted  unconsciously . For exam ple, tear is 
associa ted  w ith  in h ib itio n  of u p p er ^astro in testinal m o- 
tility  and  secretion , w h ich  can result in svm plom s of 
b loa ting , loss of appetite , nausea, and even vom iting. Bv

con trast, anger is associa ted  w ith  s tim u la tio n  of gastric 
co n trac tio n s and  acid secretion , w h ich  m ay be accom - 
panied  by svm ptom s of u p p e r  abdom inal pain.

Visceral afferent in ío rm a tio n  re la ted  to em otional 
gu t responses m odu la tes  b o th  em otional affective and 
cognitive- inen tal ĩunc tion . Language expressions such  
as umy stom ach is tied  in k n o ts” and  “1 hate  y o u r g u ts” 
im ply com m on u n d e rs ta n d in g  of the linkage betw een  
em otional ĩeelings, su c h  as anx ie ty  an d  anger, and  spe- 
ciíìc and  com m only  u n p leasan t visceral g u t experiences. 
F u rth e rm o re , the exp ression  “it’s m y g u t feeìing” im plies 
tha t visceral sensations relate to a p rera tio n a l in sigh t or 
“em otional im elligence,” a te rm  p o p u la riz e d b y p sy c h o l-  
ogist Daniel G olem an in h is b o o k  o f the sam e nam e.

ROLE OF ALLOSTATIC LOAD IN  
DISEASE AND ILLNESS

D ysregulation of the  C e n tr a l stress resp o n se  system  re- 
lated to allosta tic load  co n trib u tes  to the d ev e lopm en t of 
a varietỵ  of diseases an d  illnesses, in c ỉu d in g  hyperten - 
sion , a t h e r o s c l e r o s i s ,  C e n tr a l  o b e s i t y ,  d i a b e t e s ,  t h e  in -  

su lin  resistance synd rom e (m etabo lic  synd rom e x), and 
certain  d iso rders of im m u n e íu n c tio n . C h ron icalỉy  ele- 
vated co rticoste ro id  levels in d u ced  by  p ersis tin g  stress 
may adversely  affect h ip p o cam p a l s tru c tu re  and  func- 
tion , w h ich  can resu lt in  deíìc its  of b o th  m em ory  and 
cognition . G astro in testinal d iseases and  illnesses ad- 
vcrscly im pactcd  by allosta tic  load inc luđe  nonalcoho lic  
fatty liver disease (also associa ted  w ith  the  in su lin  re- 
sis lance sy n d ro m e), gastroesophageal reflux  disease 
(GERD), pep tic  u lc e r discase, in flam m ato ry  bow el dis- 
ease, and  íunc tiona l gas iro in tes tina l d iso rd ers  (FG ID ).

FUNCTIONAL MEDICAL SYMPTOMS 
AND SYNDROMES

F unctiona l illness is rela ted  to a lte red  physio log ical 
function , absence o f an iden tifiab le s tru c tu ra l o r  bio- 
chem ical cause, and  invo lvem ent of v irtually  any 
01'gan svstem  w ith a varie ty  of sy inp tom s (m ost co m m o n  
sym ptom s are pain , d isc o m ío n , d is tu rb e d  sleep , and  
loss of vitality). S uch  íu n c tio n a l sym ptom s are also 
called "m edically unexp lained  sy m p to m s / F ibrom yalgia 
(ch ron ic  and ree u rren t w idesp read  ach in g  pain  an d  fa- 
tigue) is one exam ple of a re la ted  íunc tiona l syn d ro m e 
ihal is a m edically  u n ex p la in ed  co llec tio n  o f sym ptom s. 
The m ost com m on  FG1D is irritab le  bow el sy n d ro m e 
(IBS), characterized  by ch ro n ic  and  rec u rren t abdom i- 
nal pain  an d /o r d isco m ío rt associa ted  w ith a lte red  
bow el íun c tio n  (co n stip a tio n , d ia rrh ea , or bo th ).

D ouglas A. D rossm an p io n cered  the ap p lica tio n  to 
the p aihophysio logy  of IBS a b iopsychosocia l m odel tha t



describes the in te rac tin g  ro le o f genetic , biological, 
psychosocia l, an d  cogn itive íactors. E x tend ing  the per- 
spcctive o f th is  system , E m eran  A. M ayer developed  a 
d isease m odel o f FGID ihat is also  based  on  Bruce s. 
M cE w erìs co n cep ts  of allostasis ancỉ a llosta tic  load. An 
en h a n ce d  responsiveness o f the Central stress/em o tion  
c ircu its  to  real o r  p e rce ived  ex terocep tive  o r in te r o  
cep tive stresso rs by IBS p a tien ts  is re ílec ted  in altered  
m o d u la tio n  o f g as tro in tes tin a l m otilitv , secre tion , per- 
m eability , an d  im m u n e íu n c tio n , an d  a lte red  percep tua l 
an d  em o tio n a l response to  v isceral events.

AFFECTIVE SYMPTOMS AN D  DISORDERS

T he concep ts o f allostasis an d  allostatic load  focus on the 
m in d /b ra in  as b o th  the in te rp re te r  an d  responder and the 
target of real o r perceived stressors/triggers. Em erging 
neurobio log ical m odels o f  the aclverse consequences of 
a l l o s t a t i c  load  and  the d y s r e g u ì a t e d  C e n tr a l s t r e s s  r e -  

sponse help  to exp lain  the com m on  associa tion  o f emo- 
lional ícelings an d  affective. d isorders, such  as anxiety  and 
depressiọn , w ith  the em otional g u t sym ptom s of FGID, 
su c h  as IBS. F u rth erm o re , research  coníìrm s tha t depres- 
sive illness and  hostilitv  are b o th  associated w ith 
card iovascu lar and  o th e r  sysiem ic diseases. Similar 
iherapeu tic  strategies m ay be applicable in the m anage- 
m en t oí b o th  affective d iso rders a n d  íunc tiona l d isorders 
and  eerta in  diseases.

M IN D -B O D Y  M EDICINE AND  
REDUCTIO N OF ALLOSTATIC LOAD

T here  is an  em erg ing  cơnvergence of anc ìen t, trad itional, 
an d  m o d e rn  sc ien tiíìc  a p p ro a ch es  to d isease, illness, and 
healing . T he neu rob io log ica l basis for m in d —body, 
com p lem en ta ry  an d  a lte rn a tiv e  m ed icine  (CA M ), and  
in teg rative  m ed ic in e  in terv .entions is becom ing  increas- 
ing ly  u n d e rs to o d . M in d —bodỵ  m ed icine , w h ich  reíers 
to th e  ap p lica tio n  o f m u ltid isc ip lin a ry  m e th o d s based 
on the in sep arab le  co n n e c tio n  b e tw een  the  m in d  and  
the body  an d  the co m p lica ted  in te rac tio n s th a t take 
p lace be tw een  th o u g h ts , body , an d  the o u ts id e  w orld , 
has the goal o f re s to rin g  ho m eo stasis  and  h ea lth  by en- 
h an c in g  the n a tu ra l hea lin g  capac ities co n íe rre d  by 
inna te  body  system s.

R esearch has con firm ed  th a t stress re d u c tio n  and  
ce rta in  n i in d - b o d y  cogn itive beh av io ra l in te rv en tio n s 
can sign ìfican tly  im prove h ea lth  ou tcom es an d  reduce 
thc need  for m o re  expensive  trea tm e n ts  in a varietv  of 
d iseases an d  illnesses. B ehavioral responses can  be 
h a rm íu l o r  he lp íu l (see Fig. 1). T he ob ịective is reduc- 
tio n  of a llosta tic  load  (Fig. 3). H elp íu l s tra teg ies inc lude

Trigger

(Stressor) Allostasis: The body’s
process for achieving 
balance

Bad Stress 
Response 

(Allostatic Load)

F IG U R E  3  D isturbed h om eostasỉs (im balance). Reprinted  
w iih  perm ission  from Salt II, w .  B. and N eim ark, N. F. (2 0 0 2 ). 
Irritable Bovvel Svndrome and ihc MindBodvSpirit Connectìon. Copv- 
right 200.2, Parkview Publishing, aỉl rights reserved.

con sis ten t co m m itm en t to hea lth y  liíestyle cho ices (e.g., 
cliet an d  exercise) an d  the dev e lo p m en t o f  effeclive cop- 
ing styles th a t in c o rp o ra te  positive  m en ta ì o u tlo o k  and  
avoidance o f b o th  h ig h -d em an d /lõ w -co n tro l s tresso rs  
and  social iso la tion . Ind iv id u a ls  can lea rn  to activate 
m echan ism s th a t opp o se  the s tress  response an d  in d u ce  
w hat H arvard s H erberi B enson  te rm s ulhe re lax a tio n  
response” Via various techniques (e.g., Progressive 
re laxation , hyp n o sis , m ed ita tio n , yoga, an d  b rea th in g  
exercises).

See A lso  th c  F o llo w in g  A r t ic le s

Brain—Gut A xis •  E nteric N ervou s System  •  Irritable Bowel 
Syndrom e •  N eu rogastroen tero logy  •  P sy ch o so c io lo g y  o f  
ĩrritable Bowel Syndrome
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Stress ulceration
R a j e e v  J a in

P resb y te r ía n  H o sp ita l o f  D allas

h is ta m in e -2  r e c e p to r  a n ta g o n is ts  P h a rm a co lo g ic  agen ts that 
in h ib it  acid  se c r e t io n  b y  a c tin g  as sp ec iR c a n ta g o n ists  o f  
the h is ta m in e -2  recep to r  o n  the p arieta l cell. 

m u c o sa l r e s t itu t io n  Early p h a se  o f  g a stro in testin a l m u co sa l 
repair whereby damaged cells slough off and are replaced 
by v ia b le  ce lls .

p r o to n  p u m p  in h ib ito r s  S u b stitu ted  b e n z im id a z o le s  th a t  
in h ìb it acid  se c r e ú o n  b y  b lo c k in g  the parietal ce ll H + , 
K+ -A T P ase.

sucralfate B asic a lu m in u m  sa lt  o f  su cr o se  ociasu lía te;  
p ro tec ts  m u c o sa l in teg r íty  lo ca lly  w ilh o u t  su b sta n tia lly  
a lter in g  gastric  pH .

Stress u lcer is a gaslric m ucosal in jury  typically seen in 
critically  ill patien ts w ho require m echanical ventila- 
tion  or have a coagulopathy. T hese u lcerations develop 
from  a m ultifactorial p rocess, w ith  the prim ary insult 
being gastric ischem ia. P aúen ts in  thc intensive care 
un it can experience signiíìcant b leed ing  that is associ- 
ated w ith  increased m ortality . Preventive strategies 
have focused on acid supp ress ion  and  local m ucosal 
p ro tection .

RISK FACTORS

P atien ts  ad m itted  to the  in tensive  care u n il (IC U ) are a 
h e te ro g en eo u s g roup  vvilh variable risk s for b leeding. 
T he tw o s tro n g est r isk  íac to rs  for stress u lcer b leed ing  
are resp ira to ry  failure req u ir in g  m echan ica l v en ú la tio n  
for g rea ter th an  48 h o u rs  an d  coagu lopa thy  (deíined  as 
p la te le t co u n t o f < 5 0 ,0 0 0  ce lls /m m 3 o r In terna tional 
N orm alized  Ratio o f > 1 .5 ) . O th er risk  factors inc lude 
p rev ious g as tro in tes tin a l b leed ing , h y p o tension , traum a, 
b u rn  in ju ry  (> 3 5 %  o f  b o d y  s u r ía c e ) ,  Central n e r v o u s  
system  in ju ry , renal ỉa ilu re, h ep a ú c  íailu re, o rgan  trans- 
p la n ta tio n , and  sepsis. Hovvever, m any of these risk 
factors m ay s im ply  re p re se n t su rro g a te  m arkers for m e- 
chan ical ven tila tion  a n d /o r  coagulopathv .

PATHOPHYSIOLOGY

A lth o u g h  incom ple te ly  u n d e rs to o d , the patho- 
physio logy  of stress u lc e r  fo rm ation  is the resu lt of a 
m ultifac to ria l process. T he p rox im al gastro in tesúnal

trac t m ain ta in s m ucosal in tegríty  w ith  a m icrocircula- 
tion  tha t provides n u tr ie n ts  and a rou te of elim ination  
for toxins. A dditionally , a m ucus layer p ro tec ts  the gas- 
tric  m ucosa by form ing a physical b a rrie r to acid and 
o th e r in tra lum ina l irritan ts.

The m ajo r physiologic derangem ent in  stress ulcer 
d ev e lopm en t is a loss o f m ucosal in tegrity . In ihe setting 
of severe physio log ic stress, hypoperfusion  leads to a 
cascade of evenls m ed ia ted  by the overp roduction  of 
n itric  oxide synthase. A reperĩu s ion  in ju ry  ensues in  
w h ich  increased  p ro d u c tio n  oi oxygen ỉree radicals, 
local in tram u ra l ac idosis caused  by back diffusion ol 
lum inal hydrogen  ions, an d  a loss o f w ashout effect 
com bine to d isru p t m ucosal integrity .

In in tracran ia l p rocesses, hypergastrinem ia may 
occu r an d  lead to o v e rp ro d u c tio n  of acid. O th er Caciors 
th a t m ay co n irib u te  to stress u lcer fo rm ation  include 
reduced  gastric  ep ithelial cell res titu tion , abnorm al 
gastric and sm all bow el m o tility , increascd  bilc rcílux, 
and  n u tritio n a l d istu rbances.

CLINICAL PRESENTATION  

Natural Histoty

The m ạjo rity  of stress u lcera tio n s are asym ptom atic 
an d  clin ically  insign iủcan t. In  endoscop ic  studies, m u- 
cosal irỳury  is found in  grea ter th a n  75% of critically ill 
pa tien ls w ith in  24 h o u rs  o f adm ission. The typical m u- 
cosal in ịu ry  seen is m u ltip le , diffuse, superíìcial 
erosions in  the gastric íu n d u s  and  body; how ever, 
focal, deep u lce ra tio n  can also be seen in  bo th  the stom - 
ach and  the duodenum .

In clin ical slud ies, the p resen ta tion  of stress u lcer 
b leed ing  has been categorized  as overt and clinically  
im p o rta n t b leeding. O vert b leed ing  is defined as 
hem atem esis, gross b lood  o r dark  m aterial resem bling 
coffee g ro u n d s  in  nasogasiric  aspirate , hem atochezia, or 
m elena. C linically  im p o rta n t b leed ing  is defined as overt 
b leed ing  com plicated  by any onc of the follow ing events 
w ith in  24 hours: (1) a spon taneous decrease in  systolic 
b lo o d  p ressu re  of > 2 0 m m H g , (2) an increase in  h ea rt 
rate  oi >  20 bea ts/m in , (3) a decrease of >  ] 0 m m H g of



systo lic blood pressure sho rtly  after s itting  up , (4) a 
decrease in hem oglobin  level o f > 2 g /d l ,  and  (5) 
b lood  Iransíusion w ith  no ap p ro p ria te  increase  in  he- 
m oglobin  level. In  ICU p a tien ts , the es tiina ted  incidence 
of overt b leed ing  is 5% an d  the inc idence o f clinically  
im p o rtan t b leed ìng  is 1 —4%.

In a m ulticen ter trial of critica lly  ill pa tien ts, 31% of 
p a tien ts  w ith one or two risk  factors (m echan ical ven- 
tila tion  an d /o r coagulopathy) h ad  clin ically  im p o rtan t 
b leed ing  w hereas only 0.1%  of p a tien ts  w ith o u t these 
risk  íacto rsb led . C linically im p o rtam  b leed in g  typically 
occu rs vvithin the first 2 w eeks o f ICU adm ission  w ith  a 
m orta litv  of nearly  50%, a fivefold increase from  those 
pa tien ts  who d id  no t experience b leeding.

Diagnosis

The diagnosis of stress u lcer b leed ing  is con íìrm ed  
by endoscopy vvhen the typical H ndtngs of e ither 
ero sions or u lc e r  are identiíìed .

THERAPY

lf u lceration  w ith  h igh-risk  stigm ata  (n o n b leed in g  
visible vessel o r active b leed ing) is found , endoscop ic  
in te rven tions su ch  as in ịe c tio n  o f ep in ep h rin e  an d /o r 
therm al therapy  can lead to hem ostasis  w ith  a reduced  
reb leed ing  rate. C o n cu rren t m edical therapy  w ith  
in travenous p ro to n  p u m p  in h ib ito r  (PPI) is also 
ind icated  in patien ts w ith  h igh -risk  stigm ata. O ccasion- 
ally, angiography  w ith  em bo lization  in to  the vessel ihat 
is the  source of the b leed ing  or su rg ery  is req u ired  to 
trea t b leeding re írac to ry  to m ed ica l and  endoscop ic  
therapy .

PREVENTION

Prophylax is against stress u lcer in  h ig h -risk  patien ts  
has becom e ihe Standard of care in the ICU. G astric 
pH -altering  regim ens such  as an tac id s, h istam ine-2  re- 
cep to r an tagon ists (H2RAs), an d  PPls m ay preven t 
stress u lcer b teed ing  by m a in ta in in g  in tragastric  pH  
> 4 , w hich inh ib its  p ep s in  an d  helps p rev en t clot 

d isso lu tíon .

Antacids

A ntacids con tro l in trag astric  pH  by bufferìng  
hydrogen  ions. In  a m eta-analysis, an tac id s in  com par- 
ison to placebo d ispỉayed a trend  tow ard  red u c in g  b o th  
overt and bleed ing  and clin ically  im p o rta n l bleeding. 
No change in m orta lity  was no ted . In com parison  
to H2RAs, an tac ids d isp layed  a tren d  tow ard  greater

bleeding. In  com parison  to sucralfate , an tac id s  w ere 
som ew hat m ore effective in  p rcv en tin g  h leed ing .

H2RAS

In  a m eta-analysis, in tra v en o u s  H2RAs (c im etid in e  
or ran itid in e ), in  co m p ariso n  to p lacebo , s ign iíìcan tly  
decreased  b o th  the ra te  of overt b leed ing  an d  clin ically  
im p o rta n t b leed ing . N o change in  m o rta lity  w as no ted . 
H2RAs d isp layed  a iren d  tow ard  dec reased  clin ically  
im p o rtan t b leed ing  in co m p ariso n  to b o th  an tac id s 
and sucralía te . In  a large, m u ltice n te r  tria l com p arin g  
ran itid in e  (50 m g in trav en o u sly  every 6 h o u rs )  versus 
sucra lía te  (1 g in trag astrica lly  every 6 h o u rs ) , clin ically  
im p o rta n t b leed ing  w as low er in  p a tien ts  receiv ing  
ran itid in e  in  co m p ariso n  to su c ra lía te  (1 .7  v e rsu s 3.8% , 
p =  0 .02). D uring  p ro lo n g ed  in tra v en o u s  H2RA 
therapy, the d ev e lo p m en t of to le rance  m ay lead  to a 
red u c tio n  in  acid su p p ress io n .

PPls

T hree sm all clin ical tria ls  have eva lua ted  the use 
of om eprazo le  su sp e n s io n  d e livered  via nasogastric  
tube in m echan ica lly  v en tila led  p a tien ts . Two tria ls 
used  om eprazo le  g ran u les  d isso lved  in so d iu m  b icar- 
bonate  and  one used  in tac t o m ep razo le  g ran u les  in  
w ater. In the study  co m p arin g  o m eprazo le  to ran itid in e , 
the p revalence o f c lin ically  itn p o rta ru  b leed in g  w as sig- 
n iiĩcan tly  less in the o m ep razo le  g ro u p  in  co m p ariso n  to 
ran itid in e  (6 versus 31% ). All th ree  s tu d ies  had m eth - 
odological lim ita tio n s su ch  as sm all sam p le  size, open- 
label design, and variance  in  stress u lcer r isk  factors, 
p ro m p ú n g  cau tio n  in  the in te rp re ta tio n  an d  ap p lica tio n  
of the s tu d y  results.

F rom  a p h an n a co lo g ic  s ta n d p o in t, in tra v en o u s  PPIs 
supp ress  gastric acid  to a g rea te r e x te n t th a n  do in tra - 
v enous H2RAs, an d  w ith o u t the  d ev e lo p m en t of to ler- 
ance. D ata are n o t yet available co m p arin g  in trav en o u s  
PPIs to H2RAs in  s tress  u lce r p rophy lax is.

S u c r a l ỉa te

Sucralfate, the basic a lu m in u m  sa lt o f sucrose  
octasu lĩa te , p ro tec ts  m ucosa l in teg rity  locally  w ith o u t 
su b stan tia lly  a ltering  gastric pH. In  a m eia-analysis, 
suc ra lía te  in  co m p ariso n  to p lacebo  d ecreased  overt 
b leed ing  s ign iíìcan tly  b u t d id  n o t red u ce  clin ically  im - 
p o rta n t b leed ing . S ucralía te  w as no t su p e rio r  to an tac id s 
o r H2RAs in p rev en tin g  overt o r đ in ic a lly  im p o rtan t 
b leed ing . S ucralĩate w as associa ted  w ith  a low er inci- 
dcnce of nosocom ia l p n e u m o n ia  in  co m p ariso n  to an t- 
acids an d  H2RAs.



Summary of Preventive Therapies

Based on the available data, stress u lcer p rophy lax is 
is w arra n te d  only in  h igh-risk  critica lly  ill palien ts  
su ch  as those req u irin g  m echanìcal v en tila tio n  or 
wit.h sign iiĩcan t coagulopathy, a lthough  it m ay be con- 
s ide red  in  patien ts  w íth  nu m ero u s o th er risk  factors. 
In tra v en o u s  H2RAs are the p referred  preventive stra t- 
egy in these h igh-risk  paúen ts , w ith  only 30 patien ts 
req u ir in g  iherapy  to p reven t one episode of clinically  
sign iíìcan t b leeding, a lthough  PPIs m ay also prove 
effective in future trials.

See Also the Follow ing Articles

A ntacids •  H 2-Receptor A ntagonists •  Prolon Pump Inhibi- 
tors •  S tress
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Submucosal Tumors of the 
Gastrointestinal Tract
T h o m a s  Sa v id e s  a n d  P a u l  K e pa l id e s  

University of CaỉịỊonũa, San Diegtì

carcinoids lndolent neuroendocrine tumors that originaie in 
the mucosa but grow deep inio ihe submucosa. 

du p lica tion  cysis Congenital intestinal duplications thai can 
be found in the vvalls of the esophagus, stomach, OT 
duodenum.

ga.stroin lestinal strom al cell tum ors Rare m esenchvm al 
neoplasms that can be found ihroughout the digestive 
tract.

granular cell tumors Generally benign growlhs ihat are 
derived froin smooth muscle or Schvvann cells. 

lipomas Rare benign tumors of adipocytes thai can occur 
throughout the gastroiniestinal tract from the esophagus 
to ihe rectum.

pancreatic resl Ectopic pancreaúc tissu e located in ihe wall 
o f  the  stom ach  or sm all in te sú n e .

submucosal tum or A growth of tissue in the imestinal wall 
that originates from ihe submucosa, from the muscularis 
propria, or from extrinsic compression bv adjacent 
struclures.

varices Abnormally svvollen or dilated blood vessels.

Subm ucosal lum ors (SMTs) are rare w ith a com bined 
incidence estim ated  al 0.3% annually . Hovvever, SMTs 
are an increasingly com m on íinding for general in tem is ls  
and gastroen tero log ists as m ore patien ts  undergo diag- 
nostic endoscopy or radiographic stud ies w ith  oral con- 
trast. M ost SMTs are asvm ptom atic, and for som e types, 
the natural h isto ry  is not well undcrstood . However, a few 
unique, som etim es subtle, characteristics can d istinguish



them  on  radiographs and video endoscopy. M oreover, the 
em ergence of endoscopic u ltrasound  (EUS) technology is 
allow ing a better understand ing  o f  SMTs and is m aking 
evaluation of SMTs m ore accurate. By dem onstrating  the 
exact size and po in t o f origin of a SMT, EUS helps to 
identify  patients w ho may have a m alignan t lesion and 
may requ ire surgery. For any given pa tien t w ith a SMT, 
the ideal approach  depends on its physical characteristics, 
its  histology, and the clinical se tting  in w hich it was di- 
agnosed. This article will describe how  SMTs initially 
p resen t and will sum m arize the d istingu ish ing  characte- 
ristics of the m ost com m on sub types o f SMTs. An ap- 
proach to tissue diagnosis, trea tm en t, and  follow-up íor 
each type o f SMT w ill be em phasized.

ID E N T IF IC A T IO N  A N D  P R E SE N T A T IO N

A subm ucosal tu m o r (SMT) is d e íìn ed  as a grow th  of 
tissue in ihe  in te s tin a l wall th a t o rig in a tes  í rom  the 
subm ucosa , from  the m u scu la ris  p ro p ria , o r  from  ex- 
trinsic  co m p ressio n  b y  ad jacen t s tru c tu re s  (see Table I). 
M ost SMTs are found  inc iden ta lly  o n  u p p e r endoscopy  
w here they  appear as a m ass or p ro je c tio n  in to  the gas- 
tro in te s tin a l lum en . Because they  are covered  hy norm al 
m ucosa, som e a u lh o rs  suggest th a t a b e tte r  nam e for 
SMTs w o u ld  be “su b ep ith e ỉia l tưm ors."

In  so tne cases, ad d itio n a l fea tu res can  be seen on  
endoscopy . S trom al cell tum ors, for exam ple , írequently  
shovv ivvo p ro m in e n i lobes on v ideo endoscopy . Lipo- 
m as are k n o w n  to have a w axy h u e  an d  are very soft and 
up illow -likc” w hen  exp lo red  w ith  an  en d o sco p ic  b iopsy 
íorceps.

SMTs may also be found  by c o n tra s t rad io g rap h y  or 
co m p u ted  to m ography  (CT) scan. w h e n  pa tien ts  un- 
dergo b arium  rad iog raphy , a SMT w ill cause a well-

TABLE I Com m on Subm ueosal L esions by Layer of 
Origin and O ther EUS Features

L esion Borders E chogenicity C on sisten cy

Subm ucosa Sm ooth M ay be separaied
Cyst A nechoic M ay be separated
Lipoma H yperechoic H om ogen eou s
C arcinoid H ypoechoic H eicrogeneous
Varices A nechoic

M uscularis Sm ooth , H ypoechoic H om ogen eou s
propria irregular sm all lesions,
GỈST h om ogeneous  

large lesions, 
m ay be 
h eterogeneous

Extrinsic Sm ooth Isoechoic H om ogen eou s
Splecn
Liver

dem arca ted  íilling deíect w ith  sm o o th  borders; the 
le sion  will d isp lace the m ucosal íolds. CT scans can 
sh o w  the in tram u ra l m ass of a SMT if the cu ts  are 
fìner than  the d iam eter of the mass. If a CT show s a 
h o m ogeneous fat-tissue density  s tru c tu re  in  the w all 
of the co lon , for exam ple , the d iagnosis of lipom a can  
be m ade w ith  confidence.

EV A L U A T IO N

A lthough SMTs m ay be in itially  iden tiíìed  by endo- 
scopy, rad iog raphs, or CT scan, endoscop ic  u ltra so u n d  
(EƯS) prov ides a m ore  com plete descrip tio n  by delin - 
ea ting  the o rig ina ling  wall laỵer in  the g as tro in tes tin a l 
trac t, iden tiỉy ing  vascu lar invasion, and  ch arac teriz in g  
the in te rnal m ilieu  of the tum or.

A radial u ltra so u n d  tran sd u cer ai the tip  o f an  en- 
doscope can d em o n stra te  five layers of the gastro in tes- 
tina l trac t a t 7.5 MHz: superíìc ia l m ucosa, deep  m ucosa, 
subm ucosa, m uscu la ris  p ro p ria , and  serosa. EUS can  
also im age ad jacen t organs su ch  as the p ancreas, 
liver, gallb ladder, sp leen , k idneys, and  ad ren al glands. 
By defìn ition , SMTs arise from  the subm ucosa  ( th ird  
layer) o r the m uscu la ris  p ro p ria  ( ĩo u rth  layer) o r  are 
ex tern a l to the gastro in testinaì (GI) tract. The co n ten ts  
o f  the SMT w ill also create  a ch arac teris tic  echo p a tte rn  
tha t is e ither b rig h t (hyperecho ic) o r d a rk  (hypoecho ic) 
and  e ither hom ogeneous o r h e tero g en eo u s in consis- 
lency. The b o rd ers  may be sm oo th  o r  irreg u la r on 
EUS. Eưs can v isualize SMTs sized from  5 to 60 m in. 
in  a series o f 15 resec ted  specim ens tha t w ere p reo p e r- 
atively evaluated  by EUS, 87% w ere co rrec tly  sized  by 
the techn ique . Some SMTs are m ore difficult to d iagnose 
accurate ly  by EUS. A study  of in te ro b serv er ag reem en t 
a m o n g n in e  ex p ert en d o so n o g rap h ers  show ed tha t m ost 
endoscop ists  agreed  on  thc u ltra so u n d  d iagnosis of 
cysts, lipom as, an d  ex trinsic  com pressions, b u t for 
carc ino ids, g ran u la r cell turnors, pancrea tic  rest tissue 
a n d  m etastases, the endoscop ists  tended  to disagree.

C O M M O N  SU B M U C O SA L  TU M O R S

T here  are m u ltip le  types of subm ucosal tum ors. T hey  
can  be classiíìed by the layer of o rig in  in  the gastro in - 
testina l w all and  íu r th e r  d iffe ren tia ted  based on h isto l- 
ogy and n a tu ra l h istory .

Lesions in the Submucosa  

Lipoma

Lipom as are rare ben ign  tum ors of ad ipocy tes that 
can  o ccu r th ro u g h o u t the GI trac t from  the esophagus to 
the rectum . They are m ost often found  in the co lon .



M osi do  n o t cause sym ptom s; how ever, w h en  they be- 
com e la rger than  1 cm , lipom as m ay cause abdom inal 
pain , o b stru c tio n , bleeding, o r dyspepsia.

O n video endoscopy , lipom as appear sp h erica l or 
ro u n d  and  m ay have a w axy hue ra th e r  than  the  p in k  of 
n o rm al m ucosa. W hen  b iopsy  forceps are placed 
th ro u g h  the endoscope, lipom as show  the  “ten ting” 
and  “cu sh io n ” signs. T enting  refers to the m ucosa 
being  easily pu lled  off the lesion. W ith  the cush ion  
sign, p u sh in g  the ío rceps in to  the lesion  causes a 
p illow -like dep ression  in  the lesion.

S uperíìc ial b iopsies of lipom as will show  only  the 
n o rm al overly ing m ucosa. M ultiple b iopsies in the sam e 
location  or a biopsy th a t íollovvs e lec tro cau tery  th rough  
ihe m ucosa can docum en t the charac teris tic  adipose 
tissue. Because lipom as co n ta in  a generous am o u n t of 
fat, ihey  m ay also be d iagnosed  by  CT scan.

EUS im ages of lipom as show  hom ogeneous, 
h y p erecho ic , and  w ell-dem arcated  lesions th a t are 
íully  co n ta in ed  in  the subm ucosa (see Fig. 1). W hen  
the EUS im ages are pathognom on ic , the d iagnosis is 
secure  an d  fine-needle asp ira tion  (FN A ) is n o t requ ired . 
F o llow -up  endoscopy , how ever, m ay be co n sid ered  at 
2- to 4 -year intervals to con lìrm  th a t the lesion  is not 
g row ing  rapidly.

Carcinoid Tumor

C arc ino id s are in d o len t n eu ro en đ o crin e  tum ors 
th a t o rig ina te  in the m ucosa b u t grow  deep  in to  the

F IG U R E  1 EUS ímage of duodenal lip om a showing 
h yp erechoic lesion  in subm ucọsa with intact overly ing superíìcial 
and deep  m ucosal layers.

subm ucosa. The estim ated  inc idence is 1 to 2 per 
100,000 in  the U nited  States. T hey may p ro d u ce  a num - 
ber of vasoactive substances an d  n eu ro tran sm itte rs , 
such  as h istam ine, som atosta tin , and  catecholam ines. 
An earlier em bryologic classiíìcation  schem e tha t orga- 
n ized  carcino ids as ío regu t, m idgu t, or h in d g u t has given 
way to a system  tha t em phasizes the o rgan  invo lved  and 
the p resence of n u clea r atypia, m itoses, an d  necrosis.

In the U nited  States, the ap p en d ix  is the m ost com - 
m on  site for carcino ids . In th is location , tum ors are 
usually  found inc iden ta lly  at the  tim e o f appendectom y 
as ihey  rarely  p ro d u ce  sym ptom s. C arc ino ids in the 
sm all bow el, ap p en d ix , and  righ i co lon  may m etastasize 
to ihe liver. w h e n  these m etastases severely  in ju re the 
liver, p a tien ts  may experience  the conste lla tion  of ílush- 
ing, asthm a, and  d ia rrh ea  tha t is charac teris tic  of carci- 
no id  syndrom e. In  a large database review , tu m o rs in the 
d isial tw o-th irds o f ihe colon rarely  p ro d u ce d  system ic 
sym ptom s bu t w ere m ost lìkely  to p resen t w ith  b leeding. 
G astric ca rc ino ids are o íten  m u lticen tric  an d  arise in 
se ttings of hypergastrinem ia such as Zollinger-E llison 
synd rom e or a tro p h ic  gaslriús. G astric ca rc ino ids also 
occur sporadically . In the stom ach , ca rc in o id s may 
cause ílu sh ing  w ith o u l the o th e r e lem ents o f the carci- 
no id  syndrom e.

w h e n  viewed endoscop ically , ca rc in o id s usually  ap- 
p ear as a sm oo th , yellow ish m ass som etim es w ith  an 
um bilica ied  u lceration . H istologic d iagnosis can be 
m ade w ú h  m ucosal biopsy. EUS can be used  to evaluatc 
the c ritica l features o f size, d ep th  of invasion , and  lym ph 
node m etastases. Typically, ca rc ino ids appear 
hypoecho ic and  hom ogeneous and  are loca ted  in the 
subm ucosa.

T um ors \vith d im ensions grea ter than  2 cm  or pen- 
e tra lio n  of the m uscu laris p ro p ria  are associa ted  w ith  
increased  m elasta iic  risk. T rea tm en t req u ires  surgical 
excision . For tum ors in ihe co lon  and  sm all bovvel, the 
resection  m u st inc lude w ide m argins w ith  regional 
lym ph  n ode  dissection . A ppendiceal ca rc in o id s tha t 
are less than  2 cm  can be m anaged  m ore conserva- 
tively. Because these sm all append icea l tu m o rs  are un- 
likely 10  recu r locally  a íter resection , local excision  is 
sufficient. For lesions grea ter than  2 c m , o n e-th ird  of 
p a tien ts  w ill have nodal or reg ional m etaslases at the 
tim e of d iagnosis and  right hem ico lec tom y sh o u ld  be 
considered .

Sm all gastric carc ino ids th a t arise in the se tting  of 
pern ic io u s anem ia and  ch ro n ic  a iro p h ic  gastritis  are 
generallv  in d o len t lesions. As few er than  10% m etasta-
size, ihese carcino ids m ay also  be m anaged  w ith  local 
excision . E ndoscopic rem oval of gastric ca rc in o id s  is 
becom ing  m ore coram on. If the excision  is com plele 
based on  fo llow -up video endoscopy  an d  EUS, then



p erio d ic  endoscop ic  su rveillance is reco m m en d ed  at 
] - to 2-year in tervals.

A 30-year revievv o f ind iv iduals d iagnosed  w ith  
ca rc in o id  tu m o rs at one cen le r show ed that p a tie n t 
o u tco m e is in ílu en ced  by age, stage at d iagnosis, an d  
u r in a ry  level of 5 -hyd roxy inđo leace tic  acid. B ecause 
m any p ancrea tic  and  sm all bow el ca rcino id s are m eta- 
sta tic  a t the tim e o f d iagnosis, they tend  to have the w o rs t 
overall ou tcom es w ith  a 5-year survival o f app ro x i- 
m ately  50% com pared  to 8 0 —85%  íor ap p en d icea l 
and  rec ta l carcino ids.

Pancreatic Rest

P ancrcatic  rest is ec top ic  p ancrea tic  tissue located in 
the  w all of the stom ach  o r  sm all ìn testine . P ancreatic  
rests are th o u g h t to develop  early in em bryogenesis 
beío re  the íusion  o f ihe dorsal an d  ven tra l p an c rea tic  
anlage tissue. The es tim ated  prevalence at au topsy  is 
1 — 2% b u t they are seen  in  few er than  1 in 1000 en d o - 
scopies. M ost gastric lesions are  seen w ith in  6 cm  of the 
py lo rus. The typical en d o sco p ic  im age of an u m bilica ted  
n o d u le  is nonspeciíìc . Eưs show s a h e te ro g en eo u s 
hyp erech o ic  lesion  in the  subm ucosa. An echo-free 
ducta l reg ion  in the  basal aspect of ihe lesion  is ch ar- 
ac teris tic  of ec top ic  pancreas. G enerally , p an c rea tic  
rcsts a re  asym ptom atic  b u t there  are rare repo rts  o f 
o b s tru c tio n , p an crea titis , an d  developm ent of pancre- 
atic neoplasm.

Varices

C ollateral vessels in the  s tom ach , esophagus, sm all 
bow el, and colon lo rm  as a consequence of p o rta l 
hyperiension . T hey are seen  in  ap p rox im ate ly  60%  of 
d ecom pensa ted  c irrh o tic s  an d  30% of co m p en sa ted  
c irrh o tic s  at the tim e of p resen ta tio n . E ndoscopically , 
varices p resen t as p ro tu b e ra n t co lum ns in the esopha- 
gus an d  are easy to d iagnose visually. In the stom ach , 
how ever, gastric varices m ay be m istaken  for p ro m in e n t 
folds in the gastric íu n d u s. Eưs can be h e lp íu l by p ro - 
v id ing  charac teris tic  im ages of echo-free intrairrura] an d  
ex tram ura l vessels w ith  visible b lood  flow. V arices m ay  
be seen in the m ucosa, sub m u co sa , o r m uscle layer o r 
may be para-esophageal o r para-gastric.

D u p lic a tio n  Cyst

D u plica tion  cysts are congen ita l in te stin a ì du p lica- 
tions th a t can be found  in  the w alls o f the esophagus, 
s tom ach , or d u o d en u m . Because they  do n o t com m u- 
n icate  w ith  the lu m en  a n d  can  co n ta in  actively secre tin g  
glands, they can enlarge an d  p ro d u ce  sym ptom s o r be- 
com e com plex cystic m asses as secretions b u ild  up. In

general, they are asym ptom atic  and benign. EUS dem - 
on stra tes  a sm oo th -bo rdered , subm ucosal lesion th a t is 
anechoic. EU S-guided FNA of d u p lica tio n  cysts is usu - 
ally n o t recom m ended  ou t of co ncern  for in tro d u c in g  
infection .

Granular Cell Tumor

G ran u la r cell tum ors are generally  ben ign  g row ths 
that are derived  from  sm ooth  m uscle o r  S chw ann  cells. 
O nly  1% in v o lv e  the gastrointestinal trac t, in  w h ìch  case 
they are found  m ost com m only  in  the esophagus. T hey 
m ay also be found in  the anal canal, w here  they  can  be 
con íused  w ith  hem orrho id s. T hey appear as po lypo id  
grow ths on  en d o sco p y  and require d eep  m u co sa l b iop sy  
for diagnosis. EUS im ages usually  show  a h y p oecho ic  
m ass ih a t occup ies the deep m ucosal layer o r subm u- 
cosa. H istologically , they consist of m asses o f cells that 
appear like h istiocy tes w ith  a g ranu la r, eosinoph ilic  cy- 
toplasm . A lthough  the p robab ility  of m alignan t trans- 
form ation  is low , endoscop ic or surgical rese c tio n  is 
advisable especially  if serial exam ina tions d em o n stra te  
in terval changes in size or invasiveness. M etastatases 
appear rarely. A lthough  researchers have re p o rte d  a 
case o f m u ltip le  esophageal and  gastric g ran u la r  cell 
tum ors w iih  nuclea r íeatures of m alignancy , ihe p a tien t 
was cu red  by  local resection .

M uscularis Propria Lesions

Stromal Ceỉỉ Tumor

G astro in testinal strom al cell tum ors  (GISTs) are 
rare m esenchym al neoplasm s th a t can be ĩo u n d  
th ro u g h o u t the digestive tract (Fig. 2). T he v a s tm a jo rity  
(90%) o rig inate in the s tom ach  and  sm all in te s tin e  and  
10—30% m ay be m alignan l w ith  in tra -ab d o m in a ỉ me- 
tastases. F o rm erly  classiíìed as le iom yom as an d  
leiom yosarcom as, GIST is the new  unify ing  n om encla - 
tu re for all gastro in testinal m esenchym al tu m o rs  w ith  
un ique  genetic and  histochem ical features. GIST de- 
scribes m ost of w hat w ere form erly  considered  
leiom yom as and  leiom yosarcom as.

GISTs are th o u g h t to arise from  a stem  cell w ith  
m u ltip o ten t d iííe ren tia tion . M any G lSTs show  differen- 
tia tion  tow ard the pacem aker cells of the gastro in tes ti- 
nal tract, the in te rstitia l cells of Cajal. O th ers  exh ib it 
features seen  in  sm oo th  m uscle an d  n eu ra l tissues. 
H istologically , G lSTs show  sp ind le  cells g row ing  in  fasi- 
cles or sheets o f ep ithelio id -type cells. GISTs are h igh ly  
vascular an d  frequently  p resen t w ith  gas tro in tes tina l 
hem orrhage .

O n EUS, strom al cell tum ors are hyp o ech o ic  and 
arise from  the m uscu laris p ro p ria  or m u scu la ris



FIG URE 2  EUS im age o f  G1ST in  gastric wall show ing hctero- 
gen eou s, hyp oech oic lesion  involving m uscularis propria.

m ucosa. T he m ost reliab le m elhod  for d e te rm in in g  m a- 
lignancy o f  a GIST is im m unoh istochem ica l and genetic 
analysis o f the specim en  by surgical pathology. G lSTs 
are classiíìed  as having  low , high, o r inde term ina te  
m alig n an t po ten tia l based on  the presence of several 
c rite ria  tha t can be d e term in ed  by EUS an d  surgical 
patho logy . Size g rea ter than  3 cm , a high m ito tic  
co u n t per h igh-pow ered  íìeld (H PF), the presence o f 
tu m o r necrosis, n u c lea r p leom orph ism , dense cellu lar- 
ity, an  alveo lar or c lu ste red  cell pa tte rn , and m icro- 
scopic invasion  of the lam ina p ro p ria  or b lood  vessels 
are p red ic to rs  of high m aligaan t po ten tia l (Table II). 
F in d in g  any two of these features suggests th a t a s trom al 
tu m o r has h igh m alignan t po ten tia l. A strom al tu m o r 
w ith  on ly  one of these tra its  is considered  a tu m o r w ith

TABLE 11 S u b m u co sa l T um ors: P red ictors  
o f  M a lig n a n cy

EUS H istologic

Irregular m argins > 5 0  m itoses per HPF
Size > 3  cm Tum or necrosis

Nuclcar p leom orphism
Dense cellularity
Alveolar or clustered cell pattern
M icroscopic invasion of the lam ina

propria or blood vessels

C yslic spaces M issense m utation o f c-kit genc

L ym phadenopathy

u n ce rta in  m alignant po ten tia l. If these criteria  are ab- 
sen t, the tu m o r is benign. H isiopatho logy  is the gold 
Standard for de term in ing  m alignan t poten tia l. As a part 
of th is process, the resu lts  o f 50 H PFs are tabu lated . FNA 
cytology provides insu ĩíìc ien t m ateria l to definitively 
de term ine  m alignant po ten tia l.

T he m issense m u ta tio n  of the  c -k it gene, w hich 
codes for a growth factor receptor with tyrosine kinase 
activity , has recen tly  been id e n ú íìe d  as a m olecu lar bi- 
ologic m ark er for increased  rec u rren c e  of G lSTs and 
h igher m ortality . Assays for c-k it an d  C D 34 p erío rm ed  
on fine-needle asp ira tes may im prove  the diagnostie 
yield o f FNA in se ttings w here  m alignant GIST is 
suspected . Research is also ongo ing  to delineaie the 
sensitiv ity  of EUS criteria  alone in the evaluation  of 
strom al tum ors. In one series o f 56 GISTs stud ied  by 
EUS, the presence of [wo ou t of th ree  characteristics—  
irregu lar ex tra lum enal m argins, cystic  spaces, and m a- 
lignan t-appearing  ly m p h ad en o p a th y — had a positive 
p red ic live  value o f 100% lor m alíg n an t o r b o rderline  
m alignan t histology. O ther resea rch e rs  stud ied  the 
D opp ler characteristic  of GISTs an d  rep o rted  ihat 
tu rb u len t, pu lsan le  flow was h igh ly  sensitive for malig- 
nancy (100% ).

T rue leiom yom as are now  th o u g h t to be rare in  the 
GI tract, o ccu rring  m ost o íten  in  th e  esophagus o r gas- 
tric cardia. They are com posed  o f  sp ind le  cells b u t are 
less cellu lar than GISTs and im m unoh istochem ica lly  
they differ by no t expressing  C D 34 or CD 117 (c-kit).

S uspected  strom al cell tum ors that are sym ptom atic  
an d  associated  w ith  b leeding, o b stru c tio n , o r  pain 
shou ld  be rem oved. A dditionally , GISTs tha t are greater 
than  3 cm or increasing  in  size w h en  seen in fo llow -up 
shou ld  be rem oved  surgically  to p revent m etastatases. 
L aparoscopic resection  of G lSTs has been described. 
A llhough m etastatic  GISTs are g enerally  h ighly  resis tan t 
to chem otherapy , the new  ty rosine  k inase inh ib ito r 
ST1571 has been rep o rted  to be highly active against 
GIST in a patien t w ith  m etastatic  disease.

Extrinsic C om pression

A n u m b er of ad jacen t s tru c tu re s  can p ro d u ce  ex trin - 
sic com pression  on  the gastro in testinal tract an d  appear 
as subm ucosal lesions on v ideo endoscopy . A djacent 
o rgans su ch  as the spleen as w ell as lym ph  nodes, 
and pancreatic  pseudocysts  sh o u ld  be considered  in 
the differential. EUS can  be h e lp íu l in these situations. 
If a lesion is ex tra lum enal, show s no re la tionsh ip  w ith 
layers of the gastro in testinal trac t, and m oves ìndepen- 
dentlv  of the m ucosa w ith the p a t ie n ts  resp ira tions, 
then  the m ass is m osi likely ex tern a l to the gastro in tes- 
tinal tract.



TABLE III Subm ucosal Tum ors: Indications for 
Resection

Size > 3  cm
Symptoms: pain, b lecd in g , or ơbstruction  
Interval cnlargem cnt 
Cysúc spaces 
Lym phadcnopathv

BIOPSY AND REMOVAL

Follow ing ch a rac te riza tio n  o f an SMT by EUS, consid- 
era tion  shou ld  be given to period ic surveillance, biopsy, 
o r excision. T here  are  several m e th o d s  For b iopsy  of 
SMTs. U tiliz ing  the deep-w ell b iopsy  techn ique  is one 
option  w hereby  repeated  p inch  b iopsies of ihe sam e 
poin t denude the m ucosa and yield subm ucosal iissue. 
A lternatively, the top  la y e ro fm u co sa  can  be rem oved  by 
snare e lec trocau tery  and  the subm ucosa  can then  be 
sam pled. EUS and  FNA of subm ucosal tum ors can 
help de term inc  tissue type bu t may n o t be able to dem - 
onstrate  m alignancy .

Most au th o rs  reco m m en d  surg ical or endoscopic 
excision if lesions are g rea ter ihan  3 cm  in d iam eter 
or if they are p ro d u c in g  sym ptom s (see Table III). An 
SMT that is show n  by EUS to arise from  the deep  m ucosa 
can be rem oved  saíelv by convenùonal endoscop ic  poly- 
pectom y tech n iq u es. Saline in jec tion  may (acilitate 
snare po lvpectom y.

In one case series, researchers used EUS lo iden tiíy  
the wall layer o f o rig in  and 10 exc lude characteristics 
susp icious (or m alignancy  in  54 SMTs. E ndoscopic re- 
section was th e n  p e río rm ed  for all m asses arising  in 
subm ucosa o r m u scu la ris  m ucosa. M uscularis p rop ria  
lesions u n d e rw en t m ucosec tom y  follow ed by deep bi- 
opsy. Tvvo of the 54 p a tien ts  had  b iopsies shovving m a- 
lignancy. A lthough  th is  p ro ced u re  w as safe and  led to no 
períơ rations, the resu lts  suggest that EUS criteria  alone 
may not iden tify  all m alignan t lesions tha t requ ire  sur- 
gical rem oval.

CONCLUSION
In conclusion , gas troen te ro log is ts  an d  in te rn is ts  m ay
consider the en doscop íc  and EUS characteristics of 
SMTs in o rd er to m ake a p resu m p tiv e  d iagnosis of 
the lesiotVs h isto logy  and  p red ic t its behavior. W ith  
this in fo rm ation , a strategy  for surg ical or endoscopic 
rcm oval o r su rveillance can  be p lanned . AU lesions w ith 
ĩeatures that suggest m alignancy  sh o u ld  be rem oved. 
A dditionally , anv  SMT tha t is large, increasing  in size, 
or associated  w ith  sym ptom s sh o u ld  be considered  
for rem oval. F o rtu n a te ly , m ost SMTs are ben ign. As

im aging and h istopatho log ic  techn iques im prove , 
there  m ay be enhanced , noninvasive app roaches íor 
ihe d iagnosis and  trea tm en t of SMTs.

S ee  A lso  th e  F o llo w in g  A r t ic le s

Barium Radiography •  C om puted T om ography (C T ) •  En- 
doscopic ultrasonography
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c a p sa ic in  N atura l ingreclient o f  h o t p ep p ers o f  the g en u s  
C a p sicu m , the p u n g en t in g red ien t o f  m an y  “h o i” and  
sp ic y  fo o d s . A su b ty p e  o f  prim ary a ỉíeren t n eu ro n s is  
se n s it iv e  to  capsa ic in ; at lo w  d o se s , c a p sa ic in  st im u la tes  
ih e se  n eu ro n s and  is  to x ic  to  the n eu ro n s a l h ig h  d o ses  
or after p ro lo n g ed  treatm ent. 

chemical coding Particular combination of neurotransmit- 
ters, neuropeptides, and other neuronal chemical 
markers characteristic of a pardcular class of neuron. 

d o r sa l ro o t  g an g lia  S eries o f  paired  n eural g an g lia  ad jacen t to 
the spinal cord; contain the neuronal cell bodies of 
capsaicin-sensitive primary aíTerent nerves as well as 
o ih e r  afferent n erves. 

e n te r ic  n e r v o u s  sy s te m  N e u r o n s and  su p p o rtin g  c e lls  íouncl 
w ilh ìn  ih e  w a lls o f  the gastro in testin a l tract, in c ln d in g  
the pancreas and gallbladder. 

m y e n te r ic  p le x u s  (A u erb a ch ’s p le x u s )  N etw o rk  o f  n erves  
and sm all ganglia  that lie  in the p lan e b e tw e e n  the 
ex tern a l lo n g itu d in a l an d  in n er  circu lar layers o f  sm o o th  
m u sc le  in the m u scu laris ex tern a  o f  the in te sú n e .  

su b m n c o u s  p le x u s  (M e issn e r  s  p le x u s )  N etvvork  o í  sm all 
gan g lia  and n erves lo ca ted  in  the su b m u c o sa  o f  the  
in te stín e .

ta c h y k in in s  F am ily  o f  n eu ro p ep tid es sh a r in g  the sam e  
carb oxy l-term in a l a m in o  acid  se q u e n c e  c o m p r is in g  the

m o lecu la r  cen ter  o f  b io lo g ica l a c tiv ity  o f  each  p ep tid e  (F- 
x -G -L -M -am id e). T h e m a m m a lia n  ta eh y k in in s in c lu d e  
su b sta n ce  p , n e u r o k in in  A, n e u r o p e p tid e  K, n eu ro p ep -  
tide 7 , and n e u r o p e p lid e  B.

Substance p, a peptide com posed of 11 am ino acids, is 
expressed by neurons in the Central, peripheral, and en- 
teric nervous systcm s. Substance p  is a m ajor neuro lrans- 
m itter in  tbe gastro in testinal tract; it affects m otility , 
secretion, and inílam m ation and can cause vom iting by 
an action in the Central nervous system . Most actìons of 
substance p are m ediated  by the neurokinin-1 receptor, 
thus excellent receptor antagonists have been developed 
to aid in  d iíĩeren tiation  of physiological versus pharm a- 
cological actions o f substance p. T hese receptor antago- 
n ists may also prove to bc of therapeu tic  value in treating  
substance P-associated inílam m atory bow el d isease, acute 
in testinal inílam m ation, and chem otherapy-induced nau- 
sea and vomiting.

INTRODUCTION

The 11 am ino  acids of the p ep tid e  substance p (SP) are 
arranged  in  the sequence R PK PQ Q FFG LM -am ide.



S ubstance p is a m em b er of the ta ch y k in in  fam ily of m am - 
m alian  n eu ro p ep tid es . O th e r  m am m alian  tachyk in in s 
in c lu d e  n eu ro k in in  A (NK A ), the N K A -related pep tid es  
n eu ro p e p ú d e  K (N PK ) an d  n eu ro p e p tid e  Ỵ (N Py), and 
n e u ro k in in  B (NKB). S ubstance p  got its u n u su a l nam e 
from  its d iscoverers, w ho iden tiíìed  an  in te stin e-co n tr-  
ac ting  activ ity  extractecl from  eq u in e  in testine  (it was 
then  called  p rep a ra tio n  p ). T he tach y k in in s  are nam ed 
for th e ir  rap id  ab ility  to ac t o n  gu t tissues, co m p ared  to 
the slow er ac ting  b rad y k in in s . Substance p is encoded  
by  the p rep ro tac h y k in in  I (PPT I) gene. F o u r m RNAs, 
term ecl OÍ-PPT I, P-PPT T, y-PPT I, an d  Õ-PPT I, can  be 
g enera ted  from  the gene ío r PPT I by  a lternative  mRNA 
splicing . T he a-P P T  1 ancỉ S-PPT I m RNAs encode only 
SP w hereas the Ị3-PPT I an d  Ỵ-PPT I m RNA s encode 
b o th  SP an d  NKA. P recu rso r p ro te in s  are syn thesized  
from  all íou r mRNAs and  su b se q u en t p o s ttran s laù o n a l 
P rocessing  genera tes  the tach y k in in  pep tides . p-PPT I 
an d  y-PPT 1 p ro te in s  are su b jec t to  m u ltip le  p ro teo ly tic  
cleavages, resu ỉtin g  in  the g en e ra tio n  of NPK and  NPy, 
respectively , as w ell as SP and  NKA. NKB is encoded  
by  the PPT II gene, w h ich  does n o t encode any o th e r 
tachyk in in s. T h u s, a lth o u g h  the genom e co n ta in s  only  
one gene for SP, the m RNA  iran sc rib ed  from  the gene 
and  th e  p re c u rso r  p ro te in s  transla ted  from  th e  mRNAs 
can be p rocessed  in  m u ltip le  w ays to  resu lt in  the ex- 
p ression  o f vario u s coTĩìbinations of SP, NKA, NPK, and 
N Py in nerves.

In  the g as tro in te s tin a l trac t o f  th e  rat, the on ly  spe- 
cies in w hich  PPT I has b een  exam ined  in  detail, y-PPT I 
mRNA com prises  8 0 —90%  of the to tal tachyk in in  RNA 
and  p-PPT I mRNA a n d  a-P P T  I mRNA ac co u n t for 
10—20% an d  less th an  1%, respectively . T hus, al.1 m em - 
bers of th e  tach y k in in  íam ily  of n eu ro p e p tid es  except 
NKB are p ro b ab ly  exp ressed  in  the gut. T h ree  recep to rs 
c o rre sp o n d  to th e  th ree  m ạịo r m am m alian  tachyk in ins. 
All th ree  tach y k in in  rec ep to rs  are G -p ro te in -co u p led  
recep to rs. E ach rec ep to r  exh ib its  its  h ighest affinity 
bíncìing to a d iffe ren t tachyk in in : SP has h ig h est affìnity 
for the n eu ro k in in -1  (N K -1) rec ep to r , NKA has h ighest 
affinity  for the n e u ro k in in -2  (N K -2) recep to r, an d  NKB 
has h ighest affìnity for the n eu ro k in in -3  (N K -3) recep- 
tor. H ow ever, all th ree  rec ep to rs  can  in te rac t w ith  all 
th ree  m am m alian  tach y k in in s  pharm aco log ica lly  an d  it 
is possib le  tha t they  do so physio log ically  as well. Sub- 
stance p has b een  sh o w n  to s tim u la te  several second- 
m essenger system s co u p led  to the  NK-1 recep to r, i.e., 
inosito l 1 ,4 ,5 -trisp h o sp h a te , ca lc ium , cyclic adenosine  
m o n o p h o sp h a te  (cA M P), m itogen -ac tiva ted  p ro te in  
(M AP) k inase, an d  a ra ch id o n ic  acid.

Substance p w as o rig ina lly  d iscovered  in  ex tracts  of 
gas tro in tes tin a l tissue an d  w as sh o w n  to co n trac t gas- 
tro in te s tin a l m uscle in  1931. S tudies of the ro le  of SP in

regu la ting  the gastro in testinal tract have co n tin u ed  un- 
aba ted  since the 1930s and  are still co n trib u tin g  insigh ts 
into the natu re  of SP. Becaưse of its p o ten tia l im p o rtan ce  
in  u n d e rs ta n d in g  the m echan ism s o f no rm al physio logy  
and  serv ing  as the basis for po ten tia l new  th e rap ies  for 
various diseases, SP is one of the best s tu d ied  n eu ro p e p - 
tides. In ad d itio n  to d eta iled  know ledge o f the m o lecu la r 
bio logy of the  pep tid e  and  its recep to r, g rea t s tr id es  have 
been  m ade in u n d e rs ta n d in g  the pharm aco logy  of SP, 
in c lu d in g  the đeve lopm en t of m u ltip le  selective ago- 
n ists  and  an tagon is ts  for the NK-1 recep to r. In  the 
gut, SP is a n  im p o rta n t n eu ro tran sm itte r  b o th  in  en teric  
n eu ro n s (those in trin sic  to the gut) an d  in ex trin sic  
p rim ary  afferent nerves (the cell bod ies of w h ich  are 
located  ad jacen t to the sp inal co rd  in  the  dorsal roo t 
ganglia). V arious speciBc stim uli cause the release o f  SP 
and  it has a p red o m in an tly  exc ita to ry  action  o n  gu t 
nerve, m uscle, an d  glands.

G A ST R O IN T E ST IN A L  M OTILITY

The m uscỉe layers o f the gu t (m uscu laris  ex tern a  and  
m uscu laris  m ucosae) are innerva ted  by a dense array  of 
S P-conta in ing  ncrve fibers, m ost of w hich  o rig ina te  
from  the en teric  nervous system . T he n eu rona l cell 
bodies in the en te ric  nervous system  are in the 
m yen teric  p lexus (M P), locatecl betw een  the in n e r  cir- 
cu lar and  the  o u te r long itu d in a l layers o ísm o o th  m uscle 
of the m uscu laris  ex terna, and  the subm ucosa l p lexus 
(SM P), located in  the subm ucosa. The S P-expressing  
en teric  n eu ro n s  have been  m apped  in  detail in  the 
guinea pig in testine  such  th a t the ir p ro jec tio n s w ith in  
and betw een  the nerve p lexuses and  to the m uscle  layers 
and m ucosa are w ell established. A lthough  the n eu ro - 
ana tom y o f gas tro in tes tin a l s?  is n o t as w ell k n o w n  in  
species o th e r  th an  the gu inea pig, there  do n o t ap p ear 
to be m ajo r íun c tio n a l differences am ong  m am m alian  
species. The physio logical íu n c tio n s of n eu ro n s  
d epend  on  th e ir  chem ical cod ing  (the co m b in a tio n  o f 
n eu ro tran sm itte rs , n eu ro p ep tid es , an d  o th e r  n eu ro n a l 
chem ical m ark ers  characteristic  of a p a rticu la r n e u ro n ) 
and  m orpho log ica l characteristics, and  s tu d ies  o f these 
features of en teric  SP n eu ro n s  have revealed  ro les as 
sensorv  n eu ro n s, in te rn eu ro n s , ancl m o to r neu ro n s. Al- 
m ost all M P and  SMP SP neu ro n s in th e  gu inea p ig  
in testine  coexp ress acety lcholine (A C h) w hereas the 
ex trinsic  S P-expressing  n eu ro n s coexpress ca lc ito n in  
gene-re la ted  pep tid e  (CGRP) and  are sensitive to cap- 
saicin, the p u n g e n t in g red ien t of h o t peppers. E n te ric  SP 
n eu ro n s are n o t sensitive to capsaicin. T hus, it  is pos- 
sible to d e term in e  the in trin sic  versus ex trinsic  sou rce  of 
SP in the g u t by ad m in iste rin g  capsaicin , w hich  acts as



an  ex c ito to x in  by fìrst selectivelv s tim u la tin g  and then , 
at h igher doses o r longer tim es, defunctionaliz ing  ex- 
trin sic  p rim ary  afferent, b u t n o t in trin sic , en teric  
n eu rons.

V arious stim uli, in c lu d in g  electrical depo lariza tion , 
d is ten sio n  o f the gut w all, in tra lu m in a l acid in  the stom - 
ach, in flam m ation , various n eu ro tran sm itte rs  and  hor- 
m ones, an d  capsaicin , can elicit SP release in  the gut. 
T ach y k ìn in s  enhance m o to r activ ity  in  v irtually  all re- 
gions an d  layers of the m am m alian  gut. Som etim es this 
ac tion  is a d irec t one on m uscle, b u t in  o ther cases, 
it re ílects ac tiva tion  of en teric  n eu ro n s tha t stim ulate 
the  m uscle by release of ACh. A íu rih e r com plication  
arises w hen  it is rem em bered  that nerves thai express 
the PPT I gene p ro d u c ts  m osl often corelease NKA an d / 
o r the NK A-like pep tides  NPK or NPy along w ith  SP. 
F u rth e rm o re , NK-1 recep to rs  are expressed  by bo th  
nerves an d  m uscle cells w hereas NK-2 recep to rs  are 
m ostly  lim ited  to sm ooth  m uscle cells. As a final com - 
p lica tio n , even though  m ost Lachykinin ac tions ơn 
gu t m o tility  are stim u la lo ry , they can also inh ib it gui 
m uscle by s tim u la tin g  inh ib ito ry  neu ra l pathw ays or by 
in te r ru p ú n g  stim u la to ry  pathw ays. M osl of ihe stim u- 
la tory  ac ú o n s  of SP a n d  NKA on gastro in tesúnal m otil- 
ity, especially  in the case of peristalsis, are in  synergism  
w ith  A Ch, w ith  w hich  they are coreleased  from  en teric  
n eu ro n s.

In s tu d ies  of the hum an  esophagus in vitro, 
ta ch y k in in s  s tim ula te  co n trac tio n  of the low er esopha- 
geal sp h in c te r  (LES) an d  esophageal body via NK-2 
recep to rs. In anim al stud ies, tachyk in ins íacilũaie swal- 
low ing  o f ílu ids and increase LES pressure. In som e 
species, SP causes on ly  a transien t LES con traction  
th a t is follow ed by a p ro longed  re laxation  m ediated  
by NK-1 receptors. It is n o t know n  if SP plays a 
m ajo r phvsio logical ro le  in  norm al h u m an  esophageal 
íu n c tio n .

M ost o f the in ío rm atio n  available ab o u t the effects ot' 
SP on gastric m otility  com es irom  anim al studies. In the 
ra t, irý ec tio n  of SP can  e ith e r  s tim ula te  o r in h ib it gastric 
em p ty in g  an d  transit of a liquid  m eal, dep en d in g  on 
w h e th e r  parasym pathetic  o r syrnpathetic reílexes are 
s im u ltan eo u sly  activated. In the cat and dog, system ic 
ad m in is tra tio n  of SP induces phasic  co n trac tio n  of the 
s to m ach  via ACh release. Overall, SP is p rim arily  
s tìm u la to ry  to gastric m otility.

In  the hum an  sm all in tesíine and  colon, NK-1 re- 
cep to rs  are expressed by sm ooth  m uscle cells in the 
m u scu la ris  ex terna and  m uscu laris m ucosae and  on 
n e u ro n s  in  the MP, and  NK-2 recep to rs are expressed 
by srao o th  m uscle b u t no t bv en teric  neurons. This 
d is tr ib u tio n  correla tes well w ith  the observations that 
NKA d irec tly  stim u la tes h u m an  in testinal m uscle

con trac tion  an d  thai the effects of SP seem  to occur 
ind irectly  via nerves. In testinal peristalsis is a form  of 
in teg rated  p ropu lsive  m o tility  resu lting  from  the se- 
quen tia l ac tiva tion  o f ascend ing  excitatory  an d  descend- 
ing in h ib ito ry  reAexes in itia ted  by local s tre tch  of the 
in testinal w all, and  resu ltin g  in p ro p u lsio n  o f the con- 
ten ts of the in testin e  aborally. Because local stretch  of 
the in testinal w all is the m ajor stim u lus for peristalsis, 
the role of tachyk in in s  in the ascending  con trac tion  and 
descend ing  re laxation  of in testinal c ircu lar m uscle in 
response to stre lch  o r rad ia l d istension  of the gut wall 
has been ex am in ed  in detail. The p eris ta ltic  reílex is 
com plex , consisting  of d istension -sensiúve en teric  sen- 
sory nerves, in te rn eu ro n s , orally p ro jec tin g  excita tory  
m o to r n eu ro n s  to cause ascend ing  co n irac tio n , and  
aborally  p ro jec tíng  in h ib ito ry  m o to r n eu ro n s 10 cause 
descend ing  relaxation . A variety of experim en tal ap- 
proaches, in c lu d in g  the adm in is tra tion  of tachyk in in  
recep to r an tagon ists , SP d esensitiza tion , and  SP 
im m u n o n eu tra liza tio n , have been used to dem o n sira te  
Lhat SP and  ACh are involved in the ascend ing  reílex 
co n trac tio n  caused  by gut w all d istension  an d  tha t the 
descend ing  re lax a tio n  is in d ep en d en t of tachykin ins.

A dditional analyses w ith an tagon ists  selective for 
the NK-1 o r NK-2 recep to rs have. revealed thai 
NK-2 recep to rs  p rim ariiy  m ediaie  ascend ing  reílex  
co n trac tio n  in the gu inea pig in iestine , a lth o u g h  
som e invo lvem ent o f NK-1 recep to rs is also evident. 
It has also been  d em o n stra ted  tha t s ire ich -in d u ceđ  as- 
cend ing  co n trac tio n , bu t n o l descend ing  re laxation , of 
the hu m an  je ju n u m  and  ra t colon is assoeiateđ  w ith  
release of en d o g en o u s SP and  NKA. The concep t tha t 
tachyk in ins are involved  in  ihe regu la tion  of gastro- 
ín lesúnal p ropu lsive  m otility  in vivo  is su p p o rted  by 
the in h ib itio n  of gastric em pty ing  and  gas tro in tes tinal 
transit in rats after ad m in is traú o n  of a tachyk in in  
recep to r an tagon isi.

Substance p co n trac ts  the h u m an  gaìlb ladder by a 
d irec t effect on  srnooth  m uscle cells, b u i the physio log- 
ical sign iíicance o f th is effect is n o t know n.

G A ST R O IN T E ST IN A L  SEC R E TIO N

T here is a large body  of evidence that SP pariic ipa tes , 
aìong vvith scveral o th e r sialogogic m essengers, in the 
parasym pathetic  reg u laú o n  o f salivary secretion . In  rats, 
release of SP (and  NKA) (rom  the paro tid  g lands is in- 
creased after nerve s tim ula tion . In  add itio n , the tissue 
co n ten t of SP is g rea tly  reduced  after p ro longed  stim u- 
lation  of the p arasym patheúc  b u t n o t sym pathe tic  
nerves su pp ly ing  the salivary glands. Salivation, 
w h ich  also decreases after p ro lo n g ed  nerve s tim u la tion , 
is resto red  by in íu s io n  of su b th resh o ld  doses of SP.



T achyk in in  recep to r an tagonists red u ce  salivary o u tp u t 
to parasym pathetic  nerve s tim u la tio n  in  the rat. The 
sa liva tion  evokccl by sym pathe tic  nerve s tim u la tio n  in 
th e  ra t is not affected by tach y k in in  recep to r antago- 
n ists. The stim ư la to ry  cffect o f SP o n  sa liva tion  in  rats 
ancì o th e r species is p o ten tia ted  by  the  co re leased  neu- 
ro p ep tid e  vasoactive in testinal p o ly p ep tid e  (VIP). lt is 
lik e ly  tha t SP is a physio logically  im p o rta n t reg u la to r of 
sa liva tion  in an im als and  people.

In conirast, ihe w eak  and  variab le effects of SP on 
gastric  secretion  suggest that the p ep tid e  d o es not play a 
m ạ jo r ro le  in regu la ting  gastric secretion . T he cu rren tly  
available evidence sư pports  on ly  a p o ten tia l m od u la to ry  
in tlu en ce  of SP on  the secreto ry  functions o f  the stom - 
ach. In add iiio n , there appear to be m ạ jo r species 
d ifferences in ihe effects of SP on gasiric  secretion . 
F o r exam ple, SP does no t affect basal gastric  acid secre- 
tio n  in  rats o r  dogs b u t SP does s tim u la te  gastric  acid 
secrction  in cats. S im ilar differences have been  n o ted  in 
the effects of s p  on s tim u la ted  gastric ac id  secre tio n . The 
ac tions of SP on  gastric acid secre tion  arc so d ivergent 
tha t the on ly  conclusion  possib le is th a t its effects de- 
p en d  on th e  species stud ied , the  ex p e riin en ta l condi- 
tions used, and the particu la r s tim u lu s  u sed  to s tim ula te  
secretion . A good  way to test the hy p o th esis  iha t SP plays 
a physio logical ro le in regulating  gastric  acid  secretion  
woulcl be to test the  eiĩects of NK-1 rec ep to r an tagon is ts , 
bu l th is  d oes n o t appcar to  have been  done  yet. Based on 
the ev idence th a i SP LS a po ten t pepsigogue in  dogs and 
gu inea pigs, it is possible tha t SP is a physio logically  
s ign iíican t regu la to r of pepsinogen  secre tion . Pepsino- 
gen  is the  inactive p recu rso r o f th e  p ro leo ly tic  enzym e, 
p epsin , in  the stom ach . P epsinogen  is sccre ted  by  gastric 
ch ie í cells, w h ich  have been show n  to express NK-1 
recep to rs , and  is converted  to p ep s in  in  the gastric 
lum en  by  gastric  acid.

T h erc  is s tro n g  evidence tha t SP is an  im p o rtan t 
s tim u la n t of secretion  in  the sm all in testin e  and 
colon. System ic adm in istra tion  of SP in d u ces a n e t se- 
c re tio n  of w ater, sod ium , po tassium , an d  ch lo ride  
in to  the sm all in testine of dogs, cats, a n d  íe rrets. 
SP stim u la tes  an  en teric  neura l reflex  th a t resu lts  in  
the ac tiva tion  o f  secretom otor VIP n eu ro n s . A com po- 
n e n t o f the SP eííect can  also be ac co u n ted  for by a d irec t 
effect of SP on  the m ucosal ep ith e liu m . SP s tim ula tes 
sec re tio n  by increasing  the sh o rt c ircu it c u r re n t (Isc), an  
index  of elec trogen ic an ion  secretion . T he in c reased  ỉsc 
is accom pan ied  by a net secre tion  o f so d iu m , ch lo ride , 
and  b icarbonate . The relative degree to w h ich  th e  SP 
effect is m ed iated  by nerves versus d irec t effects on  the 
m ucosal ep ithelium  varies w ith  the type of tachyk in in  
agon ist u se d  an d  the region of in te s tin e  s tud ied . In the 
po rcine  and  gu inea pig sm all in testines, b o th  the n eu ra l

and  ep ithelia l responses are m ed iated  by NK-1 recep- 
tors. The s itu a tio n  may be d ifferen t in o th e r species. 
H ow ever, the invo lvem ent of NK-1 recep to rs is consis- 
ten t w ith  the observa tion  tha t sec re to m o to r n e u ro n s  in 
bo th  the MP and  SMP express NK-1 recep to rs. The 
s tim u lan t ac tion  of SP on  Isc in  the sm all in te s tin e  
req u ires  ca lc ium  in ílux  in to  the tissue because it is in- 
h ib ited  by rem oval o í ex trace llu la r calc ium  o r by  pre- 
trea tm e n t w ith  verapam iỉ, a ca lc ium  ch an n e l-b lo ck in g  
drug. The sod iu in /p o tassiu m /ch lo rid e  c o tra n sp o rt 
m echan ism  has also been  d em o n stra ted  to be im p o rta n t 
in SP-evoked srim u la tion  of Isc.

In  the  ra t colon, SP converts  íluicl ab so rp tio n  .into 
net ílu id  secretion . The secreto ry  responses to NK-1 
and  NK-2 recep io r agonists are supp resseđ  by  te tro - 
d o to x in  (TTX ), an  in h ib ito r  of neural tran sm issio n , 
and b lockade of n itr ic  ox ide (N O ) synthesis. T hese 
S nd ings have led to the p roposal iha t SP evokes se- 
c re tion  in  the rat co lon  by a sequen tia l ac tiv a tio n  of 
NK-1 and  NK-2 recep to rs  and  the íb rm ation  o f N O  in 
a com plex  en teric  neura l reílex. The ĩsc response  in 
the m ucosa o f the gu inea pig co lon  is m ed iated  by 
NK-1 recep tors. T he p rom inence  o f NK-1 recep to r 
ac tions d ifferen tia tes the gu inea pig co lon  from  the 
rat co lon , in w hich  all th ree  tach y k in in  recep to rs  act 
to increase  ỉsc.

T hese observa tions and  o th e rs  have given rise to 
the  co n cep t th a t s tim u la iio n  of MP and SMP n e u ro n s  
tha t in n e rv a te  the m ucosa of the gu inea p ig  sm all 
in testine  releases SP and  N KA w ith in  the en teric  ganglia, 
ac tiva ting  V lP -m ediated  secre to m o to r pathvvays, an d  
vvithin the m ucosa, s tim u la tin g  ep ithelia l cell se c re tio n  
d irectly . T his conc lu sion  is su p p o rted  by ex p e rim en ts  
show ing  tha t SP desensitiza tion , SP im m u n o n eu tra l-  
ization , an d  NK-1 recep to r an tagon ists  in h ib it the in - 
crease in  Isc caused  by electrical íìeld s tim u la tio n  o f the 
gu inea pig sm all in testinal and  co lonic m ucosae. T h u s, it 
is c lear tha t SP Ìnũuences the  secreto ry  activ ity  o f  the 
sm all in te stin e  and  colon by sw itch ing  ĩu n c tio n  from  n e t 
ab so rp tio n  to net secre tion  of fluid and  electro ly tes. As 
d iscussed  below , the re  is also inc reasing  evidence th a t 
S P-stim ulated  in testin a l secre tio n  m ay play a ro le in  
various in testinal in ílam m ato ry  diseases.

S ubstance p has also b een  d em o n stra ted  to red u ce  
basal an d  h o rm o n e-stim u la ted  b ile o u tp u t an d  to in - 
crease digestive enzym e secre tion  from  the exocrine  
p ancreas, b u t the  physio log ical sign iíìcance of these  ac- 
tions is unknow n .

IN T E ST IN A L  IN FL A M M A T IO N

O ne o f the sou rces of SP in  the  gastro in testinal trac t is 
p rim ary  afferen t n eu ro n s , w h ich  have cell bodies in  the



dorsal ro o t ganglia (DRG) ad ịacen t to the spinal cord . A 
subse t of these sensory  n eu ro n s express SP as w ell as 
o th e r n eu ro tran sm itte rs  (such  as CGRP) and  are sensi- 
tive to the  exc ito tox in , capsaicin . M any observations in 
rec en t years have su p p o rted  the concep t tha t these ex- 
trin sic  sensory  n eu ro n s  expressing  SP are involved  in 
b o th  conveying  nocicep tive in ío rm ation  to the sp inal 
cord  an d  in  regu la ting  the in ílam m ato ry  and im m une 
responses in  the periphera l tissues they innerva te , in- 
c lu d in g  the  gut. T hus, SP released by ex trinsic  sensory  
n eu ro n s  in  response to periphera l tissue dam age m ay 
signal p a in  in the sp inal cord  (eventually  resu ltin g  in 
pain  p e rc ep tio n  cen trally ) and  may also partic ipa te  in 
regu la ting  in ílam m ation , im m une responses, and , u lti- 
m ately, w o u n d  healing  in  the affected periphera l tissue. 
In ih is set of responses, the sam e system  (p rim ary  af- 
feren t n eu ro n s)  that innervates the en tire  body  (excep t 
the b ra in ) is also involved  in  sensing  tissue dam age 
(u sing  the pain  response to avoid ỉu rth e r  dam age) 
and  in  in itiaú n g  repair responses such  as in fiam m ation  
and  w o u n d  healing. In  th is scenario , acu te in ílam m ation  
is adap tive because it is an  in itial step  in  w ound  healing. 
H ow ever, in  suscep tib le  ind iv iduals, the in nam m ation  
m ay becom e ch ron ic , íb r un k n o w n  reasons, resu lting  in 
d eb ilita tin g  ch ron ic  in flam m atory  bow el diseases 
(IBDs) su ch  as C ro h n ’s disease (CD) and  u lcerative co- 
litis (U C ) in  the gastro in testinal tract. In add ition , som e 
acu te  in ílam m ato ry  co n d itio n s in  the gut, such  as 
p se u d o m em b ran o u s colitis, append ic itis, and  cholecys- 
titis, o ften  requ ire  m ed ica l in te rv en tio n  because o f the 
in ten s ity  o f the in ílam m ation .

A nim al stud ies  support the conc lu sion  tha t SP re- 
leased from  DRG fibers innerva ting  the in testin a l m u- 
cosa plays a sign iíĩcan t role in  in testinal in ílam m ation . 
In  rats, NK-1 recep to r an tagon ists have been  show n  to 
in h ib it in testinal in flam m ation  in b o th  acu te  and  
ch ro n ic  in ílam m ation  m odels. P re trea tm en t w ith  neu- 
ro tox ic  doses of capsaicin  lo elim inate SP-expressing 
p rím ary  senso ry  afferent n eu ro n s  also inh ib its  acu te 
in testin a l in ílam m ation  in the ra t in testine; acu te treat- 
m en t w ith  excita tory  in tra lum ina l doses of capsaicin  
elicits innam m ation . In  add ition , ta rge ted  dele tion  of 
the gene encod ing  the NK-1 recep to r in  m ice also 
stro n g ly  in h ib its  acu te  in testinal in ílam m ation . These 
observa tions have given rise to the concep t that 
in flam m atory  agents in the gut som ehow  activate cap- 
sa ic in -sensitive  p rim ary  sensorv  nerves in  the m ucosa, 
re su ltin g  in  local SP release tha t subseq u en tly  is 
invo lved  in  s tim u la tìng  an  in ílam m atory  cascade. Sub- 
stance p  is well know n  to cause activation  of im m une 
system  cells, to increase perm eab ility  o f the vascu lar 
en d o th e liu m  (resu lting  in plasm a ex ư av asa tio n ), and 
to s tim u la te  leukocyte chem otaxis.

A lthough  it is n o t kn o w n  if SP is involved in acute or 
ch ro n ic  gas tro in tes tina l in ílam m ation  in  hum ans, indi- 
rec t evidence ex ists su p p o rtin g  th is  concept. Tissue 
levels of SP have been  show n to be b o th  h igher and 
low er than  n o rm al in  uc and  CD. T hese d iscrepancies 
m ay reílect tissue sam pling  in d iffe ren t phases of the 
d isease p rocess o r o th e r  factors. In  add itio n , changes in 
tachyk in in  recep to r b in d in g  in u c  an d  CD have been 
exam ined  in  detail. E xam ination  o f several neu ro trans- 
m itte r  and h o rm o n e  recep to rs has revealed  tha t only 
NK-1 rec ep to r b in d in g  is sign iíìcan tly  affected in surgi- 
cally  resected  specim ens of ĨBD ússue . In  tissue from 
b o th  u c  an d  CD patien ts , NK-1 recep to r b ind ing  is 
d ram atically  increased. T he in c reased  NK-1 recep tor 
b in d in g  o ccu rs  in  arte rio lar e n d o th e liu m  and  in 
lym ph  nodu les, sites of activation  o f inflam m atory 
an d  im rnune responses. N eu ro k in in -2  recep to r b ind ing  
is n o t d ifferen t in  norm al con tro l v ersus IBD tissue, and 
NK-3 recep to rs  are n o l detected  in  the hu m an  intestine.

To assess w h e th e r  the increased  NK-1 recep to r bind- 
ing  is res tric ted  to ch ro n ic  gut in ílam m ato ry  conditions, 
ap p en d ix  tissue from  patien ts w ith  append ic itis , nega- 
tive ap p en d ic itis  (in  w hìch the p a iie n t p resen ls  w ith  the 
sym ptom s of append ic itis  b u t p a th o lo g ica l analysis in- 
d icates the surgically  resected tissue is norm al), and 
norm al Controls were analyzed as representative of 
acu te  gu t in ílam m ation . In norm al app en d ix , sim ilar 
to n o rm al co lon , low  levels of NK-1 recep to r b ind ing  
are  observed  in  the c ircu lar layer of sm o o th  m uscle of 
the  m u scu la ris  externa. In the in ílam ed  append icitis 
tissue, add itìona l NK-1 rec ep to r b in d in g  sites are 
ev id en t in sm all arte rio les  and lym ph  nodu les in  the 
app en d ix . In teresting ly , the nega tive  append ix  tissue 
also show s add itiona l NK-1 b in d in g  sites associated 
w ith  b lood  vessels and lym ph nodu les, suggesting  
th a t increased  NK-1 reccp to r b in d in g  occurs p rio r to 
the in íĩltra tio n  of m o n o n u c lea r in flam m atory  cells char- 
ac teris tic  of the in ílam ed append ix . W h e th e r  SP and 
NK-1 recep to rs  in itia te  the in ílam m ato ry  changes in 
IBD and  ap p en d ic itis  as they do in  an im al m odels of 
ch ro n ic  an d  acu te in testina l in ílam m atio n  is unknow n, 
b u t the data from  the negative ap p e n d ic itis  cases suggest 
th a t NK-1 recep to rs  may indeed  m ediate  the plasm a 
ex trav asa tio n  and  in fìltration  of m o n o n u c lea r inílam - 
m a to ry  cells observed in ihese diseases.

C H E M O T H E R A PY -IN D U C E D  N A U SE A  
A N D  V O M IT IN G

C ancer p a tien ts  trea ted  w ith  ch em o th e ra p eu tic  agents 
o ften  suffer from  acu te  and /o r delayed  nausea and vom- 
iting  (em esis) caused  by the ch em o th e rap y  drug. The



co rn e rs to n e  of c u rre n t an tiem etic  the rapy  consists  of 
tre a tm e n t w ith  a se ro to n in  (5 -h y d ro x y try p tam in e ; 
5-H T) type 3 re c e p to r  (5 -H T 3) an tagon is t. The com bi- 
n a tio n  of a 5-H T3 an tag o n is l an d  a corticosteroicl such  
as d ex a m e th aso n c  is th c  S tandard  o f care for cancer 
p a tien ts  receiv ing  m o d era te  to in tense  ch em otherapy . 
T hese  agen ts ap p e a r  to ex ert th e ir  an tiem etic  ac tions at 
p e rip h e ra l sites in  the body. w h e n  th is  trea tm e n t is 
o p ũ m iz ed , a m ajo rity  o f can ce r p a tien ts  receiv ing  che- 
m o th e rap y  ex p e rien ce  n o  em esis d u r in g  the ir treat- 
m ent. Hovvever, in co m p le te ly  co n tro lled  nausea  an d  
vom iting  is a signiíìcanL p ro b lem  for a m ino rity  of pa- 
tien ts , sụ  ch  as those u n d erg o in g  h ig h -d o se  ch em o th e r- 
apy  reg im ens an d  those d ev e lo p in g  em esis m ore  than  24 
h o u rs  after ch e m o th e ra p v  (delayed  em esis). In these 
pa tien ts , 8 0 —95%  suffer from  nausea an d  v o m iting  in  
the 7 davs fo llow ing the s ta rt o f ch em o th e rap y  d esp ite  
the use o f Standard an tiem etic  trea tm cn t.

It is c lea r th a t m orc  effective an tiem etic  trea tm en ts  
are needed . In an im al s tu d ies  c o n d u c te d  in  the m id- 
1990s, it w as íouncl th a t in jec tio n  of SP in d u ces em esis 
and  th a t trea tm e n t w ith  NK-1 re c e p to r  an tag o n is ts  in- 
h ib its  em esis. In fact, co m p ared  to 5-H T 3 recep to r an- 
tagon ists, NK-1 rec ep to r  a n tag o n is ts  in h ib ited  a m uch  
b ro ad e r sp e c tru m  o f em etic  s tim u li, inclucling m or- 
ph in e , ap o m o rp h in e , n ico tin e , co p p e r su lía te , ipecac, 
rad ia tio n , cy c lo p h o sp h am id e , c isp la tin , m o tion , and  
anesthesia . T he NK-1 re c e p to r  a n tag o n is ts  also  differed  
from  thc se ro to n in  rec ep to r  an tag o n is ts  in  th e ir  site  of 
ac tion  by ac ting  in  th e  Central n erv o u s  system , p resu m - 
ably to an tagon ize  the ac tio n s o f en d o g en o u sly  released  
SP. A n o th er advan tage o f NK-1 rec ep to r  an tag o n is ts  
over se ro to n in  re c e p to r  an tag o n is ts  re la tes to the activ- 
ity o f  these agen ts in  acu te  versus  delayed  em esis. T he 
p rim ary  activ ity  o f the se ro to n in  rec ep to r  an tag o n is ts  
has been  observed  on  acu te  em esis in an im als  an d  h u - 
m ans, w ith  little  effect o n  c isp la tin -in d u ce d  delayed 
em esis. In co n tra s t, NK-1 rec ep to r  an tag o n is ts  ex h ib it 
ac tiv ity  in b o th  acu te  an d  delayeđ  em esis.

In early  clin ical tria ls, NK-1 rec ep to r  an tag o n is ts  
p ro v ed  to be safe an d  effective in  p rev en tin g  acu te  
c isp la tin - in d u ce d  nausea  and  vom iting , a lth o u g h  
w hen  u sed  a lone they  m ay be no  m ore active th an  
the 5-H T3 rec ep to r  an tagon is ts . W h e n  an  NK-1 rec ep to r  
an tag o n is t is co m b in ed  w ith  a 5-H T 3 re c e p to r  an tago- 
n is t and  d ex am eth aso n e , co n trơ l o f acu te  c isp la tin - 
in d u c ed  em esis is im p ro v ed  by  2 0 —30% over th a t 
o b ta in ed  w ith  th e  co m b in a tio n  o f  a 5-H T3 rec ep to r  an- 
tagon ist an d  d ex am eth aso n e  w ith o u t the  NK-1 recep to r 
an tagon ist. M ost signi& cantly, co m p le te  co n tro l o f cis- 
p la tin -in d u ce d  de layed  em esis is b e tte r  by 3 0 —40%  
w hen  using  the trip le  d ru g  co m b in a tio n  co m p ared  to 
placebo.

ỉt is c lear tha t add itiona l clin ical tria ls are necessarv  
to d e tern iin e  the po ten tia l value o f NK-1 recep to r an- 
tagonists in trea ting  chcm o th erap y -in d u ccd  nausea and  
vom iting . The early  findings are very p rom ising  and  it is 
likely tha t NK-1 recep to r an tagon ist therapy  in  som e 
form  will íìnd  a p lace in the fu ture trea tm en t o f these 
cond itions.

SUM M ARY

The k now n physiological ac tions o f SP in  the gu t in c lu d e  
a ro lc in perista ls is  in  the sm all in testine  and  co lon  and  
the s tim u la tio n  of salivation. A lthough less w ell s tu d ied , 
SP m ay also prove to be im p o rtan t in esophageal m o- 
tility, pepsinogen  secretion , gaỉlb ladder co n trac tio n , in- 
testinal secretion , b ile o u tp u t, and  pancreatic  secre tion , 
bu t the physiological signiRcance of thesc ac tions has 
yet to be determ ineđ .
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Swallowing
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cricopharyngeous Striated m uscle attached to the posterior 
aspect o f  the lamina o f the cricoid cartilage; it íorm s the 
m ajor com ponent of the uppcr esophageal sphincier. 

pharyngeal sw allow  Reílexive sw allow s independent of 
volitional control largely responsible for clearance of 
residual gastric reOuxate and svvallovved contenls.

Swallowing, or deglutition, is a highly coordinated activ- 
ity that results in the transport of food and secretions from 
the oral cavity into the stomach via the esophagus. Since 
the respiratory and digestive tracts cross in the pharynx, 
the deglutitive sequence includes mechanisms that pre- 
vent aspiration of swallowed contents into the airway. As 
a result, with swallowing, respiration is suspended and a 
coníbrmational change occurs in the structure of the oro- 
pharynx from a primarily respiratory pathway to a diges- 
tive pathway. An intricate network o f neuromuscular 
signals Controls the complex deglutitive process.

INTRODUCTION

In itia tio n  o f a sw allow  m ay be vo litional or reílexive. 
O nce in itia ted , how ever, every sw allow  leads to a pre- 
d ic tab le , invo lun tary  sequence o f even ts d u rin g  w hich  
the  b o lu s clears the pharynx  and  is tran sp o rted  to ihe 
s to m ach . O n  average, an ind iv idual sw allow s once p er 
m in u te , u sua lly  to clear secretions, and  approx im ate ly  
1000  tim es p e r day, not inc lu d in g  sw allow s w ith  m eals. 
S ince the en tire  o ropharyngeal co m p o n en t of the swal- 
low ing  p rocess takes less than  a coup le  of seconds, eval- 
u a tin g  th is sequence has in the past been  difficult. W ith  
the recen t adven t of new er im aging technologies, a 
g rea te r u n d ers ta n d in g  of this com plex  process is 
be in g  ob ta ined . N orm al d eg lu tition  is com posed  of 
fo u r phases: the p repara to ry  phase, the oral phase, 
ihe ph ary n g eal phase, and  the esophageal phase.

OROPHARYNGEALSTRUCTURES

M any oropharyngeal sư u c tu re s  take p a rt in the deglu- 
titive process. F igure 1 dep icts the  various m uscles 
a n d  su rro u n d in g  tissues that are involved  in the swal- 
low ing  process. A to tal of 30 paired  stria ted  m uscles 
an d  6 p a irs  o f cran ial an d  cervical nerves partic ipa te  ín

o ropharyngeal sw allow ing. D eg luú tive  m uscle g roups 
are a ttached  to cartilage (i.e ., ep ig lo ttic , ary tenoid , 
crico id , th y ro id ) an d  the hyo id  bone to provide a con- 
du it for bo lus transit and  to close the airway du ring  
sw allow ing. The tongue is the m ost im porian t m uscle 
in  the p rep a ra lo ry  and  oral phases o f sw allowing. In 
the  p h ary n x , various g roups o f m uscles com bine to 
perío rm  ac tions tha t p ropel the bo lu s th ro u g h  the 
esophagus and p reven t a sp ira tio n  o r nasal regurgita- 
tion . The in trin sic  m uscles o f the pharynx , the supe- 
rio r, m idd le , and in íe rio r constric to rs , are largely 
responsib le  for a perista ltic  w ave tha i aids bo lus trans- 
p o ri 10 the  esophagus and  c lears the pharynx  of res- 
idue. T he u p p e r esophageal sp h in c te r  is com posed  of a 
g roup  o f m uscles th a t p reven t gastric reíluxate from  
en terin g  the o ropharynx . The cricopharyngeus is the 
m ajo r m uscle of ihe sp h in c te r along w ith  the in ferio r 
pharyngeal co n stric to rs , the m ost p rox im al p art of the 
esophagus, and the th y ropharyngeus , all of w hich 
m a in ta in  ton ic  co n irac tio n  of the sph inc te r at rest. 
P ro tection  of the airw ay from  asp ira tion  is ach ieved  
by c losu re  of the larynx , as the u p p er esophageal 
sp h in c te r  is opened .

NEUROLOGIC PATHWAYS

M uch has been  d iscovered  ab o u t the Central and  p eriph - 
era l n eu ra l pathw ays of d eg lu titio n  in  the past several 
years. T he m ajo r co m p o n en ls  of the neura l con tro l of 
sw allow ing  in c lu d e  sensory  afferent and  m otor efferent 
íìbers, loca ted  in  the cran ial nerves, an d  C en tra l organ- 
iz ing  cen te rs, located  in the b rainstem .

S ensory afferents are carried  by b ranches of the  glos- 
sopharyngeal (IX) and  vagus (X) nerves to the nucleus 
trac tus so lita riu s  in  the m edu lla . T hese íibers also carry  
sensory  in fo rm ation  írom  p u lm onary  stre tch  recep to rs 
an d  ch em o recep to rs  located  in the caro tid  an d  aortic  
bodies. T h is com m on  neura l pathw ay allow s for con tro l 
of resp ira tio n  d u rin g  deg lu tition . A ííerent s tim u la tion  of 
recep to rs  in  the o ro pharynx  is capable of in iiia ting  an 
au tom atic  o r reílex ive /pharyngeal sw allow , indepen- 
d en t of vo litional contro l. T he pharyngeal sw allow  ap- 
pears to  be an im p o rtan t m echan ism  for pharyngeal
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F IG U R E  1 Muscles and surrounding tissues involved in the swallowing process.

clearance íbr airw ay p ro tec tio n . S tim u la tion  of the 
sư perio r laryngeaỉ nerve is m o st effective in  p ro d u c in g  
a sw aìlow , follow ed by  the g lossopharyngeal nerve. 
O th er m ech an o recep to rs  on  the tongue , soft palate , 
and  tonsilla r p illars are also  able to in itiate  a sw allow  
if m echanically  s tim u la ted  by liqu id .

T he b rainstem  plays an  im p o rta n t ro le  in deg lu tition . 
The m o to r  nuclei o f the c ran ia l nerves innerva ting  the 
pharyngeal m uscles are located  in  the p ons and  m edulla . 
Tbese inc lude the m o to r  nucle i o f the trigem inal (V), 
facial ('V II), g lossopharyngeal ( IX ), an d  vagưs (X) nerves. 
A lthough s tim u la tio n  of the in d iv id u al nuclei w ill resu lt 
in  co n trac tio n  of the vario u s deg lu titive  m uscles, they  
alone are unab le to in itia te  the sw allow  reílex. C oncur- 
ren t s tim u la tio n  of m u ltip le  senso ry  afferents an d  
su m m atio n  o f senso ry  in p u ts  to  in te rn eu ro n s  above 
these nuclei, vvhich co o rd in a te  th is  activity , are requ ired . 
C entral paired  sw allow ing  c en te rs  are located  in  the m e- 
du lla  ob longata. T hese p o o rly  defined  areas in c lu d e  the 
n u cleu s trac tu s so lita riu s , v en tro m ed ia n  re ticu la r form a- 
tion, and  the n ucleus am b ig u o u s a n d  are responsib le  for

Processing afferent sensory  signals and program m ing  
the m o to r sw allow ing  sequence. T his area  also receives 
cortical in p u t for vo litional con tro l of d eg lu titio n .

R ecent s tu d ie s  have show n tha t co rtical in p u ts  have 
a sign ifican t in ílụ en ce  on  the b ra in stem  sw allow ing  
cen ters and  a com plex  n e tw o rk  of in te rn e u ro n s  coor- 
d in a tes  n eu ro m u sc u la r  activ ity  betw een  these  tw o levels 
o f n eu ro n a l íu n c tio n . F unctiona l m agnetic  reso n an ce  
im aging  has d em o n stra te d  co rtical ac tiv a tio n  in  the 
an te rio r  c in g u la te  gyrus, the m o to r/p rem o to r co rtex , 
the in su ỉa  an d  occ ip ita l/parie ta l lobes in  B ro d m a n n s  
areas 7, 19, a n d  31 w ith  deg lu tition . These areas, how - 
ever, are  no t u n iq u e  to deg lu tition  an d  also are ac tiva ted  
in n o n deg lu titive  oral actions.

PHASES OF DEGLUTITION  

Preparatory and Oral Phases

W hen  an  ind iv idual takes in  food, the food is b ro - 
ken  dow n m echan ica lly  by the m uscles of m astica tio n



and chem ically  by salivary secretions, in to  a b o lu s  tha t 
is tran sp o rtab le  by the tongue to the o ro p h ary n x  du rin g  
the p rep a ra to ry  phase. T he subsequen t o ral phase is 
involved in  the transfer of the bo lus from  the oral cavity 
to the p h arynx . The tongue is the m ajor m u sđ e  in- 
volved in  th is  phase of deg lu tition  an d  is able to 
adap t its  shape and propulsive force d ep en d in g  on 
the size o f the bolus. S equential squeezing  o f the tongue 
against the  hard  and soft palate  generates a perista ltic  
p ressu re  w ave tha t p ropels  the bo lus from  the oral cav- 
ity  to the pharynx .

Pharyngeal Phase

T he pharyngeal phase lasts less than  1 s; how ever, it 
is ex trem ely  com plex  and largely retlexive. Since the 
resp ira to ry  and  digestive tracts cross in the pharynx , 
resp ira tio n  is stopped  d u rin g  the pharyngeal sw allow . 
A lthough  ihe exact ư iggers o í the pharyngeal sw allow  
are n o t kn o w n , it usually  sta rts  as the bo lu s is being 
iran sp o rte d  by the tongue to the phary n x , p resum ably  
by s tim u la tio n  of o ropharyngeal recep to rs  o f the supe- 
r io r  laryngeal nerve. S tudies have show n th a t a lthough  
th is  m ay be true  w ith d irec t sú m u laú o n  o f the various 
o ro p h ary n g ea l s tru c tu res , in  the process o f n o rm al eat- 
ing, food o ften  en ters the phary n x  p rio r to in itia tio n  o f a 
sw allow , suggesting  that e ith e r vo litional co n tro l may 
o verride th is  stim u lus or a sum m ation  o f senso ry  input 
will in h ib it th is reílex. A lternatively, the  pharyngeal 
phase  d u r in g  norm al eating  can be iriggered  as p art 
of a seam less cen trally  in itia ted  s le reo typed  sequence 
w ith o u t the  need for periphera l inpu t. F igure  2 illus- 
tra tes the  pharyngeal phase of sw allow ing d u rin g  eval- 
u a tio n  w ith  an  o ropharyngeaì esophagram .

Sw allow s have been  categorized  as p rim ary , w hen 
they  are vo litional, o r secondary , w hen  thev are reflexive 
(i.e ., w ith o u t vo lun tary  con tro l). These secondary  svval- 
low s have been  referred  t.0 as pharyngeal sw allow s. In 
general, they have the sam e b iom echan ics and charac- 
te ristics as p rim ary  sw allow s, except for the fact there  is 
no sequen tia l con tac t of the tongue w ith the  h ard  palate. 
It is believed thai these secondary  sw allow s are im por- 
ta n t for clearing  the h y p o pharynx  of any residue or 
re íìuxa te  from  the stom ach. Pharyngeal sw allow s can 
be tr iggered  by s tim u la tion  o f m any areas of the oro- 
ph ary n x , in c lu d in g  the an te rio r faucial p illars, posierio r 
tongue , ep ig lo ttis, p o ste rio r pharynx , an d  larynx . The 
ih resh o ld  íor m echanical s tim u la tion  increases w ith  age 
and  th is m ay in part exp lain  w hy o lder p a tien ts  are at 
in c reased  risk  for o ropharyngeal dysphagia and 
asp ira tion .

O nce the longue has m oved the bo lus to its base bv 
lingual peristalsis, m ultip le  w ell-coo rd inated  events

lake p lace v irtually  sim ultaneously . The goal of these 
m o to r activ ities is to change the p h ary n x  írom  a respi- 
ra to ry  vessel to a digestive vessel, w hile p reven ting  as- 
p ira tio n  in to  the airw ay. Laryngeal closure appears to be 
the fìrst event tha t occurs. The larynx  is elevated and 
closed to p rev en t asp ira tion  in to  the airw ay. Laryngeal 
c lo su re  is a stepw ise process thai resu lts  in  fừst closure 
of the true  vocal co rds follow ed by the íalse cords. The 
ep ig lo ttis is then  b ro u g h t dow n to cover the glotlic area. 
S tud ies have d em o n sư a ted  that vocal co rd  adduction  
s ta rts  p rio r to any o th er deglu titive event in đ u d in g  
m ovem ent of the food from  the m outh . There are 
four steps observed  in laryngeal closure , s ta rting  w ith 
a d d u c tio n  o f the vocal cords w ith  horizon ta l approxi- 
m ation  of the ary teno ids, vertical ap p ro x im atio n  of the 
ary teno ids to the base of the ep ig lo ttis, laryngeal ascent, 
and  ep ig lo tta l descent. In o rder to p rev en t nasopharyn- 
geal regu rg ita tion , the nasopharynx  is closed off by the 
ve lopharyngeal co n tra c tio n  and m id line con traction  of 
su p e rio r  pharyngeal constriclo rs.

T he u p p e r esophageal sp h in c te r is an area of high 
p ressu re  betw een  the pharynx  and  the esophagus. The 
m a in  co m p o n en t of the sp h in c le r  is the cricopharyngeus 
m uscle , w ith  co n trib u tio n  of the pharyngeal constric- 
to rs and  prox im al esophagus. T he cricopharyngeus re- 
ceives innerva tion  th ro u g h  the pharyngoesophageal, 
su p e rio r  laryngeal, and recu rren t laryngeal nerves 
an d  sensory  in p u t from  the glos.sopharyngeus nerve. 
T he u p p er esophageal sph inc lc r relaxes for approxi- 
m ately  0.5 s w ith  deg lu tition  to allow  bolus passage. 
In ad d itio n  to in irin s ic  rclaxaúon , the u p p e r esophageal 
sp h in c te r  is o p ened  bv an terio r liyoicl/laryngeal traction  
by the  sup rah y o id  m uscles. These are the sam e m uscles 
invo lved  in  laryngeal d ìsp lacem ent an d  closure as de- 
sc ribed  above. A fter the bo lus is tran sĩerred  10 the pos- 
te rio r pharynx , pharyngeal peristalsis and posterio r 
to n g u e  th ru s t carry it across the u p p e r esophageal 
sp h in c te r and  in to  the cervicaì esophagus. The propa- 
gated  pharyngeal co n trac lio n  m oves from  the superío r, 
m idd le, and in fe rio r pharyngeal constric to rs, em pty ing  
the p h a ry n x  o f anv residue.

Esophageal Phase

O nce the  bo lus has been transfe rred  to thc esopha- 
gus across the  u p p e r esophageal sp h in c te r, esophageal 
perista ls is carries it dow n 10 the s tom ach  w ith in  a span 
of 6 —10 s. Passage o f the bo lus in to  the p roxim al esoph- 
agus is follow ed by con traction  of the u p p e r esophageal 
sp h in c te r, w h ich  in itiates a Progressive wave of c ircu lar 
m uscle co n trac tio n , or perislalsis, w h ich  propels the 
food bo lu s a long  ìhe esophagus. T ran sp o ri of liquid 
is a ided  by gravity  and  liquids tend  to reach  ihe stom ach



,ESfìUCE

FIG URE 2  Pharyngeal phase of swallowing during an evaluation with an oropharyngeal esophagram.

p rio r to solids. P rio r to the arrival o f  the bo lus  a t the 
distal esophagus, the low er esophageal sp h in c te r  relaxes 
to allow  passage of the b o lu s  in to  th e  stom ach .

SUMMARY

The act of dcg lu tition  is a repetitive , u n iío rm  ac tion  that 
belies the ỉeveỉ o f co m p lex ity  of its con tro l. Since the 
resp ira to ry  tract and  the d igestive trac t converge in  the 
pharynx , airw ay p ro tec tiv e  m echan ism s are pro- 
gram m ed into sw allow ing  m echanism s. D ue to the 
m any facets of n e u ro m u sc u la r  activ ity  th a t are respon- 
sible for deg lu tition , a w ide  array  o f m ed ica l prob lem s 
can result in  deg lu titive dysfunction . N ew er im aging 
m odalities are now  able tơ p rov ide m u ch  g rea te r insigh t 
in to the sw allow ing p rocess, w hich  in  tu rn , it  is hoped , 
will lead to m ore effective th e rap ies  for peop le  w ho have 
sw allow ing d iso rders.
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Sympathetic Innervation
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paravertebral ganglia G anglia lo ca led  a lo n g sid e  and parallel 
to  eiLher s id e  o f  the vertebral c o lu m n . A lso  k n o w n  as 
sy m p a th e tic  ch a in  ganglia. 

p ostganglion ic  sym pathetic neurons N e u r o n s o f  the sym pa- 
th e tic  n erv o u s sy stem  that have the ir  c e ll b o d ies in  
p erip h era l gan glia  an d  se n d  ax o n a l p r o ịe c lio n s  to the  
d ig e stiv e  tract.

preganglionic sympathetic neurons Neurons of the sym pa- 
th e tic  n erv o u s system  that have their  ce ll b o d ies in  the  
sp in a l cord  and sen d  ax o n a l p ro jec tio n s  10 sy m p a th e lic  
ga n g lia  in the p eriphery. 

prevertebral ganglia The celiac, su p er io r  mesenteric, and 
in íe r io r  m esen ter ic  ganglia  o f ih e sy m p a th e tic  nervou s  
sy stem  lo ca led  in  ih e  ab d om en . 

secretom otor  neurons T h e n eu ro n s in  th e  en teric  nervou s  
sy s te m , w h ich  in n ervate  the in te stin a l crypts o f  Lieber- 
k ũ h n  to  ev o k e  the se cretio n  o f  w ater, e lec tro ly tes, and  
m u c u s .

The sym patheúc nervous system  is one of the ihrce divi- 
sions o f the autonom ic nervous system  thai innervate the 
digestive tract. The o ther two divisions are the parasym - 
pathetic  and enteric nervous system s.

INTRO DUCTIO N

N eu ro n al celỉ bod ies of the Central nervous System  
co m p o n en t of the sym patheúc  in n erv a tio n  are posi- 
tioned  in the in te rm ed io la te ra l ho rn  in the thoracic 
and  lu m b ar regions of the spinal cord  (Fig. 1). Efferent 
sy m p ath e tic  íìbers leave the spinal cord  in the ventral 
ro o ts  to m ake the ìr fìrsi synaptic  co n n eclio n s w ith  neu- 
rons in p reverteb ral sym pathe tic  ganglia located in the

Medulla Oblongata

Thoraco-Lumbar
Region

Prevertebral Ganglia
1. Celiac
2. SuperiorMesenteric

3. InteriorMesenteric

F 1G U R E  1 The sym patheiic d iv ision  o f  the au ton om ic nervous 
system  innervates all levels of the d igeslive tract. Sym pathelic  
pathw aýs lo  the gut starl w ilh  neurons in ihe ihoracic and lumbar 
rcgions o f the spinal cord. Effercnt sym pathetic fibers leave the 
spinal cord in  the ventral roots to tnake theír fàrst svnaptic con- 
n ecú on s w iih  neurons in prevertebral sym patheiic ganglia located  
in ihe abdom en. The prevertcbral ganglia are the celiac. the su- 
perior m esen ieríc , and the iníerior m esenteric ganglia. Cell bodies 
in the prevertebral ganglia projeet to Lhe d igesúve Iract, where  
they fonn  synapses vvilh neurons ol the enteric nervous system  in 
addìtion to innervating the blood vessels , m ucosa, and specialized  
regìons o f the m usculature. The upper esophagus receives inncr- 
vation from the supcrior cervical ganglion , w hich is ihe uppcrm ost 
o f  thc paravertebral sym pathctic ganglia.

abdom en . T hese are term ed p regang lion ic  sym pathe tic  
neu rons. T he p reverteb ral ganglia, w h ich  are the targets 
of the p regang lion ic  neu ro n s, are the celiac, the su p e rio r 
m esen teric , and the  in ĩe rio r m esen teric  ganglia. Cell



bodies in the p rev e rteb ra l ganglia p ro ịec t the ir axons to 
the digestive trac t, w here  they form  synapses w ith neu- 
rons of the en teric  n e rvous system  in add itio n  to inner- 
vating  the b lood  vessels, m ucosa, an d  sph inc te ric  
reg ions of the m u scu la tu re . N eu rons in the p reverteb ra l 
ganglia are te rm ed  postgang lion ic  sym pathe tic  n eu rons. 
P ostganglion ic sy m p ath e tic  n eu ro n s  express n ico tin ic- 
type recep to rs for acety lcholine. P regangliom c n eu ro n s 
release acety lcho lìne  as a n eu ro tran sm itte r  in the  pre- 
vertebral ganglia.

S ym pathetic  in p u t to  the digestive trac t generally  
íu n c tio n s to sh u n t b lood  from  the sp lanchn ic  to the 
system ic c irc u laù o n  d u rin g  exercise and stressful envi- 
ro n m en ta l en coun te rs . T his occurs co inc iden t w ith  sup- 
p ression  of d igesiive functions, in c lu d in g  p ropu lsive  
m otility  and secretion .

SYMPATHETIC NEUROTRANSMISSION

N o rep in ep h rin e  released from  sym pathetic  postgangli- 
on ic n eu rons is the p rinc ipa l m ed ia to r of sym pathe tic  
ac tions in the gut. N o re p in e p h rin e  acts d irec tly  on 
sph inc te ric  m uscles to increase tension  an d  keep the 
sp h in c te r closed and  it also acts on  the v ascu la tu re  to 
decrease b lood  flow. T he in h ib ito ry  action  of 
n o rep in e p h rin e  a t synapses in  the neural con tro l cir- 
cu itry  is p rim a rily  responsib le  for sym pathe tic  inactiva- 
tion  of m oúlity . Tnhibitory ac tion  on secre to n io to r 
n eu ro n s  su p p resses  secre tion  of electro ly tes and 
w ater from  the in te s tin a l cryp ts of L ieberkũhn .

The synap tic  in te ríace  betw een the postgang lion ic  
íìbers of the sy m p a th e iic  nervous system  an d  the en teric

nervous system  is at presynaptic  0.1 ad renocep to rs. 
N o rep in ep h rin e  released from sym pathe tic  íìbers sup- 
presses the release of excitatory  n eu ro tran sm itte rs  al 
bo th  en te ricsy n ap ses  and  neuro-effector ju n c tio n s . Sup- 
p ression  of synaptic  transm ission  by the sym pathe tic  
in n erv a tio n  occurs at m ost excita tory  synapses in  the 
en teric  neura l netw orks. This inactivates the n eu ra l cir- 
cuits that generate  in testinal m o to rb eh av io r. A ctivation 
of the sym pathetic  ìn p u ts  allovvs only  co n tin u o u s  dis- 
charge of inh ib ito ry  m otor neurons to the n o n sp h ìn c te ric  
m uscles. The overall effect is to su spend  in testinal m o- 
tility in  co n ju n c tio n  w ith  reduced  in testinal b lood  flow. 
This State is called physiologic ilcus w hen it occurs tran- 
siently  and patho log ic ileus w hen ìt persists an d  p ro - 
duces sym ptom s o f in testinal obstruction .

S ee A lso  th e  F o l lo w in g  A r t ic le s

A utonom ic Inner\'ation •  Enteric N ervous System  •  Parasym- 
pathetic lnncrvalion
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chemosensory systems Biological systems that detect soluble 
and volatile chemicals. 

gustatory Related to taste. 
olíactory Related to smell.
pheromone Chemical that, when emitted by members of a 

species, vvill affect the behavior or phvsiology of other 
members of thai species. 

taste bud Cluster of 80—150 specialized epithelial cells;
responsible for the initial events of taste reception. 

umami Savory laste; basic taste quality elicited by mono- 
sodium glulamate. 

vomeronasal organ Sensory organ specialized to cletect 
pheromones in certain animals.

chem o sen so ry  system s, o f w hich taste and sm ell are spe- 
cialized form s, detect bo th  soluble and volaúie chem icals. 
The senses o f taste  and o líaction can affect social behav- 
iors, includ ing  feeding, territo ria ỉity , and m ating. Taste 
and smell are also used  in se lectỉon  and cvaluation of 
ílavor and in  avoidance of po ten tia lly  harm íul com- 
pounds. T hrough the cephalic phase of digestion , taste 
aỉso affects certa in  exocrine and endocrine secretions, 
th u s affecting n u tritio n  and m etabolism  and the overall 
quai ity o f liíe.

OVERVIEW OF TASTE AND SMELL

All an im als re sp o n d  to vario u s chem icals  in n a tu re ; n o t 
all chem icals, hovvever, a re  d e tec ted  exclusively  by 
chem osenso ry  taste  an d  sm ell system s. Pain íu l, irrita t- 
ing, an d  p u n g e n t chem icals, for exam ple , are also 
de tec ted  by  the trigem inal system , and chem icals asso- 
ciated  w ith  sexual and  social signals (p h ero m o n es) are 
detec ted  by the vo m ero n asa l o rgan  in  ce rta in  anim als. 
A lthough  the vom eronasal o rgan  is physically  p re se n t in  
hu m an s, its  íu n c tio n a lity  is con troversia l (see íu rth e r) .

R eceptors for taste and  o líac tion  are located  a t the 
en try  p o rt o f each  govern ing  system , i.e ., the gastro in - 
testinal tract for taste an d  the  resp ira to ry  trac t for olfac- 
tion . U n like o th e r  sensory  system s, the taste and  
o líac tion  sensory  system s have specia lized  p e rip h e ra l 
chem osensory  recep to rs  th a t in te rac t w ith  the so lub le 
and  volatile chem icals tha t are subseq u en tly  re jected ,

ingested , o r  in h a led . In iake o f chem icals can  be e ith er 
beneíic ia l o r  h a rm íu l, an d  taste an d  sm ell are im p o rta n t 
d isc rim in a to ry  sc reen in g  m echan ism s for avoid ing  po- 
ten tia lly  h arm íu l chem icals.

PERIPHERAL ORGANIZATION OF 
THE TASTE SYSTEM

The p e rip h e ra l gusrato ry  system  is exposed  to a variety  
o f physicaỉ, chem ical, and  b io log ical insu lts. Extrem ely  
h o t, co ld , irrita lin g , acid ic, and  n o n ste rile  s tim u li m ay 
have dam aging  effects on  the p e rip h e ra l laste recep to r 
system . T hereío re , the  g usta to ry  system  evolved as a 
rap id ly  renew ing  specia lized  ep ithelia l system . T his is 
in  co n tra d is tin c tio n  to m ost o th e r  senso ry  svstem s, in- 
clud ing  o líaction , in vvhich s tim uli are d e tec ted  by sen- 
sory  n eu ro n s.

S tru c tu res  tha t are  invo lvcd  in  p e rip h e ra l taste re- 
cep tion , in  decreasing  o rd er of size, are the taste papil- 
lae, taste  b uds, rec ep to r cells, an d  taste recep to r 
p ro te ins. Taste pap illae are visible w ith  the u n a id ed  
eye and  are located  th ro u g h o u t the o ral cavity on  the 
tongue , pala te , phary n x , an d  ep iglottis. T here  are four 
m ạjo r types of gusta to ry  papillae: c ircum valla te , ỉoliate , 
fungiform , a n d  taste stripes (from  the  orig inal G erm an 
geschm aksstreiỊen). H ow ever, the m ost a b u n d a n t papil- 
lae on  the  tongue , the  filiform  papillae, a re  n ongusta to ry  
(Fig. 1). These are p ro n e  to overg row th , s ta in ing  (es- 
pecially  w ith  coffee an d  food dyes), o r excessive shed- 
d ing , w h ich  im p a rt a w hite , coffee-brow n, o r raspberry  
appearance , respectively .

O f the g usta to ry  pap illae , the c ircum valla te  papillae 
are located  in  a V -shaped array  in  the p o ste rio r th ird  of 
the tongue. In hu m ạn s, there  are betvveen 3 and 13 
c ircum valla te  papillae, an d  th e ir  n u m b e r varies in 
o th e r  anim als: ra ts  and  m ice have on ly  one, w hereas 
cow s m ay have as m any as 25. S ym m etrically  located  
on  ihe  la tera l p o s te rio r  side o f the tongue are the ĩoliate 
pap illae , w h ich  are p o ck e i-sh ap ed  invag inations lined  
w ith  taste  buds. D istrib u ted  over a large su ríace  area, 
the m u sh ro o m -sh ap ed  íung iío rm  pap iliae cover the 
an te riọ r  do rsal su ríace  o f the tongue. T he n u m b e r of



5 0 —100 con tinuously  m a tu rin g  laste recep to rs and sup- 
p o r tin g  tasie cells (Fig. 2). O ver 95% of thc taste bud is 
sh ie lded  from  the oral cavity  by tight ju n c tio n s , the 
s tru c tu re s  that are responsib le  for the epithelial barrier. 
O nlv  the apical p o rtio n s of a few taste cells are exposed 
to the  o ral cavity ih rough  a 3- to 5-(im -w ide open ing , the 
taste pore (Fig. 3).

U nlike com p o n en ts  of any o th e r  sensorv  system , 
taste cells have a rap id  tu rn o v er rate of 10.5 days. 
T he p ro gen ito r cells, the basal cells, are located  at ihe 
base of the taste bud . As cells co n tinuously  grow  and 
m atu re , they move from  the basal area of the b u d  tow ard 
the laste pore. At any  g iven tim e, the taste pore may 
eo n ta in  the apical tips of 8 —10 taste cells. The residcnt 
tim e of these 8 —10 cells is as b rief as a few h ours , before 
they are shed  inlo the oral cavity  and w ashed away by 
saliva. T his rapid tu rn o v er o f cells, characteristic  of 
m any ep ithelial cells (e.g., certa in  cells lin ing  ihe 
sm all in iestine), m eans tha i the exposed  taste recep ior 
cells used  for lunch  are n o t the sarae as those used 
for d inner.

F IG U R E  1 H um an tọnguc. The dorsal surlace o( the tonguc has 
íour types of papillae: fungíform  (Fu), nongustatory íìlilorm  (F i), 
circum vallate (C v), and Ibliatc (Fo). Poliate papillae are 
not visible.

íu ng iíb rm  papillae in  hu m an s varics from 50 to 200. 
Finally, the taste s tripes are located on b o th  sides of 
the palatal m id line ai the bordcrline o ĩ the soft and 
hard  palates.

The d ifferen t laste papillae con tain  varying n um bers 
o f tasie buds. F o rin s tan c e , in hum ans, the c ircum vallate 
pap illae con tain  100—200 taste buds, the ĩoliate papillae 
have 3 2 0 —2950 buds, an d  the fimgiform papillae have 
1 — 10 taste buds. The taste bud  is the íunctional un it o f 
the sense of taste. It is on ion-shaped  and contains

TASTE RECEPTORS, SIGNAL 
TRANSDUCTION, AND  
GUSTATORY PROCESSING

G enerally , gusia tory  stim u li in te rac t first w ith  speciíìc 
p ro le in  recep io rs on  the ap ical, exposed  suríace of the 
taste receptor cells. This intcraction then ieads to 
changes in ion ílux across the laste recep to r cell m em - 
b rane. The resu lting  d ep o lariza tio n  induces release of 
n eu ro tran sm itte r  from  ihe rec ep to r  cell to the nerve 
íibcr innerva ting  the cell. C hanges in ihe íìring  rate of 
th is  inncrva ting  nerve are conveyed  to specific regions 
of the Central nervoussystem , vvhere the taste m essage is 
clecoded in to  a p ercep tu a l m odality . D uríng  the past
5 years, a variety of taste rec ep to r cand ida tes— ion  chan- 
nels, ligand-gated  channels, enzym ẽs, and G -pro tc in - 
coup led  recep to rs (G PC R s)— have been  idenúH ed for

P IG U R E  2  Tasie cclls. (A) Transm ission (phase contrast) phoiom icrograph o f a s in g le  m ouse taste 
cell. (B and C) Scanning eleciron m icrographs of d issocia ied  m ouse tasttí cells. Bars = 10 (.1111. Som e 
contam inating lissuo is lUUichcd 10 thc taste cell ÍI1 B. Reproduced from Spíehnan et al. (1 9 8 9 ) w i i h

permission from Elsevier Science.



F IG U R E  3 Taste pore. (A) Scanning electron  m icrograph of 
a ral fungifovm  papilla. The Central pit represenis the tasle pore. 
(R) H igh-pow er scann ing  electron  m icrograph o f  ihe taste pore 
show n in A. Bar = 1 um . R eproduced from Spielm an and Brand 
(1997) w ù h  perm ission ['rom E lsevier Science.

the fìve basic taste qualiúes: sw eet, b iu e r, sour, salty, 
and savory (or um am i, ihe am ino  acid  taste  of m ono- 
sod ium  g lu iam ate).

Sweet Taste

Sweet taste in  h u m an s is elic ited  by a varie ty  of 
com pounds, in c lu d in g  sugars and  sugar derivatives, 
D-amino acids, som e o f the small L-amino acids (glycine 
and L-alanine), and artiRcial sw eeteners (such  as cycla- 
m ate, saccharine , aspartam e, sucralose , an d  very high- 
po tcncy  svveeteners). R ecent ev idence suggests tha t 
GPC Rs are responsib le  for d e tec tin g  sugars. A cand ida te  
svvect recep to r, the T1R3, w as cloned  an d  found  to be 
íunc tional only  as a h e te ro d im e r w ith  a p rev iously  
cloned recep tu r, the T1R2. Both are expressed  in a b o u t 
20% of the tastc cells locaied  in  the p o ste rio r, la teral, and  
an terio r taste b u d s  of the tongue. The m echan ism

by w hich sw cet taste is tran sd u ced  has been  previờusly  
elucidated . T1R3/T1R 2 recep to rs  couple th rough  
an  increase in cGM P and  ac tiva tion  of a cyclic- 
nucleo tide-gated  channel tha i leads to depo lariza tion  
th ro u g h  ca lc ium  in ílux . In teresting ly , artiíìcial 
sw eeieners use a d ifferen t pathw ay , sim ilar to m any 
b itte r  com pounds.

Bitter Taste

D etection  o f p o ten tia lly  h arm íu l, even toxic, com - 
pounds is one o f the p rim ary  ro les of b itte r  taste. This 
gustatory  s tim u lu s  is rep resen ted  by a large and  diverse 
array  of co m pounds, rang ing  from  ions (po tassium ) to 
com plex artiRcial (d en a to n iu m ) o r na tu ra lly  occu rrin g  
com pounds (caffeine, s try ch n in e , qu in ine). Because of 
its po ten tia l survival benefit, b itte r  taste bas the lowest 
detec tion  th resh o ld  of all taste qualities, ihe largest 
k n o w n  set of taste recep to rs, and  is assum ed  to have the 
m ost diverse set of m ech an isn is  o f signal transduction .

Sim ilar to sw eeí taste , b itte r  taste  tran sd u c tio n  in- 
volves prim arily  G PCRs as cell surface h ind ing  sites for 
m any b itte r stim u lan ts. A fam ily o f 4 0 —80 m em brane- 
associated  b itter taste  recep to rs, term ed T2Rs, was re- 
cently  idenúfied  in ro d en ts  an d  hum ans. In hum ans, 
T2Rs are en co d ed  in  24 genes lo ca ted  on th ree chrom o- 
som es. It is assum ed , a lth o u g h  n o t yet tested , that all 
T2Rs are b ittcr responsive. B ittcr taste recep to rs  appar- 
cn tly  are coup led  th ro u g h  g u std u c in , a taste lissue-en- 
riched  G p ro te in  a  su b u n it, an d  associa ted  [33 and  Y13 
sub u n its  to ihe cyclic n u c leo tid e  and the phospho - 
inositide signal tran sd u c tio n  pathw ays. G ustduc in  acti- 
vates one o r m ore  p h o sp h o d ieste rases , reduc ing  ihe 
levels of cyclic n u cleo tid es  (cAM P and  cG M P), leading 
to opening ot a cyclic nucleo tide-gated  cation  channel 
and  depo lariza tion . T he ị33/yl3 also activates phos- 
pholipase C-Ị32, w h ich  releases tw o second m essengers, 
inosito l tr isp b o sp h a te  (IP 3) an d  điacylglycerol (DAG). 
The ĩo rm er releases in trace llu la r ca lc ium , leading to cell 
depolarizatìon . T he specifics o f the  in terp lay  betw een  
these two second  m essengers, the re d u c ú o n  o f cyclic 
nucleo tides, an d  the increase o f IP 3 and  DAG are not 
knovvn; nor is it obv ious w hich is the leading event in 
depolarization .

Sour Taste

Sour taste quality , s im ilar to b itte r  taste, is a protec- 
tive/w arn ing  system . It ind ica tes the p ro to n s  of 
acids. P ro tons m ay have a local effect on  oral soft and 
hard  tissues o r a system ic effect w hen acid ity  indi- 
cates spoiled  food. Several p ro te in  cand ida tes have 
been  im plicated  in so u r taste tran sd u c tio n , includ- 
ing  am iloride-sensitive ep ithelia l sod ium  channels



(EN aC s), p ro ton -ga ted  channels [m am m alian  
d egenerin  1 (M D EG 1), K+ channels ], hyperpo lariza tion - 
activated  cyclic nucleo tide-gated  channels (H C N s), 
H + -gated ion channels, and the acid -sensing  ion chan- 
nels (ASICs). A variety  of m echan ism s m ay be associ- 
ated w ith  these channels, ind icating  the po ten tia l 
com plex ity  of th is  taste quality . G enerally , all po ten tia l 
m echanism s lead to an increase in  in trace llu la r positive 
charge that resu lts  in  d irec t depo lariza tion . Some of 
these m echan ism s are su p p o rted  by behavioral stud ies 
using  the channel b locker, am iloride, w h ich  was show n 
to reduce aversion to acids in  som e species (the ham ster, 
for exam ple). T he speciíìc signal tran sd u c tio n  m echa- 
n ism s for m ost of these recep to rs rem ain  to 
be elucidated .

H um ans have a characteristic  strong  facial grim ace, 
a “sou r face,” w hen  exposed  to sou r stim uli. The grim ace 
induces a strong  co n trac tio n  of facial m uscles, w hich  
channels saliva on to  the surface o í the tongue. The 
m echan ism s of sa livation  and  tasting  are tigh tly  linked , 
and sou r taste is the stronges t salivary stim u lan t. W ith  
ìncreasing  salivary flow rates, h igher levels o f b icarbon- 
ales are secreted , w hich  leads to buffering  of the acid 
p ro to n s, p ro tec ting  oral tissue from  dam age.

Salty Taste

Sim ilar to so u r taste, salty taste rep resen ts  ions. Un- 
like sourness, how evcr, sa ltiness is an esscntial in d ica to r 
o f m inerals an d  serves as a m o n ito r for io n  hom eostasis. 
The m ost im p o rtan t rep resen ta tive  of th is  taste stim u- 
lan t is sod ium  chlorìde. In roden ts , an  am iloride- 
sensitive ep ithelial sod ium  channel detects sod ium  
ch lo ride; the ch lo ride  appears to be m ed iated  bv a para- 
cellu lar m echanism . In hum ans, the ENaC is less p rom - 
inen t and  ad d iú o n al m echan ism s n o t vet Ìden tiíìed  may 
be involved.

Umami (Amino Acid) Taste

U m am i, from  the Japanese  w ord  for “de lic ious” 
( um ai), describes a taste quality  speciíic for m ono- 
sod ium  g lu tam ate (MSG). T his taste is synergistically  
en hanced  in  the p resence of 5' ribonucleo tides, especi- 
ally inosine 5 '-m o n o p h o sp h a te  (IM P) and  guanosine 
5 '-m o n o p h o sp h ate  (GM P). MSG and  g lu tam ate, the ex- 
c ita to ry  n eu ro tran sm ilte r, are alm ost iden tical. Ít was, 
the re ío re , reasonable to expect that the ir recep to rs  
m ight be related . In d eed , a tru n ca ted  form  of the 
b ra in  g lu tam ate recep to r, m G luR 4, was found  in the 
taste system  an d  is one o f a n u m b er of cand ida te  re- 
cep to rs for um am i. T he signal tran sd u c tio n  m echan ism  
for um am i using  the raG luR 4 recep to r is assum ed  to 
be sim ilar to tha t in  b ra in , a red u c tio n  in  the level of

cAMP lead ing  to a closure of an  unspeciíìed  caúon  con- 
ductance. O ne p rob lem  w ith  this m echanism  is that the 
m G luR 4 recep to rs  are generally  inh ib ito ry . Because 
tasting  MSG likely  requ ires an excita tory  response 
from  the taste cell, the actual role tha t an inh ib ito ry  
recep to r su ch  as m G luR 4 plays in tran sd u c tio n  of the 
taste o f MSG is questionable.

A com pletely  different receptor type for MSG has 
been  recen tly  p roposed , one that has little hom ologỵ 
w ith  o th e r  k n o w n  g lutam ate recep tors. This recep to r 
is a d im er of tw o of the recep to r p ro te in s of the T1R 
family, nam ely, T1R1/T1R3. N ote tha t ih is d im er is sim - 
ilar to the p roposed  sw eet recep tor, except that onc 
m onom er of the d im er pair is d iữeren t. For sweet 
taste , the d im er is T1R2/T1R3. O ne in te resting  feature 
o f the T1R1/T1R3 recep tor for MSG is tha t its activitv 
tow ard  g lu tam ate  is enhanced  by the ribonucleo tides. 
T his synergism  betw een g lu tam ate and the ribonucleo- 
tides is a hallm ark  of um am í taste, and  the observation 
th a t the T1R1/T1R3 d inier is enhanced  by IMP lends 
credence to the suggestíon  ihat T1R1/T1R3 is the m ajor 
recep to r for um am i tasie. Ịapanese cu isine has taken 
advantage of app rop ria te  com binalions of íoods to m ax- 
im ize th is  synergistic effect. The com bination  of pork , 
ch icken , b lack  m ushroom s, sea b ream , etc., w hich 
con ta in  nucleo tides, and  tom atoés, cauliflow er, celery, 
carro ts , an d  m ushroom s, w hich are rich  in  MSG, lead to 
an en hanced  taste for g lu tam ate via th is  synergistic 
cu linary  effect.

Other Tastes

ln  aquatic  anim als, o ther am ino acids act as taste 
stim u lan ts. T he catíìsh , for instance, show s sensitiv ity  to 
L-arginine, L-alanine, and glycine. The L-arginine rccep- 
to r is a ligand-gated  nonselective ca tion  channel and is 
p rim arily  located  on  the barbel, a tactile p rocess located 
o n  the lip of the catiìsh.

A dd itiona l taste qualities exist. Fats have been re- 
cen tly  found  to act on taste cells, in  ad d itio n  to stlm u- 
laú n g  the trigem inal system . In particu la r, som e free 
fatty acids activate taste cells th rough  a po tassium  chan- 
nel b lockage. W ater and m etallic tastes have also been  
p ro p o sed  as d istinct, a lthough  no n trad itio n a l, taste 
qualities.

Signal Transduction and Processing

T aste rec ep to r cells, sim ilar to n eu ro n s, exhib it ac- 
tion  po ten tia ls  in response to gusta to ry  signal transduc- 
tion , lead ing  to release of neu ro transm itte rs . The 
recep to r cells synapse w ith fìrst-o rder n eụ rons at the 
taste bucl level. G usta tory  in ío rm ation  is carried  for 
Central Processing by three cranial nerves: the V llth ,



or íacial (of w hich  the cho rda lym pani and  g reater 
superíicial petrosa l b ranches innerva te  the an te rio r 
tw o-tb ird s o f ihe tongue and p a la te ), the IXth, o r glosso- 
pharyngeal ( innerva ting  the ío liate  and  circum vallate  
papillae), and  the X th, or vagus (innerva ting  the base 
of the tongue, ep ig lo ttis, and ph ary n x ). Pain and ther- 
mal and  tactile in form ation , c ru c ia l for food de tec tion  
and ap p rec ia tion , are  carried  by the m ax illa ry  and 
m and ibu la r b ran ch es of the V th or trigem inal nerve.

A llhough it has been  assum ed  for m any years that 
speciíìc reg ions of the tongue are tu n e d  for specific taste 
qualities, it is now  đ e a r  tha t all th ree  gusta to rv  nerves 
carry  all taste stim uli. Even single nerve fibers m ay be 
broadlv  tuned  to carry  in ío rm a tio n  ah o u t m u ltip le  types 
o f gusta tory  stim uli. G usta tory  in ío rm a tio n  ca rried  bv 
the th ree cran ial nerves is passed o n  to the n ucleus o f the 
so litary  tract in  the m edulla ob longaia . F rom  there , in- 
ío rm ation  is sen t to the ventral p o ste ro m ed ia l tha lam us 
and  eventually  to the  gusta tory  co rtex  in  the low er tip  of 
ihe p arie ta l lobe.

PERIPHERAL ORGANIZATION OF 
THE OLFACTORY SYSTEM

The sense of sm ell, a lthough  generally  not considered  
as im p o rta n i as som c of the o ih e r senses, allow s hum an  
beings to detec t th o u san d s of o d o rs  in  the ir env iron- 
menL. The nasal cavity is d iv ided  by the sep tum , and  
h um ans have ih ree  folds, or tu rb in a tes , in  the d orsal p a rt 
on  each side. Sensory n eu ro n s  are located  p red o m i- 
nan tly  on  the  su p e rio r  tu rb ina te  an d  to a lesser extern 
on  the m iddle tu rb in a te  and the  sep tu m , w hereas non- 
sensory  ep ith e liu m  lines the o th e r  areas. T he sensory  
p o rtio n  of ihe o líacto ry  m ucosa con ta in s several cell 
types. O líacto ry  recep to r n eu ro n s  (OR N s) are the 
cells tha t de tec t chem ical stim uli. T hey  are b ip o la r neu- 
rons w ith  a d en d ritic  process en d ing  in  an  apical swell- 
ing called an  o líacto ry  knob , w h ìch  is exposed  to the 
ou tside w orld , and  an  axon tha t p ro jec ts  th ro u g h  the 
c rib riío rm  p late in to  the o líacto ry  bulb. The o líacto ry  
knob  carries e ith e r cilia or m icrovilli, vvhich co n ta in  the 
recep to r m olecu les th a t detect o do rs  and  the e lem en ts of 
signal tran sd u c tio n  pathw ays tha t convert the b in d in g  of 
od o r m olecu les in to  electrical signals. O th e r  cells in  the 
sensory  area of the o líactory  m ucosa are su sten tacu la r 
cells (also called su p p o rtin g  cells), w h ich  su rro u n d  sen- 
sorv  neu ro n s an d  p ro d u ce  part o f the m ucus tha t covers 
the ep ithelium  and  basal cells; the basal cells are im m a- 
tu re  p recu rso r cells for ORNs and give the olfactory 
neu ro e p ith e liu m  the ability to regenerate  after in ịury . 
T here also is a constan t tu rn o v er o f ORN s, w ith  new 
cells arising from dividing basal cells, then m aturing

in to  íu n c tio n a l rec ep to r  neu ro n s, and  íĩnally dving 
and  be in g  reso rbed . The life span  of O RN s varies but 
is in thc range of 30 to 90 days. The no n sen so ry  areas of 
the m ucosa co n ta in  re sp ữ a to ry  cells th a t possess m otile 
cilia at th e ir  exposed  ap ical ends. C iliary  m ovem ent 
g enerates a co n tin u o u s  re trog rade flow of m ucus tow ard  
the th ro a t. Bow m an glands, sca tte red  th ro u g h o u t the 
ep ith e liu m , p ro d u ce  m ucus. The m u c u s  con ta in s 
o d o ran t-b in d in g  p ro te in s , w h ich  are lipocalins, having 
rela tivelv  low  m o lecu lar w eigh t an d  h ig h  affinity for 
o d o ra n t m olecules. A lthough  several p o ten tia l roles 
lor o d o ran t-b in d in g  p ro te in s  have been  p ro p o sed , in- 
c lu d in g  iran sp o rt o f o d o ran t to an d /o r from  recep to rs, 
íac ilita tion  of o d o r b in d in g  to recep to rs, te rm in a tio n  of 
recep to r b in d in g  of o d o ran t, and  de tox ifica tion  of 
the m ucosa, n o n e  of these fu nctions has been  clearlv 
estab lished .

OLFACTORY RECEPTORS AN D  
SIGNAL TR AN SDU CTIO N

To d e tec t and  d is tin g u ish  th o u san d s of d ifferen i o d o ran t 
m olecu les, the nose n eed s a large n u m b er of diíTerent 
recep to rs. In the early  1990s, a large fam ily of genes tha t 
encoded  ap p a ren t recep to r m olecu les w as identified  
in  o lfactory  tissue. T hese recep to rs, s im ilar to sw eet and 
m ost b ilte r  recep to rs, possess seven tran sm em b ran e  do- 
m ains th a t co n ta in  conserved  sequences and  a highly 
variab le exposed reg ion  th a t is believed  to be the ligand- 
b in d in g  site. M ore recen tly , som e of these p ro te in s  have 
been co n íìrm ed  to be o d o ran t recep to rs  by  functional 
exp ression  in  cell system s su ch  as Xenopus oocytes and  
im m orta lized  cell lines. A bout 1000 d iffe ren t m em bers 
of th is fam ily of recep to rs  have been  p red ic ted  for the 
m ouse, one of the first and  besi s lud ied  m am m alian  
m odels of o lĩaction . F o r hum ans, 350 íu n c tio n a l olfac- 
torv rec ep to r  genes have been  iden tiíìed  an d  cloned . Ít 
appears tha t h u m a n s  have a large n u m b e r of pseưdo- 
genes, w hich  have high. sìm ila rities w ith  the nucleo tide  
sequences en co d in g  functional recep to rs  bu t con tain  
m u ta tio n s  tha t lead to n o n íu n c tio n a l p ro te ins.

The m ost extensively  d o cu m en ted  signal transđuc- 
tion  m echan ism  in  O RN s involves the second  m essenger 
m olecu le  cAMP, B inding  of an  o d o ran t to a recep to r 
m olecu le leads to the ac tiv a tio n  of a G T P -b ind ing  pro- 
tein  (G p ro te in ); an  O RN -specifìc G p ro te in , Goir, has 
been iden tiíìed . A ctivation  of G p ro te in s  causes disso- 
cia tion  o f the  0Í su b u n it from  the  Py su b u n it com plex. 
The y. su b u n it ac tìvates the enzym e adenyly l cyclase, 
w hich  converts  ATP in to  the second  m essenger 
cAMP. cAMP in tu rn  activates nonse lec tive  cation  
channels, re su lú n g  in  d ep o la riza tio n  of the  recep to r



n eu ro n  and  lead ing  to generation  of ac tion  potentials. 
C alc ium  io n s constitu te  a m ajor co m p o n en t of the de- 
po la riz ing  c u rren t th rough  the cA M P-activated chan- 
nels, and  the transien t rise in  in trace llu la r calcium  
actìvates a second  conductance th ro u g h  ch loride chan- 
nels, w h ich  am plifies the depo Ia rizaúon  of the cell be- 
cause in te rn a l ch loride is unusually  high in  ORNs.

Several add itio n a l m essenger m olecules have been 
im p lica ted  in  signal tran sd u c tio n  in  O RNs, e ither as part 
of d iffe ren t tran sd u c tio n  pathw ays or as m odu la to rs of 
the cAMP cascade. These substances inc lude cGMP, 
1 ,4 ,5 -inosito l tr isphosphate , n itric  oxide (N O ), and car- 
b o n  m o n o x id e  (C O ), although  the ir exact co n trib u ú o n s  
to signal tran sd u c tio n  rem ains controversial.

OLFACTORY BULB AND  
HIGHER CENTERS

D ep o la rizaú o n  of ORNs by odors leads to the generation  
of ac tio n  po ten tia ls , w hich travel along the axons that 
form  the o líaclo ry  nerve p ro jec ting  to the olfactory bulb. 
The axon  te rm in als  form  synapses w ith  mi trai and tufted 
cells in  the o u te r  layer of the o líactory  bu lb , in  discrete 
s tru c tu re s  called  g lom eru li (Fig. 4). M itral and  tu lted  
cells are o u tp u t neu rons, send ing  the ir axons to the

F IG U R E  4  O rganization o f  ihe olíactory bulb. O líaclory re- 
ceptor ncurons form synapses w ith  dendrites oi mitral and tuíted  
ce lls  in g lom cruli located in the outcr layer o f the olíactory bulb. 
Local in terncurons, called perìglom crular cells, ma ke dendroden- 
dritic synapses w ith  m itral/tufted cells in adjacent glom eruli. An- 
other set of in lcrneurons, granule cells, form dendrodendritic  
synapses w ith  m itral/tuíted cells in the deeper layer o f the 
bulb. The co lor  cod ing illustrates ihe fact ihat receptor neurons  
expressing the sam e reccptor m olecu les projecl to the sam c glo- 
m eruli in (he olỉactory bulb. Courtcsy of Ciraeme Lowe, M onell 
C hem ical Senses Cenier, Philadclphia.

next cen te r in  the brain . Several O R N s p ro jec t onto  
one o u tp u t n eu ro n  (convergence), and  it has been 
show n that ORNs express o n ly  one o r very  few olíactory  
recep to r m olecules an d  tha t all ORNs th a t have the same 
recep to rs p ro jec t to the  sam e one or tw o g lom eru li in  the 
bulb. T here are local in te rn eu ro n s , ca lled  perig lom er- 
u la r cells, tha t m ake synapses w ith  the o u tp u t neurons 
w ith in  a g lom erulus. T hese d e n d ro d e n d ritic  synapses 
are reciprocal, w ìth  synap tic  n eu ro tran sm itte r release 
sites on  bo th  sides of the synaptic  cleft. Release of neu- 
ro tra n sm iu e r  from  the  o u tp u t n eu ro n  side has an excit- 
atory effect on the periglom erular cell, whereas release 
o f n eu ro tran sm itte r from  the perig lo m eru la r cell is in- 
h ib iio ry  to the o u tp u t neurons. A ctivation  of these 
synapses can result in la teral in h ib itio n  tha t is sim ilar 
to tha t observed  in the retina. In d eep er layers of the 
bu lb , a second  p o p u la tio n  oí local in te rn eu ro n s, the 
granu le  cells, form s the sam e type of d en d ro d en d ritic  
synapses w ith  secondary  dend rites of o u tp u t neurons. 
The in te rn eu ro n s  are believed to play an im portan t role 
in ihe Processing of o líactory  inform ation .

The signals are íìnally sen t via the axons of the out- 
p u t neu ro n s, w hich form  ihe o líacto ry  tracts, to higher 
cen ters o f the b rain , inc lud ing  parts  of the lim bic system  
and  the o rb ito fron ta l co rtex , w here the in teg ration  of 
olíactory  in ío rm a tio n  w ith  in p u ts  from  o ther sensory 
system s, inc lud ing  taste, lakes place.

THE VOMERONASAL ORGAN

The vom cronasal o rgan  (VNO) is an  im p o rtan t sensory  
system  in m any veriebrates, parú cu larly  in m am m alian  
species (roden ts, cats, an d  horses, am ong  o thers). It is 
often described  as ihe sensory  system  that detec ts  pher- 
om ones, or, in a m ore general sense, “social o d o rs ,” a 
n o tio n  th a t has been  su p p o rted  íor several anim als and 
stim uli. Hovvever, it is im p o rtan t to no te that in  som e 
cases pherom one ĩu n c tio n  can be exerted  th rough  the 
m ain  o lĩacio ry  organ  and  tha t som e volatile s tim uli that 
are n o t considered  behaviorally  relevant can  be detected  
by sensory  n eu ro n s of the VNO.

The presence o f a functional VNO in h u m an s and the 
ex istence of h u m a n  p h erom ones are am ong the m ost 
in tensely  debated  questions in the íìeld of olíaction. 
A natom ical stud ies have described  the p resence of a 
VNO in  a lm ost all sub jects, a lth o u g h  the organ  varies 
greatly  in  size and shape am ong ind iv iduals and  even 
w ith in  the nostrils in an ind ividual. Some g roups have 
found  b ip o la r recep to r-like  cells in  the area of the 
hum an  VNO and electrical activity  has been recorded  
on  s tim u la tio n  w ith derivatives o f h u m a n  horm ones. 
H ow ever, no evidence has been found for an  axonal 
co n n ectio n  w ith the olfactory bu lb  o r o th e r parts of
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the brain . G enes th a t show  sign iíìcan t hom ology w ith  
rec ep to r genes iso lated  from  ro d en t VNOs have been 
id en tiíìed  an d  fou n d  to  be exp ressed  in the o lĩactory  
m ucosa of hum ans. A lthough  m any  are pseudogenes, 
som e appear to code for a íu n c tio n a l recep to r m olecule. 
T hese  recep io rs  have n o t yel been  iso lated  and th e ir 
ligands are un k n o w n .

T he lite ra tu re  con tain s rep o rts  of physiological 
effects (sy n ch ro n iza tio n  of m enstrual cycle) as w ell as 
behav io ral effects o f h u m an  scen ts tha t suggest the ex- 
is tence  of p h ero m o n e-lik e  substances in  hum ans, m ost 
likelv associated  w ith  apocrine secretions of the skin. 
W ith  a VNO th a t appears no n fu n ctio n al because o f its 
lack  o f n eu ro n a l connections, su ch  stim u li m ight be 
d e tec ted  w ith  the olfactory  m ucosa.

INTERACTION OF TASTE, SMELL, AND  
OTHER SENSORY SYSTEMS

Several sensory  system s m ust be activated  to erýoy food. 
G usta to ry , o lĩaclo ry , and  som atosenso ry  ( tem p era tu re , 
touch , and p a in ) system s are activa ied  by chem ical in- 
g red ien ts  in food, d ep en d en t in p a r t o n  the quality  of 
the íood. Each senso ry  system  c o n trib u te s  to p rov ide 
part o f the overall sensation  called ílavor.

T he absence o f only One sensory  system  m ay signif- 
ican tly  affeci the p leasu re  of eating. F o r instance, indi- 
v iduals w ith  an  u p p e r resp ira to ry  in íec tion  m ay 
experience a decrease  in  the ir sense of sm ell, and  there- 
fore a red u c tio n  in  the app recia tion  o f Oavor. This can 
o íten  be co n íu sed  w ith  a loss of taste. Indeed, 9 o u t of 
10 p a tien ts  co m p la in in g  o flo ss  o f taste tu rn  o u t to have 
a sm ell d iso rder. The relative ease w ilh  w hich the olfac- 
tory  system  can  becom e co m p ro m ised  can be traced  
b ack  to  the ana tom y  of the o líacto ry  system . W ith  in- 
hala tion , the o líacto ry  n eu rons, w h ich  have a slow  rate  
of renew al, are  d irec tlv  exposed  to po ten tia lly  toxic 
agents, In ad d itio n , the o líacto ry  nerve is p rone  to phys- 
ical dam age. T his com bination , a long  w ith  [requen t ob- 
s tru c tio n s  of the u p p e r resp ira lo ry  pathw ay , is a m ạjo r 
rea so n  w hy o lfaciory  factors are the  m ain  cause of 
chem osenso ry  d iso rders.

T ex tu re , tem p era tu re , and  ca rb o n a tio n  (w hìch  in- 
duces m ild  p a in ) o f food also affect taste  and sm ell. The 
fat co n ten l o f po ta to  ch ips an d  cream  cheese, the tem - 
p e ra tu re  of ice cream , the ca rb o n a tio n  and  tem p era tu re

of beer, and the spicy natu re  of certain  foods all 
co n trib u te  to the overall en joym en t of eating. M ost 
foods are ap p rec ia ted  slighlly  below  body tem p era tu re  
(36°C ). T his m axim izes the em ission  of volatile com - 
p o u n d s tha t are sensed by the o lfactory  system  after 
sw allow ing. O th er foods, such  as ice cream  an d  beer, 
are best a t low er tem peratu res (closer to 4°C ), w hereas 
tea an d  coffee are m ost app recia ted  slightly  above body  
tem peratu re .

SUMMARY

A variety  o f chem icals act on  taste an d  sm ell. T he pri- 
m ary b in d in g  sites for these stim uli are a large n u m b e r 
of recently  iden tiíìed  cell suríace recep to rs  th a t are 
coupled  w ith  diverse signal iran sd u c tio n  m echan ism s. 
Taste an d  sm ell in te rac t w ith  o th er sensory  system s, in 
particu la r those  for perceiv ing tem pera tu re , tex tu re , 
and  pain. T ogether, they provide an  overall assessm ent 
of the chem osensory  and  som atosensory  p ro p ertie s  
of food.

S ee  A lso  th e  F o llo w in g  A rtic lcs
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Thl, Th2 Responses
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a n tig e n -p r e se n tin g  c e lls  M on on u clea r  p h a g o cy te s , B ce lls , 
an d  d en d r itic  cells . AU can presen t a n tig en  to  m ajor  
h isto co m p a tib ility  c o m p le x  class II restr íc ted  T h elp er  
cells ; vvhich c e ll  lyp e p resen ts a n tigen  d ep en d s on  w h ere  
the a n tig en  íĩrst en co u n te rs ce lls  o f  Lhe im m u n e  sy s iem . 

c y to k in e s  P ro te in s p rod u ced  by T c e lls  and o th e r  im m u n e  
cells ; tran sm it s ig n a ls  that are im p o n a n t for co m m u -  
n ica tio n  a m o n g  ihe c e lls  o f  the im m u n e  sy stem  and  
b e tw e e n  the c e lls  o f  ihe im m u n e sy stem  an d  o th e r  ce lls . 

m ạ ịo r  h is lo c o m p a ú b il ity  co m p lex  P roteín s e n c o d e d  by ih e  
g e n e t ic  loc i in v o lv ed  in re ịec tio n  o f  ío re ig n  or n o n se lí  
tissu es .

s ig n a l tr a n sd u c e r s  and a c liv a to rs  o f  tra n scr ip tio n  P rotein s  
(Stat 1, Stat 4 , and  Stat 6 )  in v o lv ed  in T h l  and T h 2  
d ifferen tia tio n .

T h e lp e r  1 ( T h l )  c e lls  P rod uce p ro in íla m m a to ry  c y to k in e s  
su c h  as in ter ỉero n  Y ar>d in te r le u k in -2 , w h ic h  are 
im p o rta n t in m acrop h age a ctiv a ú o n  as w e ll as in ílam - 
m alory  an d  a u to im m u n e reactions. 

r h e lp e r  2  (Th2) c e lls  P roduce in ier leu k in s  (IL -4 , 1L-5, 1L-9, 
IL -10, and  IL -13), w h ich  are in v o lv ed  in  co n lr o llin g  
h u m o ra l and  allergic im m u n e resp on ses.

S tudies on T helper 1 and 2 (T h l and Th2) cells have 
elucidated the processes involved in  regulation and de- 
velopm ent of T h l and Th2 cells, the cytokine production  
of T h l and Th2 cells, and the effects of T cell responses 
in  the gastro in testinal tract. T h l and Th2 cells are char- 
acterized by the cytokines that they produce. T h l cells 
are p redom inantlv  involved in cell-m ediated responses 
and Th2 cells are predom inantly  involved in hum oral 
responses.

INTRODUCTION

T here  are several subsets of T lỵm phocytes tha t are de- 
fm ed by th e ir  cell surface receptors. C lu sler of differ- 
em ia tio n -3  (CD3) T cell recep tors, ío r exam ple, 
fu n clio n  in  close associa tion  w ith e ith er c lu ste r of đif- 
fe ren tia tion -4  or -8 (CD4 or CD8) surface corecep iors. 
In  ad d itio n , these C D 4+  and  C.D8+ T cells ha ve also 
b een  íu r th e r  characterized  as belonging  to T helper 
(T h l and  T h2) subsets. The developm ent of T h l 
an d  T h2  T cells is regulated  bv a n u m b e r o.f d ifferen t

signaling  pathw ays, inc lud ing  the in te rleuk in -12  
(IL-12) recep to r signaling  pathw ay for T h l  cells and the 
IL-4 recep to r signaling  pathvvay íor T h2 cells. T h l 
and Th2 cell subsets can largely be deíined bv produc- 
tion  o fsubset-speciíic  cytokines. The h a llm ark  cytokine 
of T h l cells is in te rfe ron  Y (IFN y), but T h l  cells also 
p roduce IL-2, tum or necrosis íacto r oc (TNFot), and lym- 
p h o to x in  a  and p. T he signature cy lok ine of T h2  cells is 
IL-4, but Th2 cells also p roduce 1L-5, IL-9, IL-10, and  
IL-13. Each of these cy tok íne responses is associated  
w ith  responses w ith in  target organs. W ith in  the gastro- 
in te sú n a l tract, the T h l response is p red o m in an tly  
pro in ílam m atory . F or exam ple, C ro h n s  disease and 
in iestinal g raft-versus-host đ isease are associa ted  w ith 
increased  p ro d u c tio n  of T h l cytokines, IFN y and 
T N Fa. Th2 responses are im p o rian t in parasitic  infec- 
tions in the in tesú n e  and  in  allergic responses, and m ay 
be an tiin ílam m ato ry  o r selectively in ílam m atory  in ìn- 
ílam m aiory  bow cl disease. For cxam plc, the cytokine 
profile in u lcerative co litis is characterized  by increased 
p ro d u c tio n  of the T h2  cy tokine, 1L-5.

REGULATION OF THI AND  
TH2 RESPONSES
T h l po la rization  is in itially  signaled  by the T cell recep- 
to r (TCR) CD3, after its in te rac tio n  w úh  the an tigen/ 
m ajor h is tocom patib ility  com plex  (M HC) o n  antigen- 
p resen ting  cells (APCs). The second  signal is p ro d u ced  
by a n u m b er of costim ulator}7 m olecules, typiíìed by 
CD28/B7. Im p o n an tly , in  ad d itio n  to these in itia ting  
signals, the two critical cy tok ines that co n tro l T h l 
and  Th2 d iffe ren tia tion  are IL-12 and IL-4, respectively, 
though  o ther cy tok ines have been reported  to pla\' a 
role. These two cy tok ines enhance the generation  of 
the ir ovvn Th subset and sim ultaneously  inh ib it ihe 
genera tion  of the o pposing  subset. T h l cells p roduce 
IFN y and  TNF, w h ich  activate m aerophages bu t inh ib it 
T h2 pro liferation , as illu stra ted  in Fig. 1. T h2  cells pro- 
duce IL-4 and 1I--5, w h ich  induce B cell ac tivation , and 
IL-10, vvhich in h ib its  p ro d u c tio n  of IFNy and  TN F by 
T h l  cells.
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F 1G U R E  1 T hl and Th2 cells produce cytok ines that enhance  
Lhe gencration  o f  their ow n Th subset and sim ultancously  inhibil 
the generation  o f the opposing subset. Adapted from Roitt, el al.
(1 9 9 8 ). “Im m unology.” 5th  Ed, p. 125.

T he critical cy tok ine in itia tin g  T h l d iffe ren tia tion , 
1L-12, a hclerod im eric  m olecu le consisting  of p35 and 
p40  su b u n its , is secre ted  p red o m in an tly  by an tigen- 
p rese n tin g  cells such as d en d ritic  cells and activated  
m acrophages. IL-12 signaling  th ro u g h  the IL-12 re.cep- 
to r (IL-12R) on the T cell induces signal tran sd u cer and  
ac tiv a to r of p ro te in  4 (Stat 4) ac tiva tion  and  transloca- 
tion  to  the nucleus. Stat 4 ac tiva tion  induces h igh  levels 
of IL-2 an d  IFN y p roduction . Im p o rtan tly , n o t all IFN y 
p ro d u c tio n  by T ce lls is  Stat 4 d e p e n d en t, because Stat 6 / 
Stat 4 d oub le -de íìc ien t T cells p ro d u ce  som e 1FNỵ, and 
C D 8 +  T cells are largely Stat 4 in d e p en d e n t for TCR- 
in d u ced  IFN y p ro d u c tio n  (Fig. 2).

A n o th er in trace llu la r tran sc rip tio n  factor has been 
recen tly  found  to be im p o rtan t in  T h l po la riza tion  in 
C D 4 +  T cells bu t no t in  C D 8 +  T cells. T his factor, 
n am ed  T -box  expressed in T cells (T -bet), was iso lated  
u sing  an 1L-2 p ro m o te r-re p o rte r  and  a cDNA library  
from  activated  T h l cells. T -bet is a novel m em ber of 
the T -box  fam ily of tran sc rip tio n  factors. T he target 
for T-bet is h o m eo p ro te in  H1X a n d  it seem s to con trib - 
u te  to the  capacity  of T -bet to in d u c e  IFNy p ro d u ctio n . 
M echanistic  stud ies show  th a t overexpression  of 
T -be t in T cells is sufficient to induce lFN y p roduc- 
tio n  by d irec t transactivation  o f the IFNy gene pro- 
m o te r ìn an IL -12 -independen t fashion. T -bet also

up -regu laies IL-12 recep to r [32 chain  exp ression  on 
T cells (Fig. 2).

IL-1 also appears to be im p o rtan t in  T h l develop- 
m ent. D ifferential ac tions of IL-1 on T cell subse ts have 
lo n g b e e n  recognized, and IL -lR -deficien t m ice d isp lay  
en h an ced  Th2 responses. 1L-18, an  IL -l-re la ted  íaclor, 
has been  recen tly  show n to be a selective ac tiva to r of 
IFN y in T h l ,  b u t n o t Th2, cells. Both IL-1 an d  IL-18 
activate IL-1 recep to r-assoc iated  k inase (IRAK) in  T h l 
cells. IRAK-deficienl m ice have defective IL-18-m edi- 
ated  T h l type responses in vivo.

Im portan tlỵ , IL-12 and IL-18 signaling  p rocesses 
appear to use d istinct pathvvays. F or exam ple, ac tiv a tio n  
of IFNy by 1L-18 has been recen tly  found  to involve 
ac tiva tion  of nuclear factor K'B (N F-kB), w h ich  is the 
collective nam e ĩor a g roup  of tran sc rip tio n  factors that 
co n trib u te  to the contro l of expression  of m-any of the 
genes th a t participa te  in  inH am m aúon and  im m u n e 
respoases, acting  a t d iscre ie  cis-acting  e lem en ts  in 
the IFN y regulatory  region, In  m ost cells, NF-kB factors

Th2

' Th1

APC

F IG U R E  2 An A ntigen-presenting cells (APC) and C D 4' 
T cells secrete factors that slim ulate T helper 1 and 2  (T h l,  
T h2) cells. 1L. Interleukin; R, receptor; TNF, tum or n ecrosis íac- 
tor; 1FN, interĩeron; Stat, signal transducer and activator; T-bet. 
T -box transcripũon íactor expressed in T cells. Adaptcd from  
W eigm ann and N eurath (2 0 0 2 ). “T-bet and m ucosal T h l 
responses in the gastrointcsiinal tract.” Gut 51, 3 0 1 —303.



norm ally  o ccu r in a la ten t form  im posed  by their 
a ss o c ia t io n  w ith  in h ib ito r y  k B ( I - kB) p r o te in s , w h ic h  
d ic ta te  the cytoplasm ic location  of the proteins. 
P h o sp h o ry la tio n  targets the in h ib ito r I-kB for 
p ro teaso m al degradation , in d u c in g  NF-kB activation. 
T N F/T N F  recep to r (TNFR) in teractions also involve 
the  activa tion  of NF-kB (Fig. 2).

IL-4, the critical cy tok ine in d u c in g  T h2  d ifferenú- 
a tio n , signals th ro u g h  the IL-4 recep to r (IL-4R) on the T 
cell and  induces Stat 6 activation  and  transloca tion  to 
the nucleus. Stat 6 activation  induces h igh  levels o f IL-4 
an d  IL-5. In  addition , o ther transc rip tion  ĩactors have 
b e e n re p o r te d  toa ííec t T h 2 cy to k in e  p ro d u c lio n  (Fig. 2).

CYTOKINES INVOLVED IN 
THI AND TH2 RESPONSES

C ytok ines are p ro te ins tha t transm ii signals that are 
im p o rtan t for com m unication  am ong and  betw een 
the cells of ihe im m une system  and  o th er cells. Each 
cy tok ine has m any activ ities and  can act o n  several dif- 
feren t cell types. Some cy tok ines activate and regulate 
in ílam m ato ry  cells, w hereas o thers regulate  the grow th, 
d iffe ren tia tion , and activation  o íly m p h o cy te s  and o ther 
cell types.T he cytokines TN F, IL-1, IL-18, and  IL-6 are 
regarded  as p ro inflam m atory . T h l cy tok ines (IFN y and  
IL-2) are im p o rian t in the activation  of in ílam m atory  
cells. IFNy is well know n  for antiv iral p ro p ertie s  and is 
p ro d u ce d  by C D 4+  and  C D 8+  T cells. It activates 
m o n o n u c lea r phagocytes, increases the expression  of 
h u m a n  leukocy te  an tigen  (HLA) class I an d  II m ole- 
cu les, p rom otes T an d  B cell d ifferen tia lion , activales 
na tu ra l k ille r  (NK) cells and  vascular endothelial cells, 
an d  enhances the resp ira to ry  b u rst in n eu troph ils . O ther 
cy tok ines p roduced  by T h l cells are TNFoc, w hich  
causes activa tion  of m acrophages, g ranulocytes, and 
cy to tox ic T lvm phocytes (CTLs), in íluences endothelial 
cell adhesion , and s tim ula tes M HC class I p roduction . 
L ym pho tox in  a  (LToc), in  com bination  w ith  LTp, is 
im p o rta n l in  m ain tenance and developm ent of the in- 
testinal lymphoid System.

The T h2  cytokine IL-4 is a g row th  and  differentia- 
tio n  factor for B cells but also has activity  as a grow th 
factor for C D 4+  T cells and  m ast cells. IL-4 is kn o w n  to 
act as an im m unog lobu lin  E (IgE) sw itch  íacto r in  tha t it 
selectively stim ula tes B cells to sw itch  to the p ro duction  
of the IgE isotype. In add ition , it sim ulates CD 23 ex- 
p ress io n  on  m ononuclear phagocytes and  B cells. IL-5 
is p ro d u ce d  by C D 4+  Th2 lym phocytes and  in íluences 
the in ílam m atory  response th ro u g h  its ability  to stim u- 
late the grow th , d ifferen tia tion , and  deg ranu la tion  of 
e o s in o p h ils  and to act as an  eosinoph il chem otactic  fac-

tor. IL-5 stim ulates the g row th  and  differen tia tion  of 
B cells and , in the m ucosal im m une system , increases 
IgA secretion  by IgA -com m itted  B cells. IL-10 is re- 
p o rted  to inh ib it T h l cy tokine syn thesis, especially  in  
the m ucosal im m une system . IL-10 has been  recently  
rep o rted  to have som e im m u n o stim u la to ry  activities as 
well. IL-9 enhances T cell survival, m ast cell actívation , 
an d  synergy w ith  erỵ th ropo ie tin . IL-13 (sim ilar to IL-4) 
is p ro d u ced  by activated  T cells and  affects B cell g row th  
an d  differen tia tion  and  inh ib its p ro in iìam m ato ry  cyto- 
k ine  p roduction .

GASTROINTESTINAL THI AND  
TH2 RESPONSES

E vidence tha t im m une m echanism s are im p o rtan t in the 
in itia tio n  and  the p rogression  of ongoing  tissue in jury  in 
in ílam m aio ry  bow el diseases, in testinal graĩt-versus- 
host disease, food allerg ies, and celiac disease derives 
from  the h isto logic and clin ical íea tu res of these diseases 
as well as from  laboratory  stud ịes.

Allergic Responses and Responses to 
Parasitic ln íection

T h2 cells and th e ir responses are ìnvolved in m any 
food allergies, because the Th2 IL- 4 and 1L-5 cy tokine 
responses m ediate im m unog lobu lin  sw itch ing  and eo- 
s inoph ilic  activation. A variety  of hypersensiúv ily  re- 
s p o n s e s  to  in g e ste d  fo o d  a n t ig e n s  (Ig E -in ed ia ted  
responses) have been rep o rted  and  are associated  w ith  
food-specifìc IgE antibodies. T hese IgE an tibodies b ind  
to h igh-affinity  Fc recep to rs on  m ast cells and basbphils 
as w ell as to low -affinity Fc recep to rs  on m acrophages, 
m onocytes, lym phocytes, and eosinophils. W hen  food 
a llergens pene tra te  the m ucosal b a rrie r and reach IgE 
an tibod ies b o und  to m ast cells or basophils, the cells 
are activated  and m ed iato rs are released; this induces 
vasod ila tion , sm ooth  m uscle co n trac tio n , and m ucus 
secretion , lead ing  to sym ptom s of im m ediate hypersen- 
sitivity. W ith  repeated  ingestion  of a food allergen, 
m o n o n u c lea r cells are stim ula ted  to secrete h istam ine 
releasing íactors, a cytokine that in te racts  w ith IgE m ol- 
ecules b o u n d  to the surĩace of basophils and perhaps 
m ast cells. A varieiy o f sym ptom s have been associated  
vvith IgE-m ediated  allergic reactions: shock, u rticaria , 
ang ioedem a, p ru ritic  rash, vom iting , d ia rrhea , nasal 
congestion , tongue and  larvngeal edem a, and  w heezing.

In tesd n a l parasitic in íections are also governed by 
T h l and T h2 responses. Intestinal h e lm in th s are som e 
o f the m ost prevalent and successíu l parasites in  the 
vvorld. T h2  cells are im portan t in the resistance to 
in iestinal helm in th s and  cu rren t data  also show  th a t a



T h l  response is associated w ith suscep tib ility . Target 
d is ru p tio n s  of T h2 cytokines, the ir recep to rs, o r their 
s ig n a lin g  m olecules have h igh ligh ted  the im portance of 
th e  T h2  response in pro tec ting  the bost against para- 
sites, in add ition  to the im portance o f the IL-4-like T h2 
cy to k in e , IL-13. T here are also in d ica tio n s that usual 
m echan ism s of resistance, such as eosinoph ils  and IgE- 
m ed ia ted  hypersensitiv ity  reactions, m ay no t play as 
im p o rta n t a ro le as p reviously  thought.

C eliac Disease

Because bo th  cell-m ediated  and  h um ora l responses 
are though t to play a rolc in celiac disease, bo th  T h l  and  
T h2  responses are consideređ  im p o rtan t in the disease 
p rocess. G liadin  and  rela ted  cereal p ro te in s  are the u n - 
d isp u ted  triggers of celiac disease. In active disease, 
th e re  is an  increased  expression  and  altered  d is tríb u tio n  
o f HLA class II DR m olecules on sinall in testinal epi- 
thelia l cells, w ith  g rea ter expression  of HLA DR on  epi- 
the lia l cells in  ihe cryp l regions. T his p h en o m en o n  is 
likely  secondary  to an increased  T h l cy tok ine response 
(IF N y) by m ucosal T cells. The iso laú o n  of T cell clones 
from  affecieđ in testinal m ucosa th a i can be s tim ula ted  
w ith  g liadin pep tides sup p o rts  a role of g liad in  in te r- 
ac tio n s w ith  T cells in the pathogenesis of the disease. 
F u rth e rm o re , investigators have d em o n stra ted  th a t m u- 
cosal T cells cu ltu red  w ith  specific s tim u li will exh ib it 
T h l  íea tu res and release TNF, and TN F triggered in tes- 
tin a l íìb rob lasts to secrete m atrix  m etallop ro te inases 
(M M Ps) tha t induced  d isrup tion  of connective tissue. 
Increaseđ  focal expression  of MMP-1 and  MMP-3 
m RNA in  íib rob last eells isolated from  the sm all in tes- 
tin a l m ucosa of p aú e n ts  w ith celiac disease has been 
rep o rted , F u rth e rm o re , speciíìc in traep ith e lia l lym pho- 
cy tes th a t are up -regu la ted  in  patien ts  w ith  celiac disease 
m o d u la te  the an tigen-speciíìc im m u n e response by se- 
cre tin g  1L-4, w h ich  dam pens the T h l in  favor o f Th2 
reacú v atio n  and  p ro tec ts  the in testinal m ucosa from  
ch ro n ic  exposure  to dam aging agen ts such  as d ie tary  
g lu ten .

O n the h u m o ra l side, active celiac disease is accom - 
p an ied  by  m ucosal au toan tibod ies to re ticu lin , a com - 
m on  stim u la to r of the ex trace llu lar m atrix . IgA 
an tiendom ysial au toan tibod ies (anti-EM A s) allow  a 
sc reen ing  test for biopsy-proved celiac disease. The 
ro le of the Th2 cells is suggested by the ir ability  to 
regu la te  o ther T cell subsets and  an tib o d y -p ro d u c in g  
B cells.

Crohn’s Disease

C ro h n s  disease also appears to involve b o th  T h l-  
and  T h2-m ed ia ted  responses. Im portan tly , patien ts

w ith  Crohrvs disease have been no ted  to beneíìt 
from  the inh ib ition  of a p ro in ílam m atory  T h l  cyto- 
k ine TNF, and  thereíore T h l-m ed ia te d  responses are 
likely very im p o rtan t in this disease. The in ílam m a- 
tory in filtra te in C ro h n ’s disease has characleristics of 
an  activaied  pheno type, likely due to a response to the 
sam e an tigens over a period  of tim e, inasm uch  as there 
is clonal expansion  o f C D 4 +  lym phocytes in the  pe- 
r ipheral blood. Im portan tly , the T h l cy tok ine IL-2 
mRNA is up -regu la ted  in  active CD and  the T cells 
show  a hyperreactive response to IL-2. A clin ical re- 
m ission occu rs in patien ts  w ho have fewer IL -2-secret- 
ing T cells. F u rth e rm o re , the T h l cytokine lF N y has 
been show n to be a critical in itia to r and p erp e tu a to r  of 
the disease. T here is a spon taneous release o f IFN y 
and  increased  IFN y rnRNA expression  by lam ina 
p ro p ria  m o n o n u c lea r cells and  the p resence of 
IFN y-secreting  T cells in actively inflam ed m ucosa. 
F u rth e rm o re , there is an  enhanced  sp o n tan eo u s pro- 
du ctio n  of 1L-12 (the critical regu la lo r of T h l devel- 
opm en t) in patien is w ith  C ro h n ’s disease. IL-18 
(an o th e r regu la to r o f T h l developm ent) also appears 
to be up-regu lated  in  C ro h n s  disease.

T he Th2 responses m ed iated  th ro u g h  IL-4 and  IL-5 
have also been repo rted  in  som e patien ts w ith  C ro h n ’s 
disease. For exam ple, there is increased p ro d u c tio n  of 
lgG2 in the in testine , along w ith a m assìve n u m b e r oi 
p lasm a cells. O ther stud ies have dem onstra ted  an in- 
crease in  p ro d u cú o n  of o th e r im m unog lobu lin s  (IgA, 
IgM, and  particu la rly  IgG). R ecurren t C ro h n ’s disease 
is associated  w ith  eosinophilic  in filtra tion  an d  high 
IL-5 mRNA levels by in situ  hybrid ization . H ow ever, 
IL-5 p ro d u c tio n  by cu ltu red  m ucosal cells ís decreased  
in  C ro h n ’s disease.

1L-10 has also been  no teđ  to play  a role in C ro h n ’s 
disease. IL-10 has bo th  anti- and p ro in flam m atory  ef- 
fects, dep en d in g  on local concen tra tions of IL-10, the 
types of an tigens present. in  the m ic roenv ironm en t, and 
the activation  State of the im m une cells in  the v icinity . In  
the co lons of som e patien ts w ith C ro h n ’s disease, ihere 
are already h igher levels o f IL-10 com pared  w ith  Con
trols and  the m ononuc lea r cells iso lated  from  the ileum  
of patien ts w ith  C ro h n s  disease appear to be non resp o n - 
sive to 1L-10. Im portan tly , low ileal IL-10 concen tra - 
tions have been  show n  to p red ic t relapse after ileocecal 
resection  and  there is reduced  IL-10 p ro d u c tio n  w ilh in  
the activated  T cell subse t in  patien ts w ith  C ro h n ’s dis- 
ease in  rem ission .

Intestinal Graft-versus-Host Disease

As in  m any inA am m atory d iso rders in  o the r organs, 
in testinal g raít-versus-host disease (GVHD) appears to



in v o lv e  c o m p le x  in te ra c tio n s  a m o n g  im m u n o lo g ic , en - 
v ir o n m e n ta l, a n d  g e n e tic  c o m p o n e n ts . T c e ll  c y to k in e s  
a ffect th e  d e v e lo p m e n t  o f  G V H D . B oth  T h l  an d  T h 2  
c y to k in e -m e d ia te d  o c c u r r e n c e s  o f  G V H D  h a v e  b e e n  re- 
p o r te d , b u t in te s t in a l G V H D  ap p ea rs to  be m e d ia ted  
p r e d o m in a n t ly  th r o u g h  T h l  c y to k in e s .

T h e  im m u n o p a th o p h y s io lo g y  o f  in te s t in a l G V H D  
in v o lv e s  p r e se n ta tio n  o f  a n tig e n  to m a jo r  h is to c o m p a t-  
ib ility  c o m p le x  c la ss  II d isp a ra te  C D 4 +  T c e lls , w h ic h  
c a u se s  a c t iv a tio n  o f  th e  C D 4 +  T c e ll a n d  in d u c tio n  o f  a 
T h l  c y to k in e  p r o íìle . T h e p r o in íìa m m a to r y  c y to k in e  
re lea se  a lso  c a u se s  an  a c t iv a tio n  o f  se c o n d a r y  e ffe c io r  
c e lls ,  in c lu d in g  th e  m a c ro p h a g e , the N K  c e ll, and  the  
C D 8 +  T c e ll. T N F -d e p e n d e n t  in c re a se s  in  m em b ra n e  
p e r m e a b ilitỵ  o c c u r  early  in  th e  d ise a se  p r o c e s s , vvhich  
l ik e ly  le a d s  to p r e se n ta t io n  o f  m icr o b ia l p r o d u cts  to  
m a c r o p h a g e s , vvhicb turther  in d u c e s  C D 4 +  T h l  cell  
r e s p o n s e s  in  th e  in te s t in e . A T h l  c y to k in e  p r o íile  h a s  
b e e n  n o te d  in  th ese  in te s t in a l ly m p h o c y te s  o f  m a n y  
m o d e ls  o f  G V H D . T h e im p e tu s  for th e  T h l  p o la r iz a t io n  
h a s b e e n  s h o w n  to  in v o lv e  b o th  IL -1 2  an d  T N F . lm p o r-  
ta n tly , T N F  h a s b e e n  sh o w n  to b e  e ffic a c io u s  in  the  
a m e lio r a t io n  o f  in te s t in a l G V H D  in  h u m a n  trials.

Ulcerative Colitis

The T h2 cytokine 1L-5 is up-regu lated  in u lcerative 
colitis (U C ), thus provid ing  evidence that u c  is m edi- 
ated  th ro u g h  these responses. lnvesúgato rs have re- 
po rted  th a t IL-5 p ro te in  p ro d u ctìo n  is increased in 
cu ltu red  m ucosal cells from  patien ts w iih ư c  and 
that the 1L-5 mRNA is elevated in b iopsies from patien ts 
w ith  u c .  IL-4 mRNA has also repo rted  to be elevated in  
the d iseased colon o f u c .  F u rth e rm o re , speciíìc anti- 
body responses m ediated  by  IL-4 are no ted  in u c  b u t are 
no t no ted  in  o the r in ílam m atory  diseases. A ntineu tro- 
ph il cy top lasm ic an tibod ies (ANCAs) have been  re- 
p o rted  in  the serum  of a h igh  p ro p o rtio n  of patien ts 
w ith  u lcerative colitis and sclerosing  cholangitis. M ore- 
over, the perinuclear (p-ANCA) p a tte rn  of im m unoílu- 
o rescen t sta in ing  no ted  in  m any UC. patien ts differs 
from  the cy toplasm ic sta in ing  seen in  pa tien ts w ith

W eg en er’s granuloraatosis . u c  p a tien ts  have been re- 
p o r te d  to h a v e  a se r u m  IgG  a n tib o d y  that sp e c iíìc a lly  
r ea c ts  w ú h  their  d ise a se d  c o lo n ic  t is su e  b u t n o t w ith  
n o rm al colon. Im portan tlv , speciíìc IgG l appears to be 
u p -r e g u la te d  in  a c tiv e  u lcera tiv e  c o lit is .

See Also the Follow ing Articles

C eliac D isease •  C ro h n s D isease •  C o litis , u lcerative  •  
E ndom ysial and Related A ntibodies •  Food Allergy •  Mast 
C ells •  Tum or N ecrosis Factor-a (T N F -a)

Further Reading

Fiocchi, c .  (1998). Indammatorỵ bowcl discase: Etiology and 
pathogenesis. Gastroenteroìogy 115, 1 8 2 -2 0 5 .

Glimcher, L. H., and Murphv, K. M. (2000). Lineage commilment in 
thc immunc system: The T helper Ivmphocyte grovvs up. Genes 
Dev. 14(14), 1 6 9 3 -1 7 1 1 .

Hsieh, c .  s., Macatonia, s. E.. Tripp, c .  s., W olf, s. F., 0 ’Garra, A., 
and Murphy, K. M. (1993). Development o f THL CD4+ T cells 
througli IL-12 produced by Lis(frifl-induced macrophages. 
Science 260, 5 4 7 -5 4 9 .

Kaplan, M. H., Wurster, A. L., and Grusby, M. J. (19^8). A signal 
transducer and activator ọf transcription (StalM-independent 
paihway for thc developm ent of T hi-lpcr lypc 1 cells. J. Exp. 
Med. 188 1191—1196.

Maggi, E., Parronchi, P-. Manetti, R.. Simonelli, c . ,  Piccinni, M. p„ 
Rugiu, F. s., DeCarli, M., Ricci, M., and Romagnani, s. (1992). 
Rcciprocal regulatory elĩects of ÌFN-y and 1L-4 on 1 he in vi tro 
dcvelopm em  of human Thl and Th2 clones. /. Immunol. 148, 
2142.

Parronchi, p., ĐcCarli. M.. Manctti. R S im o n e lli, Sampognaro, 
s ., Piccinní, M. p„ Macchia, D., Maggi, E., Del Prctc, G., and 
Romagnani, s. (1992). IL-4 and IFN (alpha and gamma) excrt 
opposite regulatory effects on ihe development of cvtolytic 
potenlial by Thl or Th2 human T cell clones. J. hnmunol. 149, 
2977.

Pmvrie, F., and Coflman. R. L. (1993). Cytoklne regulaúon ol T cell 
íunction: Potential for therapeutic intcrvcntion. ỉmmunoì. Today 
14, 2 7 0 -2 7 4 .

Seder, R. A., Gazzinelli, R., Shcr. A., and Paul, \v . E. (1993). 1L-12 
acts directly on CD4-H T cclls to enhance priming for IFN-y 
produrtion and diminishes IL-4 inhibition of snch priming. 
Proc. Natl. Acacl. S à . Ư.S.A. 90, 1 0 188-10192 .

Zhong, z., Wen, z., and Darncll. J. E. (1994). StaO and 
Stat4: Members oí’ the familv of signal Iransduccrs and 
activalors of transcription. Proc. Natl. Acad. Sci. U.S.A. 91, 
4 8 0 6 -4 8 1 0 .



Toxic Megacolon
C h r ist o p h  G a sc h e

Schoo l oị M eclicine, U n ivcrs ity  o f  V ienna

inducible nitric oxide synthase Kev e n z v m e  for production 
o f  n itr ic  o x id e , a p o te n l e n d o g e n o u s  v a so d ila to r  that acts  
th ro u g h  sm o o th  m u sc le  re la x a tio n . T he sy n th a se  exp res-  
sion is up-regulated through inflammatorv processes. 

p o ly m e r a se  ch a in  rea c tio n  Laboratory m e th o d  for a m p liíĩca -  
tiorv of genetic sequences from varioụs sources (cells, 
plasma, 1'eces, etc.). 

s y s te m ic  in fla m m a to ry  r e s p o n s e  sy n d r o m e  S ystem ic  
rea ctio n  o ccu rr in g  a íter a variety  o f  in su lts , in c lu d in g  
infection, trauma, ischemia, or immune-mediated organ 
injury; involves One ore m ore of the following clinical 
manifestations: (a) a body temperature > 3 8 °c  or 36°C; 
(b ) a h e a n  rate o f  > 9 0  b eats/m in; (c )  tach yp n ea  
> 2 0  breaths/m in; (d) w h ite  b lo o d  ce ll c o u n ts  
> 1 2 ,0 0 0  c e lls /m m 5 or < 4 0 0 0  c e l l s /m m \ T h ese  p h v sio -  
logic changes should represent an acute alieraúon from 
the baseline in the absence of other knovvn causes for 
such abnormaliLies. 

toxic megacolon Dilatation of ihe colon during the course of 
lulminam colonic inílammation.

Toxic m egacolon refers to d ila ta tion  of the colon during  
the coursc of íu lm inant colonic inílam m ation, typically 
characterized by severe diarrhea, abdom inal d istension  
and tenderness, and total or segm ental colonic d ila ta tion  
w ith o u t d istal obstruction. This rare but po ten tia lly  lethal 
cotnplication of infectious colitis o r inílam m atory bowel 
d isease is associated w ith  sym ptom s of the system ic in- 
ílam m atory response svndrom e such as fever, clevation or 
d rop in  w hite blood cell count, anem ia, tachycardia, and 
hypotension . The colonic d ila ta tion  that may occur in 
patien ts  w ith  H irschsprung s disease, chronic constipa- 
tion  of any cause, or in testinal pseudo-obstruction  is fun- 
dam entallv  d iííeren t from toxic inegacolon, in that colitis 
or system  ic signs of system ic inílam m atory response 
syndrom e do no t accom pany these disorders.

PATHOGENETIC MECHANISMS

T he te rm  “tox ic” po in ts  to the pathogenetic  m echan ism s 
u n d erly in g  colonic d ila ta tion . W hereas typical co litis is 
lim ited  to ihe m ucosal layer, tox ic m egacolon  is char- 
ac te rized  by in ílam m ation  ex ten d in g  in to  the sm o o th  
m uscle and therebv lead ing  to m otility  d is tu rb an ces,

inc lud ing  atony  and  various degrees of m yocyte degen- 
era tion . The ex tern  of d ila ta tion  relates to the severity  
and  d ep th  o f in ílam m ation  and to the exp ression  of 
inducib le  n itr ic  ox ide synthase (iNOS) in the co lon ic  
m uscu laris  p rop ria . iNOS may locallv generate  exces- 
sive am o u n ts  of n itric  oxide, w h ich  is know n to in d u ce  
sm oo th  m uscle relaxation , and  m ay be responsib le  íor 
the co lonic paralysis. In  an im al m odels, h igh  levels of 
iNOS exp ression  have been reduced  by bow el decon- 
tam ina tion  w ith  oral nonabsorbab le  an tìb io tics o r ad- 
m in istra tion  of dexam ethasone , and iNOS in h ib ito rs  
p reven ted  co lon ic  d ila ta tion .

INCIDENCE
T here is no reliable in lo rm aú o n  on the írequency  of 
toxic m egacolon. R etrospective analyses d one  d u rin g  
the 1960s and 1Q7ƠS reported a prevalence o f 10 cases 
in 100 u lcerative colitis pa tien ts  in respective cen- 
ters. Based on  th is a u th o r’s personal observa tions since 
1990 in a E u ropean  in ílam m atory  bow el disease (1BD) 
referral cen ter, the estim ate is a prevalence o f 1 case in  
1000 patien ts. w h e n  analyzing the lite ra tu re  on toxic 
inegacolon, it is seen that m ost of the know ledge that 
gathered  since 1965 is ex tracted  from  case rep o rts  
(Fig. 1). O nly 30 orig inal pub lica tions are iden tifiab le, 
m ost o f w hich  are retrospective analyses of sm all diag- 
nostic o r in te rv en tio n a l series. No prospective s tu d y  has 
ever b een  pub lished  on toxic m egacolon in  h um ans. The 
pub lication  frequency  (and  possibly also the inc idence) 
has d ro p p ed  íu rth e r  since 1990 (Fig. 2) and  since tha t 
tim e, m ost series have d eah  w ith  various non-lB D - 
rela ted  causes of tox ic m egacolon. The trem en d o u s 
im provem ents in  IBD avvareness, diagnosis, and  clìn ical 
m anagem ent m ay have m ade th is life -th rea ten ing  
com plication  d isappear and  m ay have sh ifted  the 
m ost com m on cause of toxic m egacolon to in fec tious 
causes such  as Clostridium  dijfiálc.

ETIOLOGY

Toxic m egacolon  is not a specilìc com plication  o f ul- 
cerative co litis b u t may appear in  the course o f any
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F IG U R E  1 Publications on tox ic  m egacolon  bctw cen 1965  
and 2001. Betw een 1965 and 2001 , 251 arlicles were retrieved  
form the PubM ed database (w w w .n cb i.n lm .n ih .gov) usin g  “toxic  
m egacolon’’ or “toxic < a n d >  dilaiation < a n d >  (co lon  < o r >  
co litis)” as search terms. A rúcles w ith  English language publica- 
tion werc íurther analyzed. O f 174 English language articles, 30  
(17%) wcrc idenliRed as original publications, 123 (71% ) wcre 
case reporis, and 21 (12% ) were review s. The 30 original com ri- 
butions werc o f  a retrospective nature.

in ílam m ato ry  lesion o f the co lon ic w all, inc lud ing  
C ro h n s  disease, in d e term in a te  colitis, B ehẹe ts  disease 
w ith  co lon ic involvem ent, and  colitis due to ischem ia 
(Table I). It has been  learned  in recen t years that
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F IG U R E  2  English language literature on tox ĩc  m egacolon  
over 5-year-periods. M ost o f the reports on inílam m atory bow el 
disease-associated  toxic m egacolon  were published  in thc 1970s 
and 1980s. N oiab ly  fewer reports havc been publishcd sin ce 1990, 
and m ost o f  them  have dealt vvith various in íectiou s causes o f toxic  
m egacolon rather than inílam m alory bow el disease.

TABLE I Etiology of Toxic Megacolon

In ĩectiou s N on in ícctiou s

Víral InAammatory bowel disease
C ytom egalovirus ulccrative colitis,
AIDS related (includes C ro h n s colitis,

K aposi’s sarcoma) indeierm inate colitis
Bacteria B ehcets disease

C ỉostridium Ischem ic colitis
dijỊjfỉdle-associated Drug induced
pseudom em branous chem otherapy ,
co litis meLhoirexate,

C am pylobacter , Sahm m clla, loperam ide, overdose of
ShigclUt, Yersinia tricyclic anúdepressants

Parasitic
E nlam oeba histolytíca,

C ryptosporidium

pseu d o raem b ran o u s colilis due to c. difjiciỉc infecúon 
is a m ajo r cause of toxic m cgacolon. In a retrospective 
eva lua tion  from  the H arvard M edical School, 21 of 710 
p a tien ts  w ith p seudom em branous colitis (3%) had re- 
q u ired  in lensive care subm ission  o r even had died  from 
th is com plication . A m ong patien ts  w ith  H1V in íection  or 
A1DS, cy tom egalovừus colitis is the leading cause of 
tox ic m egacolon. Evidence of cytom egalovirus in íecúon  
of the co lo n  has also been lound  also in resected colons 
from  patien ts  w ith  ulcerative colitis and loxic mega- 
co lon , p e rh ap s im plying that cytom egalovirus supcrin- 
íec tio n  m ay be the actual cause of th is  com plication  of 
u lcerative  colitis. O ther im m une-com prom ised  patien ts 
are also at risk. AIDS-related toxic m egacolon m ay arise 
from  K aposi’s sarcom a of the co lon  o r  cryptosporid iosis.

D IA G N O S T IC  PRO CEDURES

P atien ts have d istension  of the colon as m easured  on 
p la in  abdom inal films (Fig. 3) and  som e signs of sys- 
tem ic in ílam m ato ry  response syndrom e (S1RS) (e.g., 
fever, tachycard ia, tachypnea, o r w h ite  blood cell count 
a lte ra tio n ) associated  w ith hypo iension , electrolvte im- 
balances, o r a decreased level of consciousness. Besides 
p la in  abdom ina! films, Compu te r  tom ography (CT) 
scans are app ro p ria te  for early detec tion  of life-threat- 
en in g  in lraabdom ina l com plications such as colon ic 
p e rĩo ra tio n  o r sep tic th rom bosis of the portal vein. Fac- 
to rs th o u g h t to increase the risk  o f com plications in- 
clude p ro ced u res  that increase co lon  traum a, such  as 
b a riu m  enem a and colonoscopv, m edications that de- 
crease gastro in testinal m oúlily , and  electrolyte im bal- 
ances. C olonoscopy , hovvcver, has heen proposed  io r
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F IG U R E  3  Toxic m cgacolon. C olonic d ilataúon ( 9 c m  in the 
cecum , or 8 cm  in the transverse c o lo n ,or 7 cm  in thc clescending  
c o b n , or 6.5  cm  in the sigm oid  co lo n ) w ith intralum inal air and/or  
ílư.d is typically associatcd  vviih a distortcd co lon ic con iou r. Cour- 
tesv o f  p. Pokicser, U niversity of V ienna.

diagnostic p u rp o ses an d  for th e rap eu tic  decom press ion  
and m ay be used w ith  cauúon .

T he d ifferential d iagnosis of toxic rnegacolon  is 
based on the p a tie m ’s h is to ry  (w ith  specific consider- 
ation  of in ílam m ato ry  bow el dĩseases, AIDS, o r im m u- 
nosuppression ) and  the resu lts  o f m icrobio log ical stoo l 
tests (includ ing  the d e tec tio n  o f c. dífftcŨ£ tox in ). 
D ugnosis of cy tom egalovirus (CMV) in íec tion  m ay 
include serology, p h o sp h o p ro te in -6 5  d e tec tio n  in 
leukocytes, and  cy tom egalov irus polym erase ch a in  re- 
action  (PCR) írom  p lasm a an d  feces. T im ely co lono- 
scopy, though  associa ted  w ith increased r isk  of 
períb ration , m ay be crucial in  patien ts  w ith  negative 
diagnostic results.

TREATMENT

M cdical m an ag em en t of tox ic m egacolon d ep en d s  on 
the ap p ro p ria te  e tio log ical d iagnosis (see T able 1). E ven 
if ihe d iagnosis is obscure , in trav en o u s an tib io tics such  
as m etron idazo le an d  cip ro íloxac in  are safe to be initi- 
atcd righ t a íter the p rim ary  d iagnostic  p ro ced u res . In 
case of c. difficile co litis, the offending  an tib io tic  m ust 
be stopped  and vancom ycin  shou ld  be added  vía the 
nasogastric lube. A ntiviral therap ies are in d ica ted  in

cv tom egalovirus colitis. In travenous ste ro id s arc still 
the íĩrst-linc trea tm en t of severe in ílam m ato ry  bovvel 
disease. In severe u lcerative colitis, h igh-dosc cyclo- 
sporine  has proved helpfu l in  avo id ing  em ergency 
colectom y an d  sh o u ld  the re ío re  be added  to stero ids. 
T hough  s tud ies are lacking, in ílix im ab m ay have ad- 
vanced  to second-line  therapy  in se v e re  co lon ic C ro h n s  
disease.

P atien ts sh o u ld  be m o n ito red  in  the in tensive  care 
u n it for fluid vo lum e, electro ly te  rep lacem en t, hem o- 
globin levels, and  bow el d istension  (p la in  abdom inal 
X rays every 12 — 24 h o u rs). F u rth e r  su p p o rtiv e  care in- 
cludes paren tera l n u tr itio n , bow el resi w ith  nasogastric 
tube, and  colon ic decom pression  e ither by írequen t 
“ro llin g ” of the patien t to ihe p rone  position  o r  to the 
k n e e —elbow  position  o rb y  endoscopy . M edica tion  that 
slow s m otility  shou ld  n o i be used.

Surgical in te rv en ú o n  is necessary  if th e re  are signs of 
Progressive dilatation, system ic deterioraiion, períora- 
tion , o r hem orrhage . In the em ergency setting , sub to ta l 
colectom y w ith  B rooke ileostom y an d  H arim a n n  clo- 
su re  of the rec tum  is the p ro ced u re  of choice. Surgery 
after co lon ic perfo ra tion  is associated  w ith  h ig h e r m or- 
tality. It is regarded  an  art to find the o p tim al tim ing  for 
such  a su rg ica l p rocedure . P req u en t cooperative assess- 
m en ts  of the p a tie n ts  sia tu s  betw een  m edical and 
surg ical leam s are the key to reducc m o rta lity  in  the 
long run.
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B c h ẹ et’s  D ise a se  •  C o le c to m y  •  C o lit is , In d e term in a te  •  
C olitis , u lcera tive  •  C olon ic  lsch em ia  •  C rohn’s D isease •  
Cytomegalovirus

Further Reading

Beaugerie, L-, Ngo, Y., Goujard, F., Gharakhanian, s .,  Carbonncl, F., 
Luboinski, J., Malafosse, M., Ro2cnbaum, w . ,  and Le Quintrec, 
Y. (1994). Etiology and managcmcm of toxic m egacolon in 
paticnts with human ìmmunodeRcicncy virus infeclion. Gastro- 
enterology 107, 8 5 8 -8 6 3 .

Greenstcin, A. J., Sachar, D. B., Gibas, A., Schrag, D., Heimann, T.. 
|anowitz, H. D., and Aufses, A. H., Jr. (1985). Outcome of toxic 
dílatation in ulceraúve and C rohns colitis. j . Clin. Gastroenlerol. 
7, 1 3 7 -1 4 3 .

Imbriaco, M., and Bakhazar, E. J. (2001). Toxic megacolon: Role of 
CT in evaluation and deteclion of com plicaiions c lin . Imaging 
25 , 3 4 9 -3 5 4 .

M ourelle, M., Casellas, F., Guarner, F., Salas, A., Riveros-Moreno, 
V., Moncada, s ., and Malagelada, J. R. (1995). lnduction of 
n itrie  oxide synthasc in colonic sm ooth  m uscle from paticnts 
with toxic megacolon. Gasíroentcrology 109, 1 4 9 7 -1 5 0 2 . 

Rubin, M. s., Bodenstein, L. E., and Kent, K. c .  (1995). Severe 
Clơstridium difficile colĩtis. Dis. Colon Rectum  38, 3 5 0 -3 5 4 .  

sheth. s . G-, and LaMonl,J. T. (1998). Toxic megacolon. Lancet 351, 
5 0 9 -5 1 3 .



Trace Minerals: Metabolism and Deíìciency 
(Copper, Zinc, Selenium, Manganese)
Robert B. Rucker and Louise Lanoưe 
University oỊ Cali/ornia, Davis

a n tip o r t T ransp ort that is d ep en d en t on  the cou n tertransp ort 
o f  anoLher su b stra ie  across a m em b ran e barrier. 

cis-acting/trans-acting elements F actors that regu la le  gen e  
e x p r e s s io n  in eu k aryotíc  ce lls , by the in tera cú o n  o f  
sp e c iíĩc  p ro te in s (tran s-actin g  e lem en ts)  w ith  sp ec itìc  
sh o r l n u đ e o t id e  se q u en ce s (c is-e lem en t m o d ls ) , u su a lly  
in  th e  p rom o ter  reg ion  o f  genes. 

e g r e s s  C ellu la r  export; from  the Latìn egressus: 
in it ia t io n /e lo n g a t io n  ĩactors P rotein s in v o lv ed  in the in itia -  

tion  a n d  sy n th esís  o f  p o ly p ep ú d e  ch a in s at the lev e l o f  
ư a n sla tio n .

n atu ra l r e s is ta n c e -a sso c ia te d  m acrop h age p ro te in s  N o v el 
fam ily  o f  p ro te in s (N r a m p l, N ram p2, and  yeast p ro te in s  
S m fl and Sm f2); íu n ctio n a lly  related transporters, 
d e íìn e d  b y  a co n serv ed  h yd ro p h o b ic  core o f  10 
tran sm em b ran e dornains, thaL target Fe, M n, and Zn. 

P-ATPases F a m ily o fa d e n o s in e  tr ip hosp h ate-d ep en d en tin eL al 
tran sp orters thai have sp ec iíìc ity  for d íva len t ca tion s. 

rea c tiv e  o x id a n t  sp e c ie s  C o m p o u n d s d erived  from  o x y g cn -  
m e d ia te d  reacú o n s. 

tra n sm em b ra n e  p ro te in s  P ortions o f  the p o ly p e p lid e  ch a in , 
u su a llv  lip o p h ilic  in nature; capab le o f  traversing ih e  ce ll 
m em b ran e lip id  bilayer, o ften  m u ltip le  tim es. 

z e ta -in tc r a c tin g  p ro te in s  F am ily  o f  m etal transporters w ith  a 
h ig h  av id ity  for z in c . 

z in c  íìn g er  m o tifs  Structural d o m a in s  a ssocia ted  vvith 
sp e c iíìc  D N A —p rote in  tran scrip ú on  íactor  in iera cú o n s  
that are d ep en d en t on  z in c  for structural in tegrity .

Regulatory ĩeatures are im portant to copper (C u), zinc 
(Zn), m anganese (Mn), and selenium  (Se) m etabolism  
and the ir m etabolic functions. From a nu triúonal perspec- 
tive, norm al grovvth, developm ent, and m any aspccts of 
d isease prevention require susiained in takes of Cu, Zn, 
Mn, and Se in am ounts suffìcient to meet the recom- 
m ended dailv  requirem ents and allovvances for each of 
these elem ents. The sophistication  of regulatory mecha- 
n ism s to m aintain  cellular hom eostasis for Cu, Zn, Mn, 
and Se is in  keeping w ith the unique and broad range of 
functions they pertorm  as coíactòrs.

C O PPER

Metabolic Roles and Dietary Defìciency

C opper is essential as a rcdox coíactor in enzym es 
th a t usually  íunc tion  as oxidases. The signs and

sym ptom s o f Cu deíìciency reílect pertu rbations in  the 
acúvity o f C u-con tain ing  oxidases an d  range from  poor 
energy u tiliza tion  to im paired  p ro tcc tion  from  oxidative 
free-radical dam age. Speciíìc exam ples include reduced 
cy tochrom e oxidase activity, defects in extracellu lar 
m atrix  íorm atiori, abnorm al p ro d u ctio n  of brain neuro- 
transm itters , and  poor iron  utilization. A lthough Cu de- 
íìciency in hum ans is uncom m on, experim entally  
induced  deíìciencies o f Cu in anim als resu lt in  anem ia, 
deíective bone developm ent, and  vascular accidents 
and aneurysm s.

C u deíìciency  is im p o rtan t to all aspects of grow th 
and  developm ent. In  the fetus an d  neonate, Cu defì- 
c iency can resu lt in in ap p ro p ria te  p a tte m s  of cell death , 
a ltera tions in  the m igration  of n eu ra l crest cells, and 
changes in  the  expression  o f key p a tte rn in g  genes. 
T hese deíec ts  can  be a ttr ib u ted  to b o th  m orphological 
abno rm alities and re la ted  ep igenetic  o r developm enial 
changcs in DNA, e.g., in m ethy la tion  pattcrns.

For h u m an s, the estim ated  safe and  adequate in take 
for Cu is 1.5 —3.0m g/day . This is in keep ing  w ith  the 
req u irem en t for op tim al g row th  in  m ost anim als of 
4 - 8 m g /k g  of d ty  food o r 0.5 —1.0 m g per 1000 kcal 
(4.2 MJ). A lthough  n u lritio n al surveys índicate thai 
m any ind iv iduals consum e 1.0 m g o r less of copper 
p er day, it is no t diffìeult to m eet the recom m ended  
level of in tak e  given the am o u n ts  of C u in m any 
foods; for exam ple , nu ts , shellíish , organ m eats, and 
legum es co n ta in  from  0.3 to 1 rag per typical serving. 
C ond im en ts (various spices) an d  chocolate also have 
appreciab le  levels o f Cu.

Cellular Transport and Regulation

Cu u p tak e  occu rs th ro u g h  b o th  high- and low- 
affinity tran sp o rt system s. E nv ironm ental factors can 
in íluence the response to tran sp o rte rs . M ost im portan t 
are ĩactors that in íluence  so lub ilitv  and redox  State. 
Cu exists in  two d ifferen t valence states; the cup ric  
ion  (C u + ) is the p rim ary  su b sira te  for the transport 
system s th a t take C u across p lasm a m em branes. Reduc- 
tion  (C u 2+ —» Cu 4')  is catalyzed bv p lasm a m em branc 
reductases. H ow ever, cu p ro u s ion (C u ) in the in tes- 
tinal lu m en  is m ore soluble th a n  cupric  ion (C u ") .



C hem ical red u c tio n  o f lu m in a l co n ten ts  (e .g ., by reduc- 
ing agcnts such  as asco rb ic  acicl) can decrease the 
am o u n t o f b ioavailab le C u th a t m ay be po ten tia lly  
delivered  to the sưrface o f  in te stin a l celỉs.

F rom  a co n cep tu a l perspective , rec en t stud ies in 
yeast have sh ed  light on  p ro te in s  involved  in  the process 
o f C u tran sp o rt. F o r exam ple , in Saccharomyces 
cerevisiae, h igh-affin ity  C u ion  u p tak e  has been  charac- 
terized  as te m p era tu re  an d  ATP d ep e n d en t. Cu ion up- 
take appears to be c o u p led  w ith  K 1 efflux w ith  a 1 : 2 
sto ich iom etry , suggesting  th a t th e  p ro cess  m ay take 
place via a C u +/2K  ' a n tip o rt m ech an ism . In yeast, 
ihe gene for Cu reduc tase  activ itv , d esignated  FRE ] , 
is regu la ted  by thc M ac l tran sc rip tio n  íac to r in  response 
to cellu lar Cu levels. The en try  o f Cu ỉn to  cells is or- 
chestra ted  by the ac tion  of F re l ,  the  Cu reduc tase , w hen  
C u co n tac ts  h igh-affin ity  C u tran sp o rte rs , cu rren tly  
cỉesignated as C trl ancl C tr3  (C tr2  is a low -affin ity  trans- 
p o rie r) . C t r l ,  C tr2, and  C tr3  are p ro d u c ts  o f CTR genes. 
H igh-affin ity  Cu u p tak e  is íac ilita ted  by  C tr l  and  
C tr3 an d  is sa tu rab le ; w ith  a Km of 1—4 ịim ol/liter. 
U nder C u-lim iting  co n d itio n s , th e re  is ev idence that 
the tran sp o rte rs  and  p ro te in s  involved  in  Cu redox 
are up -reg u la ted , w hereas u n d e r  C u -rep le te  cond itions, 
thev are dow n-regu lated .

In ad d itio n  to the tran sp o rte rs , ce lìu la r chaperones 
speciíic for C u deliver C u  to speciíìc  ce llu la r p ro teins. 
C)ther im p o rtan t íea tu res  o f  Cu reg u la tio n  in c lu d e  the 
role ol in e ta llo th io n e in , a m e ta l-b in d in g  p ro te in  for Cu, 
Zn, an d  Cd tha t ac ts to b u ĩíe r  ab no rm al sh ifts in  the 
ce llu lar co n c en tra tio n s  o f  C u, an d  the p ro te in s  and  
tran sp o rie rs  involved in  the  egress of C u from  cells. 
C u egress, or tran sp o rt o u t of cells, is co n tro lled  by 
P-ATPase C u tran sp o rte rs  th a t are located  o n  the suríace 
of vesicles that arise from G olgi Processing. A change in 
Cư sta tu s  does n o t ap p e a r  to a lte r  C u -tran sp o rtin g  
P-ATPase gene exp ressio n , b u t it does affect Cu inove- 
m en i to an d  from  th á t o u te r  cell m em brane . Cư hom eo- 
stasis m ưst be co o rd in a ted , because the release of free 
Cu ions causes dam age to ce llu la r co m p o n en ts  by cat- 
alyzing the g en e ra tio n  of reactive o x id a n t specíes (ROS).

System ic Regulation o f Cu

F rom  th e  in testine , a case can  be m a de for the 
tran sp o rt o f  C u on  a lb u m in  an d  in  the fp rm  of low- 
m olecu lar-w eigh t com plexes (e.g., h is tid in e )  to target 
tissues, p articu la rìy  the liver. E xactly  h o w  a lbum in  
and  h is tid in e  re lin q u ish  C u  to o rgans a n d  tissues is 
cu rren tly  ưnclear. F rom  the  liver, ce ru lo p lasm in  trans- 
po rts  Cu to o th e r tissues. C eru lop lasm ự i, the predorn- 
in an t C u-co n ta in in g  p ro te in  in m am m alian  se rum , is a 
g lycosylated  m u lti-C u  ferrox idase  th a t ca rrie s  >95%  of 
to tal se rum  Cu. A lthough  ce ru ìop lasứ iin  m ay function

in Cu transpo rt, the absence of ce ru lop lasm in  has n o t 
been  shovvn to a lter Cu levels in the p eriphera l tissues. 
Such observa tions com e from  w hat is knoNvn a b o u t 
ind iv iduals an d  an im al m odels that are aceru lo p lasm in - 
em ic, a genetic d iso rd er of ce ru lop lasm in  deíìciency , 
M orcover, ana lbum inem ic  ra ts  do no t have sign ifican tly  
im paired  Cu m etabolism .

T he average level of Cu s to red  in  the bo d y  ranges 
írom  50 to 120 mg. Cu is found  in all organs an d  tissues 
o f the h u m a n  body. In  cells, C u is always b o u n d  to 
p ro te in s  or to organic co m p o u n d s and  is n o t fo u n d  as 
free C u ions. T here are h igher co n cen tra tio n s of C u in  
very yo u n g  com parcd  to ado lescen t o r m atu re  an im aỉs 
(e.g., four- to fivefold greater). The h igh  co n c en tra tio n  
of Cu in the íelal liver is im pressive; in  h u m an s, fetal 
liver contains 2 0 —50 Jig per gram of liver, com pared to 
4 —5 ịig per gram  of liver in  adu lts. T he h igh  levels of 
liver Cu in ch ild ren  persists for 3 —5 years, follow ed by 
a dec line to ad u lt levels.

W ith  regard  to overall system ic co n tro l, u n d e r  
n o rm al s ituations, little  C u is excreted  via the k idney . 
R ather, Cu is excreted  p rim arily  via the bile a n d  is 
released  in to  the gas tro in testinal trac t w ith  lim ited  re- 
ab so rp tion . The up take of C u by the in testine an d  elim - 
ina tion  th ro u g h  the bile allow s Cu lo be co n serv ed  an d  
tightly  regu la ted  from  a system ic perspective.

G enetic C onditions and Cu M etabolism

T he u n d ers ta n d in g  of two genetic co n d itio n s , 
M enkes k in k y -h air  and  W ilson  disease, has co n trib u ted  
to the u n d e rs ta n d in g  o f general Cu tran sp o rt p rocesses. 
In  M enkes k in k y -h air  disease, there is a p ro b lem  w ith  
Cu ab so rp tio n  and  Cu tran sp o rt in  m esenchym al cells. 
In  W ilson  disease, th e re  is an  increased  liver C u co n ten t, 
lead ing  to severe hepatic  dam age, follow ed by in c reased  
brain  Cu levels and  neuro log ical lesions. M enkes 
disease resu lts in pa tho logy  resem bling  Cu defic iency , 
as opposed  to the pa tho logy  o f W ilson  disease, w h ich  
resem bles Cu toxicity.

Both the W ilson and  the M enkes genes code for one of 
the p-type ATPases involved in  Cu egress. In  M enkes 
disease, the m u ta tio n  in  the P-ATP-7A  gene p reven ts 
Cu transpo rt across the basal lam ina of the in testine . 
J. H. M enkes fìrst described this C u transport d iso rd er 
in  1962 in a family o f English—Irish  descent. It w as rec- 
ognized im m ediately as an  X -linked recessive d iso rder, 
characterized by re ta rda tion , im paired  grow th, pecu lia r 
hair, an d  focal cerebral and  cerebelỉar degeneration . The 
cond ition  is often lethal, w ith  death  occurring  in  the íìrst 
o r second year of life, usually  from  a vascular acciden t, 
i.e., aneurysm  or stroke. M enkes p atien ts aỉso show  signs 
of osteopenia (poor bone developm ent) and  vascular 
disease.



In  cell cu ltu re , m esenchyinal, cpithelial, and neural 
cells from  M enkes patien ts  abnorm ally  sequester Cu. 
M oreover, the ability  to transfer Cu 10 som e C u -requừ - 
ing  enzym es, e.g., lysyl oxidase, is lacking or abnorm al. 
T he íreq u en cy  for M enkes disease is now  estim ated  to be 
ab o u t 1 in  3 5 ,0 0 0 —40,000  live b irth s  am ong those  of 
E n g lish —Irish  descen t. In contrast, W ilson disease is an 
in h e rite d , au tosom al recessive d iso rder of Cu accum u- 
la tion  an d  tox ic ity  th a t occurs in abou t 1 of every 40,000 
peop le. T he responsib le gene (P-ATP-7B ) also codes 
for a ves icu lar m em brane-bound , C u-b inding  p ro te in , 
b u t, u n lik e  the M enkes gene, is expressed p rim arily  in 
the liver. P-ATPase-7B has considerable hom ology  to 
P-ATP-7A. As in M enkes disease, there are m u ta tio n s 
in  P-ATP-7B  tha t acco u n t for sym ptom s associated w ith  
W ilso n  disease. O w ing to its location  in liver, w hen 
P-ATP-7B  is ahered  by m uta tions, hiliary excretion  of 
C u is im p a ire d . An im p o rta n td e ta il is that the vesicles to 
w h ich  P-ATPase-7B is localized also appear to transpo rt 
ce ru lo p lasm in  from  cells. In cells ad ịacen t 10 b iliarỵ 
can alicu li, som e of the vesicular m ovem ent is to the 
ce llu la r m em hrane tha t is exposed 10 the biliary cana- 
licu lu s , w hereas in o th e r cells, the m ovem ent is to the 
cell m em brane  exposed  to sinuso ids and d istensib le 
vascu la r channels. It has thereíorc heen postu la ted  
th a i the liver “packages” Cu for excretion  in to  the bile 
by b in d in g  Cu to ceru lop lasm in  for release in to  bile or 
p lasm a. T his accoun ts f'or the observations that defects 
in  P-ATPase-7B activ ity  o ílen  resu it in low levels of 
C u b o u n d  to ceru lop lasm in  in blood and eventually  
ía ilu re  o fw h o le -b o d y  Cu regulation , bccause of hepatic  
ac cu m u la tio n  of Cu.

In sum m ary , several com plex  strategies arc used 
to m a in ta in  Cu hom eostasis at the cellu lar and  or- 
gan ism al levels. T he com plexitics are in p art related  
to m ain ta in in g  C u in  an app rop ria te  redox State and 
the need  to accom m odate  a dìverse array of enzvm atic 
íu n c tio n s . F o rtuna te ly , Cu d e íìd cn cy  is probably  a rare 
o cc u rre n ce , b u t genetic po lym orphism s involv ing  Cu 
tra n sp o rte rs  can occur, w hich m im ic the signs of Cu 
d eíìc iency  an d  tox ic ity  observed in anim al m odels.

Z1NC

M e ta b o l ic  R o le s  a n d  D ie ta ry  D e fic ie n c y

Z in c  íu n c tio n s  a t the active sú e  o lm a n y  e n zỵ raesb y  
fac ilita tin g  s trong , b u t  read ily  e x c h a n g e a b le ,  su b sira te  
o r ligand  b ind ing . Zn is n o t capable o( rcdox, th u s  can 
be u sed  b io log ica llv  in novel ways at the functional 
sites o f p ro te in s  w ith o u t causing  oxidative changes. 
Zn a lso  plays im p o rta n t s tru c tu ra l ro les in p ro te in s . 
O ne ex am p le  is the z inc  fm ger m otil. tlic m ost com m on

rec u rrin g  m o tií in  p ro te in s  th a t  serve as tran sc ripúon  
factors.

T he im p o rtan ce  of Zn in  hum ans from a physiolog- 
ical perspective d id  not begin  to em erge until the 1950s. 
Zn deíiciency in anim als as a cause of parakeratosis was 
first estab lished . W ith  respect to hum an  health and dis- 
ease, Zn received considerable a tten tion  when it was 
show n th a t Zn deíìciency was an etiological factor in 
the synd rom e of "adolescent nu tritiona l dw ariìsm .” Fur- 
ther w ork  em phasized  that it was particularly  im portant 
to p rov ide ch ild ren  w ith an  adequate dietary Zn intake. 
C linical o b se rvaúons in patien ts fed intravenously also 
indicated  tha t Zn deíìciency m ight be im porlan t LO 
ia trogenic [ailure. W hen Zn deficiency does occur, 
the range of responses inc ludes derm al lesions, poor 
w ound healing , m alabso rpúon , d iarrhea, and inưnuno- 
logic defects (especially  com prom ised  T ccll íunction).

Specifĩc b iochem ical changes associated w ith the 
clinical fea tu res of Zn deíìciency are no teasy  to identify. 
As a general ru le , cp iihelial cells and cells involved in 
im m une íu n c tio n  are m ost affected by Zn deprivaúon. 
The p rincipal b iochem ical lesion centers on the nonco- 
o rd in a tio n  o f evenis im p o rtan t to the norm al d iíteren- 
tia tion  of cells; perhaps relaied to the im portan t 
function  tha i Zn plays in  iranscrip tion  faclor integriiy  
and s tru c tu re . O f in terest, ihere are greatcr changes in 
im m une responsiveness th an  in changes in ihe activities 
of Z n -requ iring  enzym es. Zn can also have a signiíìcant 
im pacl 011 th e  horm onal regu laúon  of cell division, spe- 
ciíìcally, the  p itu ita ry  grow th horm one (CĨH) and  
in su lin -like  g row th  i'actor-1 (1GF-1) axis. Changes in 
the co n cen tra tio n s  of GH are observed in Zn deíiciency, 
and  c ircu la tin g  IGF-1 concen tra tions are consisiem ly 
decreased. O th e r  evidence suggests that reduceđ Zn 
availability affects m einbrane signaling systems and  in- 
tracellu lar second  m essengers that coordinate cell p ro - 
liíeration , e.g., in response to 1GF-1. M easurem ents of 
Zn co n cen tra tio n s in  plasm a are useĩul in identilying 
ch ild ren  w ho are m ore likely to have a growth response 
to Zn supp lem en ts . Regreltably, precise funcúonal tests 
for Zn s ta tu s  are n o l available.

The d ie tary  in take of Zn is around  ] 0—15 m g/day. 
Sources of Zn include m eat and pro tein-enriched  íoods. 
Factors know n to in íluence absorption include the 
am o u n t o f Zn p resen t in the in testinal lum en, an d  the 
presence of d ie tary  p rom oters (e.g., hum an milk, an im al 
p ro te ins) o r  inh ib ito rs (e.g., phytate, other m incrals). 
C alcíum , especially  in ihe presence of phytate, in te ríeres 
vvith Zn absorp tion .

C e l lu la r  a n d  S y s te m ic  R e g u la tio n  o f  Z n

The prim arv  site of absorption o f exogenous Z n in 
ihe hum an  is the  proxim al small bow el—either [he distal



duodenum  or proxim al jẹ junum . A bsorption studies in 
animal models indicate an inverse rela tionsh ip  between 
percentage of Zn absorbed and  dietary Zn intakc. The 
physiological State also affectsabsorption. Pregnancy and 
lactation can enhance absorption, w hich  can vary from  
25 to 50% depend ingon  the dose and physiological State.

In hum ans. the total plasm a Zn concen tra tion  is 
12—25 um ol/liter, w ith over 90% associated w ith  
album in, about 10% associated w ith a2 -m acrog lobu]in , 
and less than  1%, com plexed to o th e r low -m olecular- 
w eight species. Zn hom eostasis is achieved largely by 
enierohepatic recirculation , a lthough  bo th  the m agni- 
tude and the process differ from those for Cu. For ex- 
aniple, a higher percentage of Zn is reabsorbed from  
endogenous excretion, i.e., about the sam e as tha t ab- 
sorbed from dietary sources. A m ạjor source  of Zn in the 
intestinal lum en is from pancreatic secretions, because 
of the im portance of Zn as a co ỉac to r for pancreatic  
peptidases, various hydrolases, and proleinases.

As is the case for o ther essential m etals, several trans- 
po rte r syslems have been idenú íìed  based on corre- 
sponding  hom ologues in  yeasts. Sim ilar to the s itu aú o n  
for Cu, there are both  high-afíìnity an d  low-arfinity re- 
cep to rs and  transporters for Zn. F u rth e r, two d istinct 
íam ilies of zinc transporte rs  are know n: the zeta-in ter- 
acting  protein (ZIP) íamily, w hich  im p o rts  zinc, and the 
ZnT family, w hich íunctions in releasing zinc o r seques- 
tering  zinc internally. The ZIP transpo rle rs are found in 
thc duodenum  in the crypts and low er villi and appear 
available for the up take of several m etal ions, inc lud ing  
Zn. U plake assays dem onstrate  that C u + and F e2+ can 
be potential substrates, because they inh ib it Zn24 up- 
take, whereas Co2+, M nỉ+ , M g24, an d  N i2+ have no 
effect on Z n2~ uptake. The ZIP transpo rte rs  are 
u n d er transcriptional con tro l based on the observation  
that one of the íamily of ZIP iransporte rs , ZRT1, is in- 
versely expressed relative to cellu lar Z n 2 ' levels; Z n2+- 
depleted cells have I0-fo ld  m ore ZRT1 mRNA than do 
Z n2+-repleted cells. There is also evidence for posttrans- 
lational regulation. W hen celiular Zn is elevated, there is 
degradation  of the transporie rs by vacuolar proteases.

G e n e tic  a n d  O th e r  C o n d i t io n s  I n í lu e n c in g  
Zn M e ta b o lism

Genetic disorders of Zn m etabolism  are rare. A 
conditìon  know n as acroderm atìtis en teropath ica , 
w hich  Tesponds dram atically  to o ral Zn supp lem en- 
ta tion , occurs in  chilclren. A croderm atitis en teropath ica  
is an  inborn error of zinc m etabolism , w hich is autoso- 
mal recessive. C haracteristic sym ptom s in infancy in- 
clude perioriíìcial (oral, anal, and  genital) and acral 
derm atitis, d iarrhea, behavioral and m ental changes,

neurological d isturbances, and  secondarv bacterial 
and  fungal iníections. D isorders of Zn inetabolism  sec- 
ondar)' to the prim ary disease have also been rep o rted  in  
alcoholic cirrhosis, in llam m atory  bowel diseases, diabe- 
tes, and  renal disease, although the significance of 
these observatịons in  rela tion  to Zn deprivation  rem ains 
unclear.

MANGANESE

M e ta b o lic  R o les  a n d  D ie ta ry  D e íìc ie n c y

M anganese is an essential trace elem eni th a t is re- 
qu ired  for the activity o f enzym es w íth  transferase or 
hydrolase functions. T he m itochondrial form o f super- 
o x id ed ism u tasea lso req u iresM n .F u rth er,M n d efic ien cy  
is associated w ith pertu rba tions in glucose m etabolism , 
in su lin  íunction , and cholesterol regulation.

The estim ated safe and adequate daily d ie tary  
in take for Mn in hu m an s is 2 —5 mg. This estim ate is 
based prim arily  on d ie tary  in take data and  in íerences 
from  anim al req u ữ em en t studies. R egrettably, well- 
con tro lled  Mn balance and excretion  data are lim ited  
or have been difíicult to  obtain. In studies involving 
young  adult m ale subjects fed conventional íoods, the 
m in im um  requ irem en t for Mn was estim ated  to be 
betw een  1 and 2 mg/day, an am o u n l easily ob ta ined  
in m ost diets. V ariations in Mn in take reílect varia tions 
in  food choice and the am oum  in the w ater supp ly  
(4 m g/day is deíìned as the low est observable adverse- 
effect level, orLOAEL). o í in d ire c t  m easures, se ru m  Mn 
concen tra tions in com bination  w ith lym phocyte Mn- 
dependen t superoxide dism utase (M nSOD) activity  
and  b lood  arginase activity  m ay have u tility  as ind irec t 
m easures of Mn status.

Regardìng excessive M n exposure , M n tox ic ity  is 
a hea lth  risk  to rniners and o ther w orkers exposed  to 
M n-enriched  dust. Excessive Mn exposure can cause 
im paired  neuro logical/m ovem ent disorders. Serum  
Mn concen iraúons in  eom bination  w ith  b ra in  m agnetic 
resonance im aging (M RI) scans, and  neu ro functional 
tests seem  to be the best way to m onito r excessive ex- 
posure to Mn.

C e l lu la r  a n d  S y s te m ic  R e g u la tio n  o f  M n

In in testinal cell m odels, the up take and  tran sp o rt of 
Mn appear contro lled  by satu ration-type k inetics. The 
tran sp o rt characteristics undei steady-state con d ìtio n s 
in the intestine can exh ib it two com ponen ts tha t prob- 
ably reílect transcellu lar (carrier-m ediated) and  para- 
cellu lar (diffusional) pathw ays. Calcium , calcium  
an tagonists, ATP synthesis inh ib ito rs, and h igh  levels 
of iron  decrease Mn Auxes. F rom  the exso rp tion  side,



the M n flux is approx im ate ly  20-fold less than  in  the 
absorp tive d irec tion . In h um ans and  ro d en t m odels, the 
ab so rp tio n  o f M n is decreased  by phytic acid, w hen  
co m p ared  w ith  co rrespond ing  dephy tin ized  food com - 
po n en ts , and  by h igh  in takes, co rrespond ing  to four to 
five tim es the norm al requ irem ents. R educing agents, 
such  as ascorb ic acid do n o t in íluence up take.

T he tran sp o r t of M n m ost likely involves hom o- 
logues of the na tu ra l resistance-associa ted  m acrophage 
p ro te in  (N ram p ) tran sp o rte rs  found in yeast. InSacchar- 
omyces cerevisiae, the ex p re ss io n o í th ree N ram p-fam ily 
tran sp o rte rs  (S m flp , Smf2p, and Sm f3p) responds to 
changes in  cellu lar Mn. In particu lar, S m flp  and 
Sm f2p ap p ear to íunc tion  in M n up take and  irafficking. 
A nalogous to the  regu la tion  of Zn and Cu transporte rs , 
the d iffe ren tia l regulation  o f N ram p tran sp o rte rs  in 
yeast by M n occurs at ihe level of p ro te in  stability 
and p ro te in  traííìck ing  th rough  the various secretory  
pathw ays in  ad d iú o n  to transcrip tiona l contro l. For ex- 
am ple, S m flp  and  Smf2p are degraded  in cells w ith 
sufficient M n. In con trast, S m flp  and Smf2p accum ulate 
to h igh  levels in M n-deficient cells. A lthough the evi- 
dence suggesting  N ram p tran sp o rte rs  is in ĩerential, 
m uch  o f it is very strong. As an exam ple, anim al m odels 
w ith  iron  tran sp o rte r  deĩects also have im paired  Mn 
tran sp o rt. H om ozygous Belgrade rats, w h ich  have hy- 
po ch rom ic  anem ia due to im paìred  iron  tran sp o rt, also 
have abno rm alities  in Mn m etabolism

At p resen t, there are few cases of M n deíìciency in 
the m edical litera tu re . G iven the heterogeneúy  of the 
N orth  A m erican food supply , it is d ifficult to m ake a 
s tro n g  case for d e ík ien cy  w ilh o u t involving o ther fac- 
to rs o r etiologies. T here m ay be reasons, hovvever, to be 
co n cern ed  ab o u t M n toxicity, given that in takes do ex- 
ceed w hat are th o u g h t to be the requ irem en ts  for Mn.

SELENIUM

M etabolic Roles and Dietary Deíìciency

S elen ium  is of fundam enta! im portance to hum an  
hea lth . It is an  essential co m p o n en t of several m ajor 
m etabo lic  pathw ays, inc lud ing  thyro id  ho rm one m etab- 
olism , an tio x id an t defense, and im m une function . Se is 
in c o rp o ra ied  as selenocysteine at the active site of a 
w ide range of selenopro te ins. In the past two decades, 
over 30 new  se lenopro te ins have been identiíìed , of 
w h ich  15 have been characterized . A n u m b er oí provoc- 
ative clinical studies suggest putative roles for Se in 
cancer p ro tec tio n , ROS p ro tec tion , and even relation- 
sh ips invo lv ing  viral exposure.

P lan t íoods are ihe m ajor d ie tary  sources of Se 
in  m ost co u n tries  th ro u g h o u t the w orld. The am ount

of Se in  soil, w hich varies by region, m ay determ ine  the 
am oun t of Se in the food cha in , w herein  Se is fo u n d  as 
se lenom eth ion ine and  se lenocysteine. Se is One o í the 
few m ineral elem ents in  w hich  the soil concen tra tion  
can in íluence the relative am o u n ts  found in food. In the 
U nited  States, the h igh  p la ins of n o rth e rn  N ebraska and 
the D akotas have the high levels o f soil Se. People living 
in those regions generally  have the h ighest Se in takes in 
ihe U n ited  States. Soils in  Central C hìna and p arts  of 
Russia have lo w am o u n ts  oi Se, and  d ie tary  Se deíìcieney 
is often  reported  in Lhose regions. Se is also found  in 
som e m eats and in  seafood. A nim als th a t eat g rains or 
p lan ts  tha t were grow n in Se-rich  so il have liigher levels 
o f Se in m uscle tissue. Some nu is, in particu lar Brazil 
nu ts  and  w alnuts, are also very good  sources o f Se.

The R ecom m ended Daily A llow ance (RDA) for 
Se is 5 0 —100 Ị-Ig in the U n ited  S tates and 1 0 -7 5  ng in 
E urope. K eshan disease, also  know n as Se deíìciency, 
has been observed in  low-Se areas of C hina, w here di- 
etary  in take is <  10 — 20 ng/day, an intake that is signií- 
ican tly  low er [han the RDA lor Se. Se deíiciency has also 
been observed in people w ho rely  on  total paren teral 
n u tr itio n  (TPN) as th e ir  sole sou rce  o f n u trition . The 
signs of K eshan disease are card iom yopathy , increased  
suscep tib ility  10 in fection , ca taracts , and m uscu lar le- 
sions resu lting  from  im p a ired  ROS pro tection . T here 
can also be loss of p ig m en ta tio n  in skin and  hair, 
and , w hen  severe, g row th  re ta rda tion .

A lthough  rare in the U n ited  States, thcrc is also a 
hea lih  risk  of 100 m uch  Se, e.g., selenosis. Sym ptom s 
inc lude gastro im esúnal upse ts, h a ir  loss, w hite b lo tchy  
nails, and nerve dam age. The few reported  cases have 
been  associa ted  vvith in d u stria l acciden ts or m anu ĩac - 
tu rin g  e rro rs  that have led to excessively high am o u n ts  
of Se in supp lem ents. The In stitu te  of M edicine has set a 
to lerable u p p er in take level for Se at 400 |.ig/day.

Cellular and System ic Regulation o f Se

Both organic and  ino rgan ic  ío rm s of Se can be 
u tilized  in  the body. The o rd e r  of uptake in C aco-2 
cells is SeO}2- <  se lenocyste ine  <  se lcnom eth ion ine 
< S e Ơ 4 . Both am ino  acid-relatecỉ and  anion tran sp o r- 
te rs  are involveđ in  Se tran sp o rl. M any of the details, 
how ever, have yet to be resolved. For exam ple , ihe 
tran sp o rt of sc len o m eth ío n in e  is inh ib ited  bv its  su llu r 
analogue, m eth ion ine , vvhereas inh ib ition  of the trans- 
p o rt of se lenocyste ine by  cysteine is not observed. The 
iran sp o rt o f SeC)4 is in h ib ited  bv th iosu lía te, b u i 1101 
sulfaie. A N a ,K r -ATPase is p robably  responsib le for 
energ iz ing  the b rush  borcler tran sp o rt of selenate, \vhere 
the ileum  is the site of abso rp tio n . A num ber of in te stin a l 
in ílam m atory  diseases an d  short-bow el syndrom e can 
lead to Se deíĩciency.



ín co n tra s t vvith in testinal cells, red cells in  partic- 
ulai d em o n stra te  selective up tak e  o ĩ o rgan ic ío rm s of 
selenium . O f the m ost com m on  Se co m p o u n d s  (sele- 
natc, se len ite, se len o m eth io n in e , and  se lenocyste ine), 
selenite in jected  in travenously  is tak en  u p  rap id ly  and  
selectively th ro u g h  an an ion -exchange  ca rrie r o r trans- 
po r.e r. T he rap id  and  selective u p tak e  of se len ite  by red  
b lood  cells is exp la ined  by th e  se lective an d  efficient 
uptiike th ro u g h  the an ion -exchange ca rrie r, follow ed 
by  reduc tion  by g lu ta th io n e -req u irin g  steps. Selenite 
up take is inh ib ited  b)' ch ro m ate , w h ich  p ro m o tes  
g lu ia th ione  dep letion .

A nother u n ique  aspect o ĩ  Se reg u la tio n  is tha t its 
in sertion  in to  p ro te in  occurs p o sttran s la tio n a lly  in 
the  form  of the am ino  acid , se lenocyste ine  (SeCys). 
Such o ccu rren ce  o f th is e lem en t in  p ro te in  is  w idespread  
in  aìl form s o f life. E lucidating  how  Se is in co rp o ra ted  as 
SeCvs has m odified  o u r u n d e rs ta n d in g  o f  the genetic 
codc. The ío rm a tio n  of SeCys w ith  its novel cod o n  ex- 
pands to 21 the codon  used for n a tu ra lly  o ccu rrin g  
am ino ãcids. A lthough  it was recogn ized  in  th e  m id- 
] 960s tha t the codon  AUG had  a d u al ro le  of in itia ting  
p ro ie in  syn thesis and  in se rting  m e lh io n in e  at p ro te in  
translation  s ta rts ite s , the possib ility  tha t a second  codon  
also had tw o íu n c tio n s was n o t co n s iđ ered  a i ihe time. 
ĩt is now  know n  tha t UGA serves b o th  as a te rm in atio n  
an d  a SeCys coclơn.

SeCys can be a ttached  to tRN ACys by  cysteinyl-tR N A  
synthetase and  can  be in co rp o ra ted  nonspecifically  in to  
p ro te in  in  response to Cys codons, w h ich  is the reason  
w hy m any p ro te in s  co n ta in  Se at sites o th e r  than  the 
Se-contain ing  active sites in  se lenoenzym es. H ow ever, 
SeCvs is syn thesized  by a novel process. T he transla tion  
of se lenop ro te in  mRNAs req u ires  bo th  c is-acting  and  
trans-acting  íactors. SeCys is in se rted  in to  nascen t se- 
lenopep tides in  m am m als by m ean s o f a u n iq u e  am ino 
acid  in se rtion  System. Speciíìc 3 ' u n tran s la te d  (UTR) 
mRNA stru c tu re s , designated  SECIS e lem en ts, ĩunc tion  
in rccru iting  SBP2, a SeCys-speciíìc e lo n g alio n  factor, 
and  selenocysteinyl-tR N A Sei,SeCys in to  the SeCys inser- 
tion  com plex , the selenosom e. SeCys tRNASer,SeCys is 
used as the site íor SeCys b io sy n th esis  and  for its incor- 
poration  in to  the active site of specific se lenop ro te in s. 
F u rth e r w ork  also suggests considerab le  com plex ity  in  
the regu la tion  of speciíìc se lenoenzym es, e.g., transcrip - 
tional as w ell as tran sla tio n  regu la to ry  Controls ex ist for 
g lu ta th io n in e  peroxidase.

CO NC LU DING  COM M ENTS

A lthough  it is d iííìcu lt to  m ake a case for írank  
nu trttional deficiencies of C u, Zn, M n, o r  Se in hum ans, 
therc is a good like lihood  of id en tiíy in g  p o lv m o rp h ism s

tha t m ay a lte r an in d iv id u a rs  need  for a given e lem en t. 
A lthough perhaps obvious from  a b iochem ica l perspec- 
tive, it is also im p o rian t to u ndersco re  th a t each m in e ra l 
co n trib u tes  u n ique  chem ical p ro p ertie s  tha t are esscn- 
tial to a d iverse a rray  o f enzym atic  an d  rela ted  íu n c tio n s. 
The com plex ities of these functions ư nderscore  the need  
in tu rn  for equally  com plex  regu la to rv  and  h om eosta tic  
Controls.
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Transíorming Growth Factor-P (TGF-p)
JOHN BARNARD

Coỉumbus Chiỉdren’s Hospitaỉ and Ohio State ưniversity

grovvth ía c to r  A p ro te in , u su a lly  secreted  írom  ce lls , that 
exerts  its  b io lo g ic a l a ctiv ity  by b in d in g  to h ig h -a ííin ity , 
ce ll su rface  rece p to rs at lo w  con cen tra tio n s; m ost grovvth  
íactors h ave d iv erse  b io lo g ic a l a ctiv ities in c ỉu d in g  
a ctio n s in d e p e n d e n t  o f  ce ll g ro w th  regu lation .

T ransíbrm ing  grow th factor-p (TGF-p) is a dim eric poly- 
pep tide grow th factor belonging to a superfam ily of re- 
la ted  p roteins. All superfam ily m em bers are distinguished 
structu ra lly  by a c luste r of conserved cysteine residues 
held  together by d isu líide bonds. These proteins display a 
rem arkable diversity  o íb io logical activities, includingcell 
grovvth regulation , cell fate determ ination , im m une func- 
tion , and m orphogenesis. TGF-P-related peptides and 
TGF-(3 recep to rs are synthesized by virtually all norm al 
cells including ep ithelial, sm ooth  muscle, and hem atopoi- 
etic cells in  the gastro in testinal tract.

TH E T R A N SF O R M IN G  G RO W TH  
F A C T O R -p G E N E S A N D  PROTEINS

The m am m alian  tran sío rm in g  g row th factor-Ị3 (TG F-p) 
fam ily consists of th ree  p ro te in s  w ith sim ilar biological 
activ ities. T hese th ree  wisoform s” are designated  T G F-p 1 , 
p 2, and  p3 and  are localized to hnm an  chrom osom es 19, 
1, and  14, respectively . All th ree  TGF-p p ro te in s are íìrst 
synthesized and secreted in biologically inactive, latent 
p rec u rso r  com plexes tha t are incapable of b ind ing  to cell 
surface TG F-P recep to rs. “A etivation” of TG F-p occurs 
w h en  the m atu re , 25 kD a biologically active form  of 
TGF-Ị3 is libe ra ted  from  the p recu rso r com plex. Activa- 
tion  o f la te n t TGF-Ị3 is believed  to be a m ajor step  in  the 
regu la tion  o f  T G F-p  activity. M ature, biologícally active 
T G F-p is released from  the la ten t com plex by ex trem es of 
pH , p ro teo lysis  by  p lasm in , and transg lu tam inase- 
d ep e n d en t in te rạe tio n  w ith  the extracellu lar m atrix . A 
g rea td ea l rem a in s to  be learned  abou t the norm al p rocess 
o f  TG F-p ac tiva tion  and  how  it is altered  un d er patho - 
physio logical cond itions.

T R A N SF O R M IN G  G RO W TH  
FA C TO R -P RECEPTOR S

T he T G F -p  recep to rs  are designatecl TGF-(3RI 
(~ 5 3 k D a ) ,  TGF-Ị3RII ( - 7 0 k D a ) ,  and  TGF-(3RIII

(~ 3 0 0 k D a ) . Each has an extracellular ligand-binding 
dom ain , a transm em brane sequence, and a cytoplasm ic 
sequence. In general, all th ree isoíorm s cf TGF"P b in d  
to recep to r types 1, II, an d  III, albeit w :th m odest 
d ifferences in  affinity. B inding of TGF-p tc TGF-PRII 
recru its  TG F-pRI in to  a tetram eric receptor com plex, 
resu lting  in the transphosphory la tion  andactivation  of a 
se rin e /th reo n in e  kinase in the cytoplasmic tail of TG F- 
pRI. ĩt is co nven ien t to th ink  of TGF-pRll as a “sen so r” 
recep to r an d  TGP-Ị3RI as a “transducer” receptor. TG F- 
pRlIIs are  ab u n d an t, bu t have no  known signaling 
capability  and  have m ostly been  considered “reservoir” 
recep lors. R egulation  of recep tor signaling is rem ark- 
ably com plex  because of a large num ber of recepior- 
in te rac ting  p ro te in s  that modify signaling. These 
inc lude FKBP12, the a -su b u n it of íarnesyl transíerase, 
TRIP-1, STRAP, and  TRAP-1, am ong others.

IN TR AC ELLULAR SIGNALING  BY 
T R A N SFO R M IN G  GROW TH  
F A C T O R p

The m ain  signaling  p ro te in s activated by TGF-P super- 
family m em bers are called Smads (Fig. 1), a lthough  a 
variety  of o th e r  trad itional in trace llu k r signalmg path - 
w ays are also m odulated . The Smads m ost relevant to 
TGF-|3 s ignaling  in  the gastrointestinal tract are Sm ad2 
and  Sm ad3 (rccep to r-regu la ted  or R-Smads), Sm ad4 (a 
co m m o n -p artn e r or Co-Sm ads), and Smadó and Sxnadĩ 
(inh ib ito rv  Sm ads). P hosphorylation  of Smad2 and  
Sm ad3 by serin e /th reo n in e  kinase activity in TGF-pRI 
is necessary  for activation of TG F-p si^naling. Phos- 
p h o ry la tio n  o f Sm ad2 and Smad3 perm its in te raction  
w ith Sm ad4. This is the íìnal coníìgurâtion required  for 
transloca tion  of the TGF-Ị3 signal iato the nucleus, 
wherc m odiíìcation  of gene expression occurs bv b ind ing  
to un ique Sm ad-binding elem ents in TGF-p-responsive 
genes. Smad7, an inhibitory Smad, binds to activated 
TGF-pRl and  inhibits the phosphorvlatiori of Sm ad2, 
the assem bly of Smad complexes. and the nuclear trans- 
location of Smads.

An increasing ly  diverse and com plex arrav o f tran - 
sc rip tional ac tiva to rs and repressors interact w ith  the 
Smad com plex  to m odiív gene transcriptioa in th e  cell 
nucleus. T hese include transcription.il actìvators such
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FIG Ư I-E 1 TGF-Ị3 sỉgnaling: TCíF-Ị3 binds to a dim erized TGF-ị3 
type 11 recepior, initiating an interactỉon with type I receptors 
and phcsphorv laiion of thecytoplasm ic tail o f TGF-|3 type 1 receptor, 
as w ell as Srrud2 and Smad3. In concert with Smad4, the Smad 
com plc; translocates lo the nucleus to m odiíy gcnc expression  
and altcr cell behavior.

for DNA syn thesis  an d  cell rep lication . A n o th er m ajor 
b io logical effect o f TGF-[3 is the m o d u la tio n  o f genes 
regu la ting  ECM  depositio rụ  w h ich  resu lts  in  ex tra- 
ce llu lar m atrix  fo rm ation . T his occu rs  by  increased  
syn thesis  o f ECM  p ro te in s  (co llagen , íìb ronectin ) and  
p ro te inase  in h ib ito rs  (p ìasm inogen  ac tiva to r inh ib i- 
to r), decreased  syn thesis  of m atrix -d eg rad in g  activ ities 
(p lasm inogen  ac tiva to r, collagenase, elastase), and  
m o d u la tio n  o f m a trix  recep to rs  and  b in d in g  p ro te in s  
(in teg rin s). The effect of TGF-(3 o n  ex trace llu la r rnatrix  
syn thesis  ap p ears  to have m ajor c lin ical sign iíìcance , as 
a large n u m b e r of fib ro tic  d iseases, such  as c irrhosis , 
p u lm o n ary  íìb rosis , s tr ic tu re , an d  g lo m eru lo n ep h ritis , 
are associa ted  w ith  increased  TGF~P activity . Because of 
its eíĩec ts on  the ex trace llu la r m atrix , T G F-p  increases 
w o und  healing , in c lu d in g  incisional w o u n d s  in the  gas- 
tro in te stin a l tract. T he effects of TGF~P o n  the im m u n e 
system  are com plex , b u t TG F-P is p red o m in an tly  im - 
m uno su p p ressiv e . T he in a rk ed  in ílam m atio n  observed 
in  the gastrointesiinal m ucosa of TG F-P-deficient “k nock - 
o u t” m ice u n d e rsc o re s  th e  im p o rtan ce  o f T G F-p  in  reg- 
u la tin g  the g as tro in tes tin a l im m u n e  system . B lockade 
of TGF~P signa ling  in  im m u n e  celỉs, w ith  resu ltan t 
iticreased  im m u n e  activ ity , has b een  p ro p o sed  as an 
im p o rta n t factor in  in ílam m atory  bow el d isease and  
a u to im m u n e  hepa titis .

as CRr-B-hinding p ro te in  (w here CRHB d en o tes  C a2+/  
cAM P-response e lem ent-b ind ing  p ro te in )/p 3 0 0  and 
tran sc ip tio n a l repressors such  as SnoN , C-Ski, and  
TG1F. M any of these p ro te in s  secondarily  in te ract 
w ith  cassical transcrip tiona l rep resso rs, su c h  as h istone 
deactyíases.

BIOLOGICAL A C T IO N S OF 
TRANSFO RM ING  G R O W TH  
FACTO R p IN THE H U M A N  
G ASTR O INTESTIN AL TRA CT

T G F-f has diverse biological ac tions in  the  gastro- 
in te s th a l tract, includ ing  in h ib itio n  of ep ithelia l cell 
g ro w ứ , stim ulation  of ex trace llu la r m a tr ix  (ECM ) 
synthesis, stim ulation  of angiogenesis, s tim u la tio n  of 
cell m n ilitv , and suppression  o f the  im m u n e  system . 
The giow th inh ib ito ry  actions o f TG F-P are especially  
im por:an t, as their loss may resu lt in gas tro in tes tina l 
cancei TG F“P norm aìly arrests  cell g ro w th  by causing  
a reveisible block in the G I phase of the cell cycle. This 
o ccu rsas  a result of inh ib ition  of c-m yc p ro to -o n co g en e  
expresỉion  and blockade of cy c lin -d ep en d en t k inase 
activit.es, bolh of w hich  are critical p rep a ra to ry  steps

A ROLE FO R T R A N SF O R M IN G  
G R O W T H  F A C T O R “P IN  
G A ST R O IN T E ST IN A L  C A N C E R

M ore th an  75%  o f h u m a n  co lon  an d  p an crea tic  cancers 
are resis tan t to  g ro w th  a rre s t by T G F-p , an  observation  
believed  to be key  in  the causa tion  o f these tum ors. For 
exam ple , an inac tiva ting  m u ta tio n  in the  TG F-PR II gene 
o ccu rs  in  p e rso n s  w ith  defects in DNA m ism atch  repair, 
lead ing  to  h e re d ita ry  n o n p o ly p o sis  co lon  cancer, a 
íam ilial cancer sy n d ro m e w ith  an  inc reased  inc idence 
o fgastric , e n d o m e tr ia l,a n d  co lon  cancers. O verall, these 
types of m u ta tio n s  ac co u n t for a p p ro x im ate ly  15% of all 
co lo recta l cancers. An ad d itio n a l 6 —15% of sporadic 
colon cancers have m utations in  TGF-pRII. Inactivating  
m u ta tio n s  in  Sm ad2 an d  Sm ad4 occu r in  app rox - 
im ate ly  6 a n d  20% o f spo rad ic  co lo rec ta l carcinom as, 
respectively . Sm ad4 m u ta tio n s are found  in  app rox i- 
m ateỉy  40% of k in d red s  w ith  a rare au to som al do m in an t 
d iso rd e r  called  fam ilial juven ile  po lyposis coli. A pprox- 
im ately  50% o f p an c rea tic  ad en o ca rc in o m as h a rb o r in- 
ac tiva ting  Sm ad4 m u ta tio n s . In ad d itio n  to these genetic 
abno rm alities, resis tance  to TGF~P g row th  arrest occurs 
in  a s ign iíìcan t percen tage  of co lon  and  pancreas carci- 
n om as because o f the presence o f m u ta n t, ac tivated



K-Ras, an  oncogene tha t b locks Sm ad signaling. Res- 
to ra tion  of TGF-Ị3 signaling  may som eday be a viable 
o p tio n  in the trea tm en t of gastro in testinal cancer.

See Also the Following Articles

C an cer, O v erv iew  •  E p ith e liu m , P ro liíera tio n  o f  •  Grovvth  
F actors

Further Reading

Rarnard, J. A. (2 0 0 V) Pcptidc gro\vth íactors. In “Gastroimestinal
Cancers” (A. K. Rustgi and J. M. Crawford. eds.), ls t  Hd.. 
pp. 33 - 54. w . B. Saunders, Philadelphia, PA.

Blobc, G. c... Schicmann, w . p., and Lodish. H F. (2000). 
Mechanisms of disease: Role of transforming growlh lac or 
bela in human discase. N. Eng/. / Med. 342. 1350— 
1359.

Kim. s. J., Im, Y. H., Markowitz, s ., and Bang. Y. J. (2000). 
Molecular mcchanisms of inactivation of TGF-beta receptirs 
during carcinogenesis. Cvtokinc Growlh Factor Re\. 11, 
159—168.

shu, H. J.. and Burgcss, A. w . (2001). Regulation of lransform:ng 
growth fac(or [3 signaling. Mol. Ccll. Bioì. Rcs. Commun. 6, 
3 2 1 -3 3 0 .

Ten Dìjke, p., Goumans, M. J., Itoh, F., and Itoh. s. (2002). 
Regulaũon of cell proliferation bv Smad proteins. J. Cell phvsiol. 
191. 1 -1 6 .

Transplantation Immunology
N ic h o l a s  L. T ilney

H a ira r d  U n ivcrsitv  a nd  B righam  and  W o m cn 's  H osp ita l

a llo a n tig en  A n tìgen ic  d iíĩeren ces  b etw een  m em b ers o f  the
sam e sp ec ies. 

cy to k in e s  P ep tid e P rod ucts o f  activated  leu k o cy tes.
HLA T he Sym bol for the m ajor h isto co m p a tìb ility  C om plex  

in  hum ans.
ligan d  A stru ctu re ơn  One ce ll recogn ized  by a receptor on  

an oth er  cell.
m ajor h isto c o m p a tib ility  c o m p le x  A c lo se ly  lin k ed  se r ies o f  

g en es that acco u n t for the stron g  tran sp lan tation  barrier  
b etw een  in d iv id u a ls .

T r a n s p la n ta t io n  im m u n o lo g y  is  a s u b je c t  th a t e x a m in e s
( 1 )  th e  b io lo g y  o f  t is s u e  a n d  o rg a n  g ra fts  tr a n s íe r r e d  fro m  
d o n o r  s o u r c e s  to  g e n e t ic a l ly  d is s im ila r  r e c ip ie n t s  a n d
( 2 )  th e  a c t iv ity  a n d  m e c h a n is m s  o f  th e  m u lt i ía c e te d  h o s t  

d e f e n s e s  th a t rea ct a g a in s t  th e  fo r e ig n  s t im u lu s .  If th e  
r e s u h a n i  p a n o p ly  o f  a n t ig e n - s p e c i í ìc  c e l lu la r  a n d  h u m o r a l  
e v e n t s  is  n o t  m o d ií ìe d  or  in h ib it e d  b y  X -r a d ia tio n  or  c h e m -  
ic a l o r  b io lo g ic a l  m e a n s  o f  im m u n o s u p p r e s s io n ,  th e y  w i l l  
in e x o r a b ly  a n d  ir r e v e r s ib ly  d e s tr o y  th e  g ra ft. U n d e r s ta n d -  

in g  o f  th e  in tr ic a c ie s  o f  th e s e  r e s p o n s e s  h a s  a c c e le r a te d  
r a p id ly  d u r in g  r e c e n t  d e c a d e s ,  w ith  e lu c id a t io n  o f  th e  
t u n c t io n s ,  in te r p la y . an d  e f fe c t s  o f  th e  c a s c a d e  o f  a d h c s io n  
m o le c u le s  a n d  o th e r  in íla m m a to r y  m e d ia to r s , le u k o c y te

p o p u la t io n s ,  th e ir  r e la t io n s h ip  to  a n t ig e n s  p r e s e n te d  to  

th e m , a n d  th e  in f lu e n c e  o f  a v a r ie ty  o f  e f fe c to r  p r o d u e ts .  
In d e e d , u n d e r s ta n d in g  o f  th e  p r o c e s s  o f  " r e je c t io n ” o f  
fo r e ig n  t i s s u e s  h a s  e v o lv e d  fro m  th e  s im p l is t ic  c o n c e p t  
th a t  s p e c i í ĩc a l ly  s e n s i t iz e d  h o s t  ly m p h o c y te s  in íì lt r a te  
a n d  d ir e c t ly  k ill  th e  tr a n sp la n t, to  th e  m o r e  r e íìn e d  ap -  
p r e c ia t io n  o f  a s e q u e n t ia l  s e r ie s  o f  c e l lu la r  a n d  m o le c u la r  
e v e n t s  o f  a s to u n d in g  c o m p k x it y .

B A C K G R O U N D

T he basic doctrine of transp lan ta tion  is that tissue trans- 
íerred  betvveen đifferent sites on  the sam e ind iv idual 
(autografts), o r betw een genetically  identical tw ins (iso- 
grafts), will hea! and íunction  norm ally . In contrast, 
tran sp lan ts  from  m em bers ol thc sam e spccies (allo- 
grafts) o r from  different species (xenograíts) will be 
rejected  p rom ptly  by the host. The p h en o m en o n  of 
acu te reịection  was deíined du rin g  W orld  W ar 11 by 
gross an d  histologícal exam ination  of sk in  grafts in hu- 
inans and  in anim als. The involvem ent o f im m une 
m echan ism s in  the process was ascerta ined  bv the



o b e rv a tio n  that a “seco n d  se t” of g raíts from  the sam e 
d o io r  w as rejected  a t a íaste r tem po th an  the íirst via 
so n e  type of “m ernory” in tr in s ic  in the rec ip ien t. For the 
n e ;t two decades, how ever, the m osl th a t w as know n 
ab(Ut thesc events w as th a t increasing  n u m b e rs  of host 
lem ocy tes  co llec ting  in  and  arouncl the a llog ra íts  led 
ine<plicably to th e ir  in ev itab le  and  irreversib le  destruc- 
tio i. C ircu lating  lym phocy tes  w ere believed  to  be par- 
tic ila rly  critica l, as ev idence m o u n ted  th a t they w ere 
im portant “im m uno log ically  co m p e te n t” co m p o n en ts  of 
ho5t reactivity. T he c o n tin u o u s  rec irc u la tio n  o f  a sub- 
sta itia l lym phocyte p o p u la tio n  am o n g  th e  b lood , 
ly n p h , and som atic  tissues allow ed the cells to con tac t 
anc respond lo any  an tig en ic  stim u lus in  any ỉocation  
in ihe body.

u also becam e a p p a ren t by d ifferen tia l ab la tion  of 
“c e i t r a r  lym phoid  o rg an s th a t there  w ere tw o m ajor 
cla^ses of lym phocytes no rm ally  p resen t in  the  body. 
T hí eĩíects of rem oval o f the  thym us g lan d  w ere fírst 
ex an in ed  in n eo n a ta l m ice. T he m ajo rity  o f  an im als lost 
w eiịh t, vvasteđ, and  d ied  of lab o ra to ry  in ỉec tio n s . N um - 
ber> of c ircu la ting  lym phocy tes p ro ío u n d ly  decreased  
and p erip h e ra l lym pho id  tissues, in c lu d in g  sp leen  and  
lyirph nodes, a tro p h ied . M ost sign iíìcan tly , sk in  allo- 
g ra ts  healed and grew  h air  no rm ally  in  th o se  thai su r- 
vivíd. H um oral activ ity  w as unaffected . As thym ectom y  
of íd u lt m ice w ith  already  m ature ly m p h o id  tissues 
pro-ỉuces no such effects, it was c o n c lu d e d  that the 
thyũius was ihc Central lym p h o id  o rg an  critica l in 
the early  “schoo ỉing” o f im m atu re  lyn ip h o cy te s  from  
th eb o n e  m arrow . T hese  cells becom e the p rim ary  m e- 
diaiors o f cellu lar im m u n ity  in  the body. ư n a ffec ted  by 
thym ectom y, the p o p u la tio n  responsib le for an tibody  
provluction was n ex t cỉeíìned. T he bursa  o f  F ab ric iu s, a 
lym phocyte-rich b lind  p o u c h  connected  to the cloaca of 
bircs, was íou n d  to have im m unolog ical fu n c tio n . Fol- 
lo w n g  its surgical ab la tion , y o u n g  ch icks b u t  n o t ad u lt 
chickens w ere u n ab le  to form  an tib o d y  ag a in st antigens. 
H ovever, as their ce llu lar im m une m ech an ism s re- 
m a iied  in tact, they  cou ld  still re ject sk in  grafts. 
Subsequent search  for a “b u rsa  eq u iv a len t” o rg an  in 
m an m als  initially  im p lica ted  the tonsil a n d  ap p en d ix  
b u t &nally se tlled  o n  diffuse lym pho id  agg regations in 
the gut and  bone m arrow .

Stim ulaied by these íìnd ings in  the 1960s a n d  1970s, 
im n-unology, tran sp lan ta tio n  bio logy, an d  re la ted  sci- 
eaccs explodcd. Increasing  know ledge a b o u t ce llu lar 
and hum oral activ ity  un leash ed  a to rre n t o f  investiga- 
tions. Effector lym phocy tes w ere found to  req u ire  the 
iníluence oí o th e r su b p o p u la tio n s  before th ey  cou ld  
attain fulỉ íunc tion , as illu stra ted  by the p h e n o m e n o n  
of “Ịielp” given by thym us-derived  (T ) ly m phocy tes  to 
bonc marrovv- o r b u rsa -d eriv ed  (B) lym phocy tes to

p ro d u ce  an tibody , and  the effects of one T-cell sub- 
p o p u la tio n  o n  the behav io r o f o th e rs  via elabo ration  
o f speciíìc p roducts. Iden tiíìca tion  o fh is to co m p atib ility  
an tigens and  de íin itio n  ơf the ir critical role in  the pre- 
se n ta tio n  of an tigen  at bo th  the ce llu lar and  m olecu lar 
levels unfo lded . The in tro d u c tio n  of hyb ridom a tech- 
nology led  to thc creation  of m onoc lonal an tibod ies that 
have allow ed charac teriza tion  of the in ílam m atory / 
im m unological cascade involved in  a variety  of host 
defenses. E labo ra tion  of recep to r physio logy, in tracel- 
lu la r  m ach inery , and  T-cell in te rac tio n  w ith  the m ajor 
h is to co m p atib ility  com plex  (M HC) of ío reign  cells and  
tissues has opened  en tire  fields in m olecu lar biology, 
w ith  íu rth e r  un rave ling  o f the in tricac ies o f host 
im m uno-responsiveness.

ACUTE REJECTION

In  overresponsive  rec ip ien is  o r those in  vvhom im m u- 
n o su p p ress io n  is relatively  ineffectual, acu te rẹ ịection  
o f an o rgan  m ay be a d ram atic  an d  írigh ten ing  event. 
A fter several days o f sa tisfactory  ỉu n c tio n  of a k idney  
tran sp lan t, for instance, levels o f serum  creatin ine  begin 
to rise. The pa tien t often  develops ĩevers and  m alaise. 
T he g raft> easily palpab le  th rough  the low er abdom inal 
w all, m ay en large an d  becom e tender. O ccasionally , the 
tense an d  sw ollen  o rgan  ru p tu re s , w ith  signiíìcant 
b leed ing  in to  the re tro p erito n ea l space.

T h is im m uno log ical d es tru c tio n  of an allograít in- 
volves a cascade of host-clirected , lym phocy te-m ed ia ted  
events. Small n u m b ers  of naive lym phocytes becom e 
speciíìcally  sensitized  by an tig en -p resen tin g  cells in  
the graft. Som e of these stay a t the site; o the rs  circu late  
th ro u g h  host p e rip h e ra l lym phoid  tissues w here they 
d issem ina te  the an tigen ic  m essage and  a ttrac t nevvly 
ac tiva ted  cell p o p u la tio n s  to the íoreign tissues. P rogres
sive in íìltra tio n  by host m o n o n u c ìea r cells is character- 
istic  o f acu te  re jection  of all a llogeneic organs. W ith in  a 
few h o u rs  of revascu lariza tion , increasing  n u m b ers  o f T 
a n d  B lym phocytes en te r perivascu lar areas and  then  
invade the graít substance  itse ir over the n ex t days or 
w eeks. T he p rim ary  responsib ility  of T cells in  the acu te 
d es tru c tiv e  p ro cess  has been  em phasized  in vitro  by 
th e ir  ab ility  to lyse d o n o r target cells d irectly  and  in vivo  
by  the inab ility  o f T -cell-dep le ted  an im als to reject al- 
log ra ĩted  tissues. A llostim ula ted  B lym phocy tes dif- 
ỉe ren tia te  in to  an tib o d y -p ro d u c in g  im m unob lasts  and  
p lasm a cells in  graft and  host lym pho id  tissues w ith in  a 
few days o f tran sp lan ta tio n . A lthough  these secrete  b o th  
an tigen-speciíìc  an d  nonspecific an tibod ies, the ir p re- 
cise ro le in  the acute p rocess rem ains enigm atic. As 
in ílam m atio n  proceeds, the increasing ly  obvious pres- 
ence o f  m acrophages is associa ted  w it h  P r o g r e s s iv e



destruc tion  of pericap illary  ússues, in te rstitia l in ílam - 
m ation, and eventual tissue necrosis. M acrophages have 
several roles in graít des truc tion . They act as aru igen- 
p resen ting  cells to activate lym phocyte popu la tions. 
They are a p rincipal site of con tro l by M H C im m une 
response genes, m ediated  particu larly  by recep to rs  on 
their plasm a m em branes íor som e h istocom patib ility  
antigens. They also elaborate cy tokines vvhen activated , 
particu larly  in te rleuk in  1 (IL-1) an d  IL-6, w hich  have 
speciíìc effects on cells of the h ost and  tissues of the graft.

H ISTO CO M PATIBILITY A N T IG E N S

A ntigens on allogeneic cell surfaces allow  the grafi re- 
cip ien t to recognize that the transp lan ted  tissue is not 
“self.” It has long been  realized thai the im m une re- 
sponses betw een genetically  d issim ilar hu m an s are di- 
rec ted  against a single c luster of alloantigens, designated  
by the W orld  H ealth O rganization  as HLA and encoded  
by MHC genes found on ch rom osom e 6. T here  are two 
MHC anligen  groups: class I (HLA-A and  B) and class II 
(HLA-DR, -DQ, and -DP). HLA, -B, and  -DR are  the 
m ost im p o rtan t targets for h o s t alloreactivity . These are 
expressed on various tissues, m ay be up- o r đow n-reg- 
u lated  by host cells and their p roducts, and  m ay differ- 
entially  in íluence graft rejection . Class 1 an tigens are 
relatively ub iqu itous and are consú iu tive ly  expressed  
on all som atic cells. They in teract exclusively w ith 
ihe cy to tox ic /suppresso r C D 8+ T -lym phocyte sub- 
population . Class II an tigens activate se lecúvely  the 
help er/in d u cer C D 4+ T -lym phocyte su b p o p u la tio n . 
They are d istribu ted  m ore selectively th ro u g h o u t 
lym phoid  tissues and  are p resen t on  various an tigen- 
p resen ting  cells, c ircu la ting  B lym phocytes, and  m ono- 
cytes. U p-regu lation  of these anúgens on  the vascular 
endo thelium  of transp lan ted  organs by early  irýury 
such  as ischem ia/reperfusion  becom e p articu la rly  im- 
po rtan t as the vascular endo thelia l cells are  exposed 
con tinuously  to circu lating  effector cells and  th e ir  Prod
ucts. P articu lar leukocyte-derived  íactors can also stim - 
ulate MHC antigens differentially  by in d u c in g  class II 
gene p roducts or p ro m o tin g  class I an tigens over 
class II. ln terferon-y  (IFN -y), for instance, up -regu la tes 
class [l bu t no t class I anúgens on  several cell types, 
increasing an tigen  p resen ta tion  and  am pM ying  graít 
im m unogenicitv .

A N T IG E N  R E C O G N IT IO N

R ecognition of graft "foreignness” by T lym phocytes 
requires bo th  MHC m olecules and alloan tigen . Allo- 
antigen  is recognized by the T-cell rec ep to r e iiher 
“d irec tly” as in tact allo-M H C on the surĩace of cionor

cells or “ind irectly” as processed  pep tides  derived  from  
d o n o r M HC and  p rese n ted  by rec ip ien t M H C  m olecules 
in the ir p ep tide-b ind ing  groove on  the su ríace of the 
an tigen -p resen ting  cells (Fig. 1). The recogn ition  of a 
foreign pep tìde b o u n d  to a M HC m olecu le  is the phys- 
iological pathw ay by w hich  all m icrobial invaders are 
recognized  and e lim ina ted  by T cells. G enetic  rearrange- 
m en ts  of speciiĩc m olecu les covalently  lin k ed  by disul- 
fide bonds p roduce  com bin ing  sites on lym phocyte 
su ríaces th a t can  recognize v irtually  any antigen. 
A cute rẹịection  is th o u g h t to be m ed iated  prim arily  
by d irec t a llo recogn ition , w hereas the in d ire c t patbw ay 
appears to play a m ajo r ro le in  ch ro n ic  rejection.

A ntigen recogn ilion  by T cells a lone, hovvever, is no t 
sufficient to trigger host events. A iw o-signal process of 
lym phocyte activation  involves b in d in g  ot transp lan ia- 
tion  an tigens to T-cell su ríace recep to rs  (signal 1) co- 
inc iden tally  receiv ing a co -stim ula to ry  signal 2 frum  
ad ịacen t accessory m olecu les (Fig. 2). These inc lude 
a series of re c e p to r—ligand in te rac tio n s such as 
C D 2 —LFA-3 (c lu ster d e te rm in a tes  2 —late íu nc tíon ing  
adhesion  m olecule) and  LFA-1—in te rce llu la r adhesion  
m olecule. A no ther p a rú cu la rly  w ell-charac terized  
com bination  is the T-cell su ríace m olecu le CD28 th a t 
b inds to e ither o f its ligands, B7-] or B7-2, them selves 
expressed  on the  suríace of bone m arrow -derived  
an tig en -p resen ú n g  cells. The in te rac tio n  betw een the 
T-cell recep to r and  ihe M HC alloan tigen  in the presence 
of ap p ro p ria te  “co -stim u la to ry” signals form ing a m ul- 
tim olecular patch  is recognized as the Central event that 
in itia tes lym phocyte ac tivation . This triggers fu rthe r 
events th a t lead u ltim alely  to im m unolog ical rejection .

C E L L P R O D U C T S

W ith  u n d e rstan d in g  o f the  cell popu la tìo n s involved in 
h o sl allo responsiveness has com e app recia tion  of the 
critica l im portance of their p ro d u cts , the cy tok ines 
an d  chem okines (Fig. 3). These m olecules may ac ti- 
vate or in h ib it the (unction  of o the r cell popu la tiiin s. 
A ntigen-activated  m acrophages elaborate IL-1, for 
in stance, a m onok ine  th a t s tim ula tes C D 4+ cells to 
elaborate a series of associated  factors, and  IL-tì, a 
ỉìb rosis-inducing  íac to r associated  w ith ch ron ic  rejec- 
tion. ơ th e r  cy tok ines released by m acrophages and  
im p o rtan t in graft d es tru c tio n  inc lude tum or necrosis  
factor a  (T N F a) and  IFN-y. T-cell- and  m acrophage- 
associa ted  chem ok ines include a series of sm all ino l- 
ecu les such  as RANTES (regu lated  upon  activation , 
no rm al T-cell exp ressed  and secreted) and m onocyte 
chem otactic  p ro te in -1 . These are ch em o au rac tan ts  
th a t b rin g  u n co m m itted  m acrophages to the s ite  of 
inflam m ation.



F IG U R E  1 M echanism s of recogn ilion  o f  alloantigen by thc T-cell rcccplor are show n. “D irect” 
rccogn ition  involves intact allo-M HC on the surface o f  don or cells. “Indirctt” involves processed  
donor MHC peptides presen led  in the an úgen-b ind ing site o f recipienl antígen-presenling cells.

T cells can be d iv ided  in to  two subclasses, T H1 and 
T h2, each  o f w h ich  e labo ra ies d is tin c t cy tok ines w ith  
the ir ow n p ro p ertie s  and  actions. O ne of the m ost im- 
p o rian t, T Hl-d eriv e d  IL-2, stim u la tes activated  T and B 
lym phocy tes to diíTerentiate and p ro liĩe ra te  in  b o th  an 
au to crin e  and a p aracrine  ĩashion. O th e r  cy tok ines en- 
courage B-cell m a tu ra tio n  or affect cell popu la tions in 
the bone m arrow . T Hl-d e riv e d  lFN -y has several effec- 
to r roles inc lud ing  au g m en ta tio n  o f the alloaggressive- 
ness of m acrophages prev iously  u n co m m itted  tow ard  
the foreign tissue, in d u c tio n  and am p liíìca tion  of M HC 
an tigen  exp ression  on  g raft cells, an d  stim u la tíon  of B 
cells to increase an ù b o d y  p ro d u c tio n . T his factor m ay 
also inc rease  lym phocy te  adhesiveness to an  antigen- 
p resen tin g  site by en h an c in g  ex p ressio n  of surface 
LFA-1. F acto rs p ro d u ced  by T H2 cells, p rim arily  IL-4 
and IL-10, in  con trast, are in h ib ito ry  p ro te in s  to T H1 
cells and ac t to balance o r  m o d u la te  the activ ity  of 
effector m olecules. Hovvever, T H2 cells can also in- 
crease the expression  o f B cells an d  im m unoglobu lin  
G p ro d u ctio n .

A ntigen s tim u la tio n  causes T lym phocytes to up- 
regnlate  recep to r exp ression  on  th e ir  suríaces th a t are 
speciRc for tran sĩerrin , insu lin , IL-1, IL-2, an d  o ther 
cell p roducts . The d eve lopm en t of h igh-av id ity  suríace 
recep to rs for 1L-2 (1L-2R) on  m ost ac tiva ted  CD4 and 
C D 8+ T lym phocy tes, som e B cells, den d ritic  cells, and

m acrophages, is particu larly  ỉm p o rta n t in  the re jecú o n  
cascade. B inding of th is cy tok ine to its recep to r is 
fo llow eđ by in te rn a liza tio n  of the en tire  com plex,

APC T cell

F IG U R E  2  The tw o-signal process of lym phòcyte activation is  
noled . Signal 1 involves thc MHC antigen—T -cell receptor inter- 
action. The co-stim ulatorv signal 2 includes a series o f receptor— 
ligand interactions.



TNFa, TGF-p,
11-1, IL 6, IFN-y

FIG URE 3 Activated lyraphocytes and macrophages elaborate a series of cytokines and chemo- 
kines that inílưencc the (unctìon of other cell popưlations.

tran sduc ing  the signal for p ro liíe ra tion  and clonal ex- 
pan sio n  of the an tigen-ac tiva ted  cells an d  driv ing  the 
en tire  rejection  event forw ard. This im p o rtan l trigger- 
ing popu la tion  is rela tively  small; only approx im ate ly  
15% of in íiltrau n g  cells in  acutelv reịecting  rat cardiac 
grafts, ío r in s ta n ce , a re IL-2 recep to r positive. The actual 
k illin g o f íoreign cells m a y o cc u r via speciRc T-cell Prod
ucts, particu larly  granzym e B, a serine esterase p ro te in , 
and perío rin , a po re-fo rm in g  lytic p ro tein . These p lus

o th er efĩector m olecules, in  add ition  to ac tua l cell to cell
in te ractions, p roduce  actual graft des truc tion .

C H R O N IC  REJECTION

The ph en o m en o n  of ch ron ic  re jec tion  is characierized 
by gradual ĩunc tional d e te rio ra tio n  of a grafieđ organ as- 
sociated  w ith  charac terisúc  h istopatho log ica l changes. 
C hron ic  re jection  affects all so lid  o rgan  transplants;



for instance, cadaver k idney  tran sp lan ts  have a haỉf-life 
of less than  a decade desp ite  Progressive im provem ents 
in  early  rcsults. The clinical m an ifesta tions of ch ron ic  
k idney  tran sp lan t re jection  inc lude the developm ent 
and  w orsen ing  o f p ro te in u ria  an d  decline in  o th e r func- 
tional param eters. M orphologically , g lom eru li becom e 
increasing ly  sc lero tic , tu b u le s  becom e a tro p h ic , an d  in- 
te rstitia l íìbrosis increases progressively . The prognosis 
for heart and  lungs is w orse. G raft arte riosclerosis  oc- 
cu rrin g  in  h eart tran sp lan ts  an d  b ro n ch eo litis  o b literans 
develop ing  in lung  tran sp lan ts  are characteristic  
ch ron ic  changes in those organs.

Several risk  ĩacto rs have been  im plicated . A lloanti- 
g en -d ep en d en t ĩac to rs in c lu d e  h istocom patib ility  dif- 
ferences betw een  d o n o r  and  rec ip ien t, the o ccu rren ce  
o f early acu te -re jec tion  ep isodes, and  co n tin u in g  host 
a llo responsiveness n o t fully in h ib ited  by rou tine  im m u- 
nosuppression . A llo an tig en -in d ep en d en t ĩactors in- 
c lude d o n o r b ra in  dea th , ischem ia /reperíu sion  in ju ry , 
and  dono r-assoc ia ted  íacto rs su ch  as age, d iabetes, and  
hỵpertension . T hese  early  in ịu rie s  or co n d itio n s pred is- 
pose the organ to im m uno log ical in ju ry  an d  Progressive 
la te r dysíunction .

T he pa thophysio logy  o f the ch ron ic  process is 
m ư ltifactorial. A critica l íea tu re  o f the p h en o m en o n , 
the com prom ise o f  vessels o r  o th e r ho llow  stru c tu re s , 
is concep tualized  as stem m ing  írom  rec u rren t in ju ry  to 
endo thelia l cells, lead ing  to th e ir  persis ten t activation . 
In itia l acu te dam age, regard less o f etiology, m ay lead to 
u p -regu la tion  of adhesion  m oỉecules, an tibody , and  
a n tig en —an tibody  coraplexes. A sequen tia l pattern  of 
adhesion  m o lecu le  an d  cy tok ine expression  has been  
associated  ex p erim en ta lly  w iih  m acrophage in íìltra tion . 
T h is p o p u la tio n  m ay release cell m ed iato rs inc lud- 
ing  endo thelin , a p o ten t vasopresso r agent, and  IL-1, 
IL-6, T N F a an d  tran sío rm in g  grow th  factor-P , all of

w h ich  are R brosis-inducing  cytokines. G row th factors 
and  o th e r  p ro -in flam m ato ry  m ed iato rs increase the 
d ep o sitio n  of m esangial m atrix . The resu ltan t in tim al 
p ro life ra tion , h y p ertro p h y , and  repa ir p ro d u ce  gradual 
lu m en al ob literation .

T he de le te rious effect of ch ron ic rejection  on graft 
surv ival co n tin u es to red u ce  substan tia lly  m uch  o f the 
p rom ise  tha t tran sp lan ta tio n  can offer pa tien ts w ith 
o rgan  íailure.
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blunt injury A m ech a n ism  o f injury that d e ío rm s tissu e  on  
im pact and cau ses tissu e d isru p tio n  w h en  the e lastic  
lorces o f  the t issu e  are exceedecì. 

hypotension Low b lo o d  pressure.
multiorgan failure M alfu nction  p rogressin g  to co m p le te  

ía ilure o f  vital organ s that o ccu rs after sh o c k  and  
in íec tio n  in a traum a patient. 

penetrating injuries C aused  p rim arily  by stab  vvounds and  
b u llets , these in ju ries are the resu lt o f  c u lt in g  or  
lacerating  tissue. 

peritoneal lavage A tech n iq u e  lo  a ccess h em orrh age in to  ihe  
a b d om in al ca v ily  w h ereb y  a sm all tube is in serted  in lo  
the sp ace and riuid is in stilled  in to  the cav ity  and then  
rem oved  lo  d eterm in e vvhether free b lo o d  is  p resen t. 

shock A m arked decrease in  tissu e  p er ĩu sio n  u su a lly  
associa ted  vvith a fall in b lood  p ressu re that d ep r iv es  
vital l issu e s  o f  o xygen .

Traum a refers to irýuries that cause structu ra l a lterations 
and physiological im balances in ihe body. Physical 
or chemical agents can damage tissue. In general lerm s, 
traum a refers to accidental irýuries, although there are 
occasions, such as w ars or suicide, when traum a is inten- 
tionally inílicted on an individual. Moreover, the surgeon 
who perỉorm s elective surgical procedures causes injury 
to tissue w ith the in itial sk in  incision, yet the circum- 
stances are such that the skin is íree of bacteria, the scalpel 
is sharp, and blood loss is controlled, thus m inim izing 
tissue irýury and its subsequent effects. In  contrast, ac- 
cidental irýury d isrup ts tissues and is associated w ith 
bacterial contam ination and uncontrolled  blood loss. 
The body responđs to such lissue d isrup tion  by đ o ttin g  
the damaged blood vessels to contro l the hem orrhage and 
then in itia tingan  inílam m atory response to clear the dead 
tissue and kill bacteria that have contam inated the w ound. 
Finally, m ajor system ic changes, such as fever, tachy- 
cardia, and increased protein breakdown, occur to sup- 
port this regional inílaniinatory process and to enhance 
w ound healing.

SCOPE OF THE PROBLEM

U ninten tional deaths due to traum a are a m ạjo r 
cause of m ortality  and  disability  in  the U n ited  States, 
occurring  prim arily  in  young  active ad u lis  and  chil- 
dren . In the year 2000, 97 ,300 ind iv iduals died

due to accidem s; a fatal in ju ry  o ccu rred  every 5 min 
and a d isa b lin g in ju ry  occurred  every 1.5 s. The N ational 
Salety C ouncil estim ates th a t ihe cost of these inịuries, 
inc lud ing  lost wages, m edical expenses, property  dam- 
age, em p loyer costs, fire and O lher loss, was $512.4 
b illion  in  2000, w hìch equaled  approx im ate ly  $5000 
for each U.S. househo ld . T he lead ing  causes of un in ten- 
tiona l-in ju ry  dea ih s  in the  U nited  S tates are shovvn in 
Table I.

T he m ajor cause of acciden ta l in ju ries in the U nited 
States is m o lo r vehicle crashes. T here  is a death  every 
12 m in and  a d isabling  irýury  every 14 s due to autom o- 
bile acciden ts. The age g ro u p  m ost aíĩected ranges from 
15 to 24 years bu t the very old ( > 7 5  years) are also 
greatly afỉected. M otor vehicle acciden ts are now  the 
m ajor cause of death  for teenagers. M ore than  orie- 
th ird  of the acciden ts involved an in tox ica ted  o r alco- 
ho l-im pa ired  d river o r n onm oto rist. Tlie increased 
use of recreational d rugs also co n trib u tes  to th is high 
veh ic le -re la ted  acciden t rate.

T here  w ere over 5000 đ eaihs in thc vvorkplace due to 
u n in te n tio n a l in ịuries and  alm ost 4 m illion w orkcrs 
suffered  d isab ling  accidents. This accoun ts íor a Cost 
to A m ericans o f $131.2  b illion , w hich exceeds ihe 
com bined  pro íìts of ihe  top 13 com panies in ihe 
F o rtu n e  500.

A pprox im ately  30 ,000  ĩa talities and over 7 ,000,000 
disab ling  irýuries occurred  in the hom e. There is a fatal 
in ju ry  every 18 m in in  the hom e and  a disabling irỹury 
every 4 s . The leading causes of these latal events are 
po ison ings, falls, (ires an d  bu rn s, and  suffocation.

T here  w ere approx im ate ly  22,000 íatalities in the 
com m u n ity  caused by falls, d row n ing , and tran sp o n a - 
tion acciden ts. M ore than  one-ha lf of the 750 deaths

TABLE I Leading C auses of U nintentional-lrýury 
Deaths in the United Staies. 1998

M otor veh iclc accidents 43,501
Palls 16,274
P oison ing 10,255
D row ning 4 .406
C hoking 3 ,515



resu lting  from b o a lin g  acciden is could  have been pre- 
vented if the v ic tim  had  been w earing a life jacke t.

M E C H A N ISM S A N D  
PATTER NS OF INJURY

T here are two m ain  types of m echanical in ịu ry : b lun t 
and pene tra iing . T he m echan ism s and  the  p a tte rn s  of 
in ịu ry  th a t are su sta in ed  by the body are u n iq u e  to the 
type of in ịury  and  de te rm in e  in large p a rt the  trea tm en t 
and ou tcom e.

B lun t in jury  o ccu rs  in au tom obile  acciden ts, falls, 
o r assau lts w ith  b lu n t objects. The in ju ry  caused  is 
a d e ío rm in g  in ju ry  rela ted  to the 1'orce a t im pact 
th;it a lters lissue shape by com pression . W ith  such 
force, body  tissues s tre tch  and  w hen th is e lasúc  capacity  
is exceeded  the re  is tissue d isrup tion . B lunl in ịu ries 
dam age the sk in  (ab rasions, con tusions, an d  lacera- 
tions), cause bo n e  [ractures, and  resu lt in  visceral or 
v ascu lar ru p iu re . T he speciíìc body part in ju red  de- 
pends o n  the m ag n ũ u d e  of the force, b u t also  ihe íìxa- 
tion  of the spcciíic tissue and  its strength . F o r  exam ple, 
bones such  as the íĩrst tw o ribs, scapula, pelvis, o r íem ur 
art' ex trem ely  d u rab le  and  these areas are írac tu red  only 
w hen  ex trem e Torces are exerted  on these speciíìc  areas. 
In iernal organs ru p tu re  at po in ts of íixa tion  such  the 
falciform  ligam cni o f thc liver, the ligam ent o f T rietz 
th a t h o ld s  ihe sm all bovvel, or the re tro p e rito n e a l 
c e iu m . In ternal irụu ries also occur because o f close 
p ro x im ìty  of o rgans to rig id  ex ternal s tru c tu re s , the 
best exam ple be ing  ihe close prox im ity  o f the b ra in  
to the sku ll.

The four com m on  irýuries observed in u n restra in ed  
drivers are írac tu re  of the íem ur, írac tu re  o f  the  pelvis, 
in ju ry  to  the tho rac ic  cage, and  ừ ac tu re  of facial bones. 
T he co m m o n  p a tte rn  of in jury  seen in a p edestrian  
s tru ck  b y  a m o to r  vehicle is ỉrac tu re  o f the  upper 
th ird  o f the íìbula and  tibia. ỉn ịu rie s  to the ribs and  
abtlom inal v iscera o cc u r if the ind iv idual is throvvn 
on io  the car hood . As the  ind iv idual falls to the  g round , 
head and  íacial in ju ries m ay occur.

P enetra ting  in ju rie s  are p rim arily  causeđ  by stab 
w o an d s and  bullets. T he energy involved w ith  a stab 
w ound  is relativelv low  and hence these w o u n d s  are 
le thal on ly  if a vital organ , such  as the h eart, is pene- 
trai ed. M issile w o u n d s  p ene tra te  by cu tting  o r  lacera ting  
tissue. ỉn  add ition , d ep e n d in g  on the bu lle t type an d  the 
íorce exerted , the re  m ay be extensive tissue dam age due 
to cavitation . T he in ịu ry  pattern  in  p a tien ts  w ith 
p en e tra tin g  in ju rie s  is m u c h  m ore random  an d  d epends 
on the location  o f the pen e tra tio n  and the  cause of 
the injury.

C learly , the success tơ the red u c tio n  of accidental inju- 
ries is p reven tion . Because au tom obile  acciden ts ac- 
co u n t for approx im ate ly  one-ha lf of the dea ths du e  to 
trauma, there is increasing pressure to LUilize preven- 
tative m easures to reduce vehicle accidents. In fact, 
dea th s from  th is cause are decreasing. The public hea lth  
m easu res co n trib u tin g  to th is success inc lude im proved 
design of au tom obiles and  equ ipm en t, the m andato ry  
use o f re s tra in t devices, reduc tion  in highw ay speed, and 
cam paigns against ind ividuals w ho d rin k  and drive.

In the area o f p en e tra tin g  in juries, p reven tion  has a 
role by co n tro lling  gun  use and  gun  availability. This, 
how ever, is an ex trem ely  controversial issue, bu l it is 
qu ìte  clear ihat co u n tries  th a i have gun restric tions have 
a m u ch  low er in ịu ry  rate  related to m issiles than the 
U niied  States.

P reventio ti plays a m ạjor role in in ju ry  reduc tion  in 
the w orkplace. T he high cost of such  acciden ts m ore 
than  justifies p reven tative  p rog ram s and  ind iv iduals 
sk illed  in th is area are ừ eq u en tly  em ployed by large 
com pan ies  to p artic ip a te  in program  p lann ing  and  ed- 
uca tion . A nnual rep o rts  of acciden ls are often m andated  
by governm en ta l agencies.

A ccident p rev en tio n  in the hom e is m ore d ifficuh to 
co n tro l and  occasionally  is rela ted  to the m anu lac tu re  of 
unsaíe  p ro d u c ts  used in the hom e and the sale of Loys 
th a t a re  po ten tia lly  dangerous. C onsum er p ressures 
w o rk  to im prove p ro d u c t design in th is area.

C O N S E Q U E N C E S  O F INJURY  

sh ock

O ne o f the íìrst p rob lem s associated  w ith  in ju ry  is 
b lood  loss or hem orrhage . This m ay be visible, associ- 
a ted  w ith  loss of o r dam age to sk in  or a fraclure of a long 
bone th a t is co m p o u n d ed  and p ro tru d ìn g  th rough  sk in  
and  soft tissue. Hovvever, m uch  b leed ing  is in ternal w ith 
loss accu m u la tin g  in to  cavities ol the chest or th o rax  or 
in to  soft tissue, causing  m arked  swelling.

T he volum e o f b lood  in  an ad u lt rep resen ts approx- 
im ately  7 —8% of the b o d y s  w eight and  b lood p ressure 
is u su a lly  w ell m a in ta in ed  w ith  losses up  to 25% of 
th is am ount. H ow ever, w ith  add itional bleeding, 
hy p o ten sio n , e.g., a low  b lood  pressu re , occurs.

S hock reíers to th is s itu aú o n  w hen b lood  fìow and 
p ressu re  are inadequa te  to sufficiently  oxygenate essen- 
tial tissues of the  body. As a result, the norm al process 
tha t p ro d u ce  h igh-energy  com pounds, such  as ATP, 
w h ich  serve as fuel for cells, is im pa ired  and  cell lunc- 
ú o n  is depressed . Acid accum ulates w ith in  the body



an d  th is  ac idem ic en v iro n m cn t íu r th e r  lim its cardiac, 
rena l, p u lm o n ary , and  b rain  íunction . The hem orrhage 
m u st be co n tro lled  an d  the b lood  volum e restored . The 
la tte r  is accom plished  by s ta rting  an in travenous infu- 
sion  o f a sa lt-co n ta in in g  so lu tion  that tem porarily  ex- 
p an d s the b lood  vo lum e and  raises the b lood pressure. 
W ith  o n g o in g  loss o íb lo o d , the transíusion  of red  cells is 
re q u ừ e d , for these a re  the cells that p rov ided  for the 
oxygen -carry ing  capacity  of blood. The typc of shock  
associa ted  w ith  b lood  loss is re íe rred  to as hypovolem ic 
shock.

T h ere  are  several o th e r  causes of shock  in the in jured  
pa tien t. C ard iac co n tu sio n  o r cardiac tam ponade may 
resu lt in  a falling b lood  p ressu re  because ihe h eart has 
lim ited  ab ility  to p u m p  b lood  th ro u g h o u t the b o d y . This 
s itu a tio n  is referred  to as cardiogenic shock. T here are 
occasions w h en  an in ju ry  to the nervous system  occurs 
and  the b lo o d  p ressu re  falls. The usual in jury  is asso- 
c iated  w ith  sp ina l co n tu s io n  o r transection  of the 
co rd  an d  these s itu a tio n s resu lt in  d iia tion  of b lood 
vessels th a t have b een  in te rru p te d  írom  their nervous 
connections.

S y s te m ic  In ju ry  R e sp o n s e s

T ra u m a p ro d u ces a fairly pred ic tab le and rep roduc- 
ib le set o f  system ic responses. lnitially, in jury  responses 
w ere sa id  to follow  an ebb and ílơw course; tha t is, 
m etabo lic  and  physiologic processes were generally 
s low ed d u r in g  the sh o ck  perio d  and accelera ted  w ith  
ílu id  resu sc ita tio n  an d  resto ra tio n  of blood voỉum e. 
W ith  d eb rid e m en t an d  rep a ir  of the in jured  site, the 
body  increases its responses, presum ably  in an  effort 
to acce le ra te  w o u n d  healing . The clinical m aniíestations 
of th is  response are fever, tachycardia, and increased  
v en tila tio n . T he bod y ’s m etabolism  is altered  and  there 
is in c reased  o x id a tio n  of fat and the accelera ted  b reak- 
do w n  of p ro te in , p resu m ab ly  to prov ide fuel and  am ino 
ac ids for the hea ling  w ound . In short, the p a tien t’s ow n 
tissue  is b ro k e n  do w n  to en su re  tissue repair. W ith  mild 
to m o d e ra te  in ịu ries, these catabolic responses cause 
m in im al deb ility , b u t  w ith  m o re extensive in ju ries 
these  resp o n ses cause m ark ed  w eight loss and  erosion  
of m uscle tissue. T his can  be coun terbalanced  in  pari 
by aggressive n u tritio n a l su p p o rt and exercise. W ith  
w o u n d  hea lin g  a n d /o r  reso lu tio n  of the in jury , the pro- 
cesses aba te  and  the ind iv idual starts to regain w eight 
and  s treng th .

In ỉe c t io n  an d  O rgan  F a ilu re

Skin  is an im p o rta n t b a rrie r to m icroorganism s and 
its in teg rity  is p a ra m o u n t to  deíense against in íection . 
W ith  trau m a to th is  im p o rtan t barrier, the ind iv idual

becom es susceptib le to invasive in íections. T h is situa- 
tion  is com p o u n d ed  by the fact tha t m any in ju rie s  occur 
in env ironm ents w here the w ounds are con tam inated  
by d irt and  o ther debris. W ith  stab ilization  of the pa- 
tient, the w o u n d  m ust be w ashed  and  cleaned in  o rd er to 
reduce the bacterial load and achieve a situ a tio n  w here 
host deíenses can hand le  the n u m b e r of bac teria  tha t are 
p resen t. A ntib io tics are adm in iste red  in travenously  and 
te tanus toxoid  is also given to enhance an tib o d y  pro- 
d u clio n  to the organism s th a t are responsib le  for th is 
po ten tia lly  le thal in íection . O th er in íections m ay be ex- 
pected , particu larly  in the abdom en  if ru p tu re  of an 
abdom inal viscera has occurred . If the p a tien t requires 
long-term  m echanical ven tila tion , associa ted  pneivmo- 
nia is also a possibility.

W itlì the occurrence of shock  and  associa ted  iníec- 
tion , there is a h igh p robab ility  tha t associa ted  organ 
ía ilu re m ay occur. This synd rom e is m an iíest as íailure 
of one or m ore  organs inc lud ing  the kidneys, liver, co- 
agulation  system , lungs, and Central n ervou s system . 
T he cause of th is  sequence of organ ía ilu rc in no t 
know n, but it is hypo thesized  that p ro d u cts  of the in- 
Qam m atory rcsponse overvvhelm the body  an d  cause 
o rgan  dam age. Sequential o rgan  faiỉure is now  ihe 
m ost com m on cause of late dea th s  in the p a tien t w ho 
susta ins traum atic  in ju ries and  the on iy  available 
the rapy  is suppo rtive  care.

Site-Specific Injuries and Their C onsequences 

Head Injuries

ln ju ries to the head  are írequen t, disabling, and  po- 
ten tia lly  ỉife-th reaten ing  because o f the d elica te  n a tu re  
o f the brain . A lthough em ergency  m easures can  be in i- 
tia ted  in the íield  w here the in ju ry  occu rred , careíu l 
rap id  evacuation  of the p a tien t to a hospitaPs em ergency  
íacility  is essential for ap p ro p ria te  d iagnosis an d  
trea tm en t.

Physicians assess the ex ten t o f the p a tien ts  b ra in  
irý u ry  using  a sco ring  system  based on physical signs 
and  sym ptom s. This scoring system  aids p red ic tio n  of 
the m orta lity  an d  m orb id ity  re la ted  to the in ju r)7. For 
exam ple , 10% of ind iv iduals w ith  a score o f 14—15 \vill 
have som e ch ron ic  d isability  rela ted  to the ir in ịu ry  an d  
alm ost all those w ith  a score of 8 or low er w ill have 
d isab ilities and  approx im atc ly  30% will die.

O nce the p a tien t has stab ilized , a co m p u ted  tom og- 
raphy  (CT) scan is ind icated , and  if necessar>', an  em er- 
gency opera tion  is perfo rm ed . These p ro ce d u re s  ain i 
to con tro l hem orrhage and evacuate b lood  clo ts vvithin. 
the brain. In add ition , by o pen ing  the bones of the 
sku ll, the p ressu re  vvithin the cran ium  is red u ced . Be- 
eause the skull is a closed Container, b ra in  svveììing



reíu lis in increased in tracran ia l p ressu re , w hich  at som e 
po n i causes dam age to the Central nervous system . This 
prcssure is careíu lly  m o n ito red  and  can be co n tro lled  by 
w i:hdraw ing íluid from  co m p artm en ts  w ith in  the b ra in  
o r by con tro lling  b lood  p ressu re  and the am o u n l of 
im ravenous ílu id  adm in iste red  to a patien t. This type 
o f care is besi p e río rm ed  in  an  in tensive care u n it, 
particularly  those w ith  ind iv iduals tra ined  in n eu ro su r- 
gical ca re.

Extremity Injuries

These in ju ries involve dam age to the sk in  and soft 
tisíue, irýuries to b lood  vessels an d  írac tu res to the long  
bcnes. All of ihese in ju rie s  m ay occu r in  th esam e patien t 
and be ap p aren t in  the sam e ex trem ity , and such  situ- 
ations are extrem ely  cha lleng ing  to the surgical team . 
W ith the developm ent of refm ed techn iques in  vascu lar 
and periphera l Iierve su rgery , transected  lim bs o r dig its 
car. be re im p lan ted  w ith  a reasonab ly  good chance of 
rehabilita tion .

Injuries to the Abdomen

In juries to the abdom en  vary greatly , d ep en đ in g  on 
the m echanism  of in ịury  an d  ihe force involved. For 
exam ple, approx im ate ly  30%  of stab  w ounds to the ab- 
doraen fail to íully p en e tra te  the su b cu tan eo u s ad ipose 
tissue and do not en ter the abdom inal cavity. The in itial 
ro k  of m edical p rov iders follow ing abdom inal in ju ry  is 
to assess the extern  o f in tra -abdom ina l hem orrhage. 
This is accom plished  by p e río rm in g  a p ro ced u re  re- 
ferred to as peritoneal lavage. This involves p lacing  a 
sm all tube in  the perito n ea l cavity, in sú lling  liqu id  
through the ca the ter, and  th en  w ithdraw ing  the fluid. 
The sam ple can  then be exam ined  to  assess the am o u n t of 
blood p resen t and  a dec ision  can be m ade as to vvhether 
an  operation  is ind ica ted  lo con tro l the hem orrhage . An 
alternate d iagnostic  ap p ro ach  is to use u ltra so u n d  to 
detect the presence of in tra -abdom ina l íluid. A CT scan 
is then perío rm ed  to ĩu rth e r  localize the  site o f in jury .

Extensive in ịu ries to the abdom en  often  involve de- 
struction  of po rtio n s o f the  liver o r the sp leen  and  as- 
sociated dam age to o th e r  organs. These. traum atic  
irýuries are devasta ting , for b lood  loss is m assive and  
tissue dam age is ex tensive and  highly lethal. S urgeons 
often perform  several sequen tia l opera tions in  an  at- 
tem pt to salvage these patien ts. F irst, the b leed ing  is 
stopped and hacterial co n tam in a tio n  con tro lled . Six 
to 12 h after [he in itia l opera tion , w hen  the p a tien t 
has re tu rned  to a inore no rm al physio logical State, 
the ind iv idual is taken back  to the opera ting  room  
and m ore perm anen t rep a ir  of the dam aged tissue is 
undertaken . Several add itiona l opera tions m ay be nec- 
essary before resto ra tion  of the dam aged organs is

satisíactory . T his app roach  is re ỉe rred  to as dam age 
contro l surgery.

Burn Injury

Fires and  exp losions cause cu taneous bu rns, w hich  
are one of the m ost extensive in ju ries tha t can  be sus- 
tained. Burns are graded by their d ep th ; a second-degree  
b u rn  will regenerate  sk in , w hereas a th ird -deg ree  in ju ry  
will requ ire  sk in  graỉting. The ex tern  of b u rn  over the 
body  is expressed  as ape rcen tag e  o f body surface area. A 
60% total body  suríace b u rn  m eans thai 60% of the 
en tire body su ríace is irýured . Both m orb id ity  an d  m or- 
tality  are associa ted  w ith b u rn  size. How ever, the in ju ry  
may be m ore severe w ith  involvem ent of the hands, face, 
and  genitalia and  the associa tion  of inha la tion  o f sm oke, 
w hich  causes in ju ries to the lungs.

B urn pa tien ts  are cared  for in several sequen tia l 
phases. F irst, the  ind iv idual m ust be resusc ita ted  w ith  
in travenous íluid to replace the ílu id  tha t leaks ou t 
ih rough  the area of bu rn . After several days w h en  the 
patien t has stab ilized , the bu rn ed  sk in  can be surg ically  
rem oved and  sk in  grafls app lied  to these areas. T his is 
perfo rm ed  by taking very th in  sections of sk in  from  
u n in ju red  areas. The harvested  sk in  is then  p laced  on 
the site w here the b u rn  occurred . T he d o n o r siie m ay be 
reharvested  in approx im ate ly  2 w eeks, for the  surface 
area regenerates in 7 —10 days. In patien ts w ith  large 
b u rns covering 7 0 -9 0 %  of their body, th is p ro ced u re  of 
grafúng  is qu ite  slow  and  m ay req u ire  1 — 3 m on th s of 
hosp italization . The final stage is rehab ilita tion , w h ich  
is requ ired  to aid in am bu lation , eating, and o lher 
aspects of self-care.
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Traveler s Diarrhea
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diarrheagenic Escherichiũ i ^li A *»vnup oi Escherichia coỉi 
strains that cause diarmt a; i\\»' Sirains are importanl 
causes of diarrhea in inicmaĩional iravclers to tropical 
and semitropical areas enirruirxigenic E. coỉi and 
enteroaggregative E. Ci'!i 

rỉíaximin An unlicensed ancỉ K»rl\ absorbed riíainycin 
antimicrobial agent vv.ih iHiivliN lụaiust enteric bacterial 
pathogens and eííecrive: in reikk mg ihe duration of 
díarrhea when usecl tnenipeuíkiiìỉy. 

lraveler’s diarrhea Diarrhra íhmorcurs \vlu*n a pers-on ìeaves 
his or her home region. consunìiní* ineals at ĩoreign 
eating establishmenis av*vav hom ỉoc.ii medical care.

W hen persons leave th e ir  lionte region they may ex- 
perience d iarrhea, w ith ra.lcs đqx-iiíling on the type of 
food and beverages cons-umeri, ihc place w here they 
w ere consum ed, and thí? he\ 1*1 oí hygiẹne in ihe country  
o f origin and in the  desùnaíion . Mosí cases of d iarrhea 
that occur in high-risk reftion> oi tmpií al and semitropical 
countries are due to ba*-‘teTial 0I1U ropatliogens found in 
food and, to a lcsscr dcgPSí, ỉn bwi‘ĩ̂ gi'!5 Trealmcm is 
direcled  to íluid and s&lĩ replaccment, d irt to facilitatc 
in testinal repair, drugs 10 iinprovr svm ptom s, and anti- 
m ic r o b ia l  th e r a p y  to  e l i ì ĩ ị in .u r  1ỈH' í a u sa tiv e  a g e n t  an d  

cure ihe illness. Vaccint s arc b»:*inj; (icveloped to prevent 
in ỉection  w ith the  m osi coinmon pathogcn, enterotox- 
igenic Escherichia coli.

INTRODUCTION

D iarrhea has h isto rically  hcer. im ponani in m igrating  
g ro u p s w hen  m ov ing  tfriìm one icgion o ĩ the w orld  to 
an o th er. Ít has p laved  .i mạịor ro!c in thc ou tcom e of 
m any w a rsu p  to  the  19lh ccntnry. lì liasbcen knovvnfor 
som e tim e tba t ra tes oí tli an hc.iì iỉlncNs vvere reduced  as 
p o p u la tio n s  rem ain cd  Ì1! a region oi nsk. suggesting  the 
occurrence of natưral LPi.mumiN' \\  iih ihc growing ira- 
p o rtan ce  ot inlernation.1 ua\-;1 \0ì Ị*k';isure and  busi- 
ness, the o cc u rre n ce  an«: scvcrii rravelers d ia rrhca  
have becom e a m a jo r ỊM.ibÌR hcaỉỉh ịs-sue. In ihe past 
20 vears, a great deal h !.s hecn 1' about the inci- 
dence, sources, preven t; )11. and ÚKn>p\- (ìí th is illness. 
A com m only  u sed  deíìm ;.ii'ii uí n a\ !• !>. d ia rrhea  is the 
passage of th ree  o r m< rc II ìlr.-Ịi.vd 'ìiools per day,

together vvith one or m ore ad d itio n a l sym ptom s or 
signs of en teric  in ỉec tion  in c lu d in g  nausea, vom i:ing, 
íever, abdom inal pain  o r crarnps, tenesm us, o r :ecal 
urgencv, after leaving a hom e reg io n  to travcl to a d is- 
tan t locaiion . Illness th a t occu rs sh o rtly  afte r return- 
ing  hom e from  a tr ip  qualiíìes w h en  the exp tctcd  
incubation  period  o f en teric  in íec tio n s of 1 10  7 days 
is considered .

INCIDENCE

Each year m ore  than  600 m illion  perso n s cross inter- 
national boundaries. O f these, m ore than  50 m illion 
travelers v en iu re  in lo  trop ical a n d  sem itrop ical regions 
w ith  recluced hygiene levels a n d  p u t them selves at risk  
íor the d eve lopm en t o f  d ia rrhea . T he worlcl can  be cli- 
vided in to  th ree reg ions based  o n  the risk  of acquiring  
illness by In terna tional visitors. L ow -risk  areas include 
the U nited  S tates, C anada , norihvvestern  E urope , Japan , 
A ustralia, and  N ew  Z ealand , w ith  cỉiarrhea in  intcr- 
national travelers v isiting  low -risk  reg ions occurring  
ai a rate of 2 -4 % . T he h ig h -risk  areas inc lude Laiin 
A m erica, Southern Asia, and  m o st parts  of Aỉrica. T he 
risk  of d ia rrhea  w hen  v isiting  these a reas from  a low -risk  
coun try  is app rox im ate ly  40%. T here  are areas w ith in  
these h igh -risk  reg ions w here the rate o f illness is 
low er am ong  trave lers th an  w o u ld  be expected , su ch  
as C osta Rica an d  Southern A lrica. C o u n trie s  in the 
no rth ern  M edite rranean , C aribbean  co u n tries , Russia, 
and  C hina rep resen t the  th ird  ca tego ry  o f in te rm ed ia ie - 
risk  reg ions vvhere illness ra tes for d ia rrh ea  am ong 
in ie rna tiona l v isitors range from  10 to 20% . Again, a 
hom ogenous risk is n o t seen for travelers to  these re- 
gions. W ith in  the C aribbean , ra te s  are h ig h e r on  certa in  
islands (e.g., Jam aica) than  o th e rs  (B ritish an d  Ư. s. 
V irgin Islands). T he b ac k g ro u n d  rate  o f traveler’s d ia r-  
rhea of 2 -4 % , vvhich is seen in  all travelers, m ay relatt' to 
the írequency  of m eals ea ten  o u t o f the ho m e and pos- 
sibly to psychic stress and  in c reased  a lco h o l consum p- 
tion  seen in  m any travelers. T h is 2 —4% ra te o f illness is 
also seen  am ong p e rso n s from  h igh -risk  reg ions travel- 
ing to lovv-risk c o u n trie s  (e.g., M exicans trave ling  to the 
U nited  States).



RESERVOIRS A N D  ETIO LO GY

In h igh -risk  and  m odera te-risk  areas, íood- and  public- 
hygiene s tan d ard s are low , exp lain ing  the com m on  ex- 
posure to d ia rrh ea -p ro d u c in g  m icrobes. The m ajor 
source of en teric  in íec tion  in h ígh-risk  u rb an  areas 
is c o n tam in a te d  food. G row ing  crops in  pathogen- 
en rich ed  soil, ía ilu re to w ash food item s after harves- 
ting, im p ro p e r h and ling  an d  c ro ss-con tam ination  
w ìth in  k ilchens , and  keep ing  foods at room  tem pera- 
ture betvveen m eal services all co n lrib u te  to w ide- 
sp read  m icrob ia l co n tam in a tio n  of food. Beverages 
may becom e co n tam in ated  because of inadequate  
w ater trea tm e n t and  by g ro u n d w a te r con tam ination  
of w ate r supp lies d u rin g  periods o f heavy rain íall.

The m ajor pathogens of trav e lc rs  d ia rrh ea  are 
bac teria l pa thogens, w hich  exp lain  up to 80%  of illness. 
The m ost im p o rta n t bacteria l pathogens o ccu rrin g  
w orldw idc am ong in te rn a tio n a l iravelers are en tero to x - 
igcnic Eschcrichia colí (ETEC) an d  enteroaggregative E. 
coli (EA EC ), toge ther exp lain ing  app rox im ate ly  half of 
tho illnesses seen. ETEC p ro d u ces a secreto ry  d ia rrhea  
as a re su lt of e labo ration  of tox in s and EAEC produces 
d ia rrh ea  secondary  to an  in ílam m ato ry , ey tok ine- 
m cd ia ted  process. O th er bac te ria l pathogens inc lude 
Cam pỵlobacter ịẹịuni, w hich  is p a rú c u la rly  im portan t 
in  travc lers to Asia, Shigcila spp ., Saỉm onclla  spp ., 
Aerom onas hyclrophila, Plesiomonas shigelloidcs, and 
n o n ch o le ra  Vibrio spp. V iruses, in c lu d in g  ro tav irus 
a n d  N orw alk -like  calciviruses, exp la in  app rox im ate ly  
10% of illness of travelers, and  parasú ic  agents (Giardia  
spp ., Cryptosporidium  spp ., Cycìospora caỵetanensis, 
M icrosparidium  spp ., and Entamoeba histoỉytica) are 
re sp o n sib le  for app rox im ate ly  2% of illness in  In te rn a
tional v isito rs to h igh -risk  areas. P arasitic p a thogens are 
im p o rta n t in  ce rta in  regions o f the w orld. Gíardia  
an d  Cryptosporidium  are com m only  seen in travelers 
to R ussia (particu larly  St. P etersburg ). Giardia  and 
C ydospora  are  com m only  found in travelers to N epal.

C L IN IC A L  FEATURES

M ost p a tien ts  w ith  traveler s d ia rrh ea  (~ 7 5 % ) experi- 
ence the passage o f w atery stoo ls, w ith o u t sign iíĩcan t 
fever, vvith u n trea ted  illness lasting  betw een  5 and 7 
days. A bdom inal cram ps and  p a in  can be disabling. 
All the en te ric  pathogens m e n ú o n ed  above m ay p roduce 
th is syndrom e. In approx ím ate ly  3% of travelers w ith  
d ia rrh ea , íebrile dysen tery  (passage of b loody stools) is 
the clin ical exp ression  of illness and  in these cases, 
s tra in s  o f Shigcìỉa, Cam pylobacter, Salmonella, non- 
cho lera  Vibrio, and  Aeromonas m ay be responsib le. 
In ap p ro x im ate ly  10% of cases, vom iting  is the m ajor

clinical expression  of the illness w here v iruses 
(N orw alk-like ca lc iv iruses o r ro tav iruses) or preform ed 
tox ins of Staphylococcus o r Bacillus cereus m ay explain  
the illness. O ne-fìfth  of pa tien ts  w ith  traveler’s d ia rrhea 
will be conBned to bed, incapacita ted  w ith  the ir illness.

In app rox im ate ly  2% of travelers w ith d iarrhea , 
sym ptom s will pcrs is t for longer than 1 m on th , w ith 
a good percen tage o f these p ersons rem ain ing  ill for
6 m on ths or longer. T hese pa tien ts  w ith  persis ten t 
and  ch ron ic  d ia rrh ea  m ay develop  an  illness com patib le 
w ith irritab le bow el synd rom e o r B rainerd  d iarrhea and , 
in a sm all percen tage, in flam m atory  bow el syndrom e 
m ight be p rec ip ita ted  or u n m ask ed . c. je jun i has becn 
iden tiíìed  as One cause o f ch ro n ic  d ia rrh ea  in travelers, 
w ith sym plom s resem bling  those of irrú ab le  bowel 
syndrom e.

PREV EN TIO N  

Food and Beverage Selection

Ít m ay be possib le to  reduce ra tes of d ia rrhea  by 
selection  of safer item s to eat and  d rin k . Food an d  bev- 
erage co n tam in atio n  by m icrobes is reduced  o r elim i- 
nated  by hea ting  the item  10 59°c. Practically , th is is 
seen for foods tha t are 100  ho t to touch  (steam ing hot 
íoods, coffee, tea, and so u p ). lt is a m istake to assum e 
that cooked  foods are safe. H am burgers, w hich are in- 
variably cooked, o ften  are u n sa íe  because the cooking  
has taken place a t an  ea rlier tim e before consurnption  
and reco n tam in a tio n  has o ccu rred . F oods tha t are dry 
(b read), those th a t have been  peeled  (fru ils), and  
item s that have h igh  sugar c o n ten t (sy rup  and  jelly) 
are generally  safe. Bottled d rin k s  can be considered  
saíe, particu la rly  if ca rbonaied .

Chem oprophylaxis

B ism uth subsalicy late  can be tak en  to prevent tra- 
v e le rs  d iarrhea. T ak ing  tw o tablets w ith  m eals and  at 
bed tim e (eight lablets p e r  day) d u rin g  periods of risk  
vvill p reven t 65% of the illness th a t w ou ld  otherw ise 
occur. A n tim icrob ial agen ts m ay be m ore effective, 
w ith  rates of p ro tec tio n  reach ing  90%. The qu ino lones 
are cu rren tly  the m ost u sed  o u ts id e  o f areas w here 
q u ino lone-resis tan t C am pyỉobacter is com m on, such 
as T hailand , w here One tab let (400 m g norAoxacin, 
500 m g ciproA oxacin , o r 500 m g levoíloxacin) is 
taken daily d u rin g  the p e rio d  of risk.

Im m unoprophylaxis

V accines tha t w ould  p rev en t in fection  w ith  the 
m ost im p o rtan t cause o f traveler’s d ìa rrhea , entero- 
toxigenic E. coli, are be ing  developed . An ETEC



w hole-ce lI-b ind ing  su b u n it of cholera toxin, related to 
ETEC  heat-lab ile  en tero to x in  (LT), given as an  oral 
vaccine on  two occasions, has been  found to be 
~ 8 0 %  effective in p reven ting  ETEC d iarrhea, provided 
the  s tra in s  to w hich  ihe patien t is subsequently  exposed 
p ro d u ce  LT o r co lon iza tion  factor antigens con tained  in 
the vaccine. Research groups are vvorking on a m ulti- 
v a len t vaccine to p reven t trave lers d iarrhea, consider- 
ing  the  m u ltitu d e  of causative agents involved.

TREATM ENT  

Fluids and Electrolytes

As is the case in  all forms of d iarrhea, íluid and 
e lec tro ly ie  therapy  is lundam enial to ireatm ent. In m ost 
cases, encou rag ing  travelers w ith d iarrhea lo take íluids 
(soft d r in k s  an d  soups) and salt (sah ine crackers and 
sou p s) is all that is needed  lo ensure hydration  in these 
o th e rw ise  hea lthy  persons. Special a tten tion  to oral re- 
h y d ra tio n  sh o u ld  o ccu r w ith  inĩants, the elderly, and the 
in íĩrm  w h en  d ia rrh ea  occurs du ring  travel.

Sym ptom atic Treatment

D rugs th a t treat sym piom s may be used to kcep 
irave lers hea lthy  enough  to m ake excursions and  Co 
ĩu n c tio n  w hile  ou l of town. Of ihis g roup  of agents, 
lo p e ra m id e  is the m ost active and will reduce the 
sy m p to m s o f d ia rrh ea  by 60%. N ewer anúsecre to ry  
agen ts, w h ich  act m ore physiologically to reduce the 
loss oí Huids and  salt, appear to havc a bright íu tu re  in 
th is  area. C a lm o d u lin -in h ib itin g d ru ^s  (e.g., zaldaride), 
a ch lo rid e  channel-b lock ing  drug (SP 303), and  an 
e n k ep h a lin ase  in h ib ito r (racecađotril) have all been 
sh o w n  to reduce  the passage o í un íorm eđ stools in 
p a tien ts  w ith  acute d iarrhea. They may not be quite 
as effective as loperam ide , reducíng  d iarrhea by only 
a p p ro x im ate ly  40%, bul their m ore physiologic effect 
su p p o rts  th e ir developm ent and general use.

Antim icrobial Agents

Since m ost trave ler’s diarrhea cases are due to 
in íec tio n  by bac teria l agents, it is not su rp rising  thai 
an tib ac te ría l d rugs rem ain  a m ainstav of therapy. Resis- 
tance to tr im e th o p rim —sulfam ethoxazole, anip icillin , 
a n d  doxycycline is curren tly  hìgh, rcndering  these 
agen ts o f lim ite d  value. The quino lones are the cu rren t 
tre a tm e n t o f choice for trave lers  d iarrhea in adults 
in m o st reg ions oí the w orld. The doses are noríloxacin

400 m g bid, c ip ro íloxac in  500 m g bid, or levoíloxacin 
500 m g qd, for 1 to 3 days, d ep en d in g  on the clinical re- 
sponse. In T hailand , q u ino lone-resis tan t Campyỉobacter 
is a m ajor pathogen . In th is locale and for children 
w ith severe traveler’s d ia rrhea , az ith ro m y c in isp ro b ab ly  
the preferred  drug. The dose of azith rom ycin  for aduhs 
is 500 m g once a day for 1 to 3 days, depending on 
response. For ch ild ren , 5 — 10 m g/kg/day for 1 to 3 days 
for m ore severe cases of trave ler’s d iarrhea is 5Ug- 
gested. A new ly developed trea tm en t for this illness is 
riíaxim in, an un licensed  and  poo rly  absorbed riỉamỵcin 
derivative, w hich has been sh o w n  to be as eífective as 
ciprolìoxacin . The dose of rifaxim in recom m ended 
is 200 m g tid or 400 m g b id  for 3 days. For children
2 —6 years of age, riỉax im in  m ay be given in an  oral 
suspension  at a dose o f 100 to 200 m g bid anc for 
those 6 —12 years of age ihe recom m ended  dose is 
200 to 400 m g bid.

See Also the Follow ing Articles

Anti-Diarrheal Drugs •  Bacterial T oxins •  Campylobacter •  
Diarrhea •  Diarrhea, ln fectiou s •  F oodbom e D iseases •  Food 
P oisoning •  Food Saíety •  Parasitic D isease, Overview
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Trematodes
B r ia n  F . Jo n e s  a n d  M ich ae l  C a ppel l o  
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cercaria  J u v en ile  trem atode stage that is  sh ed  from  an 
in íec ted  snail.

d e lin it iv e  h o st  S p ec ie s  in  w h ich  the adu lt parasite d ev e lo p s  
and  p ro d u ces  eggs. 

digenean H avin g  tw o  h osts.
m etacerca r ia  E n cysted  trem atod e stage; life cycle  c o n tin u es  

fo !lo w in g  co n su m p tio n  by d e fin itiv e  host. 
miiacidium C ilia ted  larval trcm atod e stage thai is released  

from  the egg. 
m o n o g e n e a n  H aving o tie  host.
operculum  H inged p o rtio n  o f  a trem atod e eg g  through

w h ich  the larva h atches.

Parasitic trem atodes (lìukes) consist of m onogenean and 
digenean orders, w hich require one o r more in term ediate 
hosts, respectively, to com plete thc ir life cycle. Only the 
digenean parasites are of m edical im portance to hum ans. 
The m ạjor parasitic trem alodes of hum ans ìnclude blood- 
borne, in testinal, and tissue-dw elling torms. G astrointes- 
tinal sym ptom s, including ahdom inal pain, diarrhea, and 
vom iting, may be accom panicd by system ic sym ptom s.

TREM ATO DE LIFE CYCLE  
A N D  BIOLOGY

The d igenean  (tw o-host) life cycle of a parasitic 
trem atode typically consists of a verteb ra te  prim ary  
host, in w h ich  sexual rep ro d u c tio n  o f the parasite oc- 
curs, and  an  in te rm ed ia te  host, typically  an aquatic 
snail, in  w hich  the parasite rep roduces asexually. 
T his asexual rep ro d u c tio n  p ro d u ces cercariae, vvhich 
are m otile íorm s o f the w orm . After being shed  by the 
in te rm ed ia te  host, cercariae ìnfect the definitive h o st by 
p ercu tan eo u s  p en e tra tio n , or encyst on  aquatic p lan ts  
un til co n su m p tio n  by the v erteb ra te  host allovvs ĩu rth e r  
developm ent. The trem atode life cycle is com pleted  
w hcn  eggs shed by ad u lt w orm s are excreted  in  host 
íeces an d  ha tch  to release cilia ted  m iracid ia, w hich  then 
infect a su itab le  in te rm ed ia te  host.

S truc tu rally , trem atodes are  flat and elongated  
w orm s w hose o u te r suríace (tegum ent) contains 
m icrovilli that b o th  p ro tec t the w orm  and act as a nu- 
tr ien t absorp tive suríace, A dult w orm s possess an terio r 
and veniral suckers, vvhich are useĩu l in m ain ta in ing

a ttac h m e n t to h o st tissue. T rem atodes posses a b lin d  
ìn te stin e  that o rig ina tes írom  the an te rio r su c k e r  and 
p rov ides add itiona l absorp tive  capacity . Inso lub le  in- 
testina l co n ten ts  are regu rg ita ted  th ro u g h  the apical 
sucker, w hereas liqu id  w aste may be expelled  
th ro u g h  specialized  excreto ry  cells (tlam e cells).

D iagnosis o f trem atode  in íecú o n  is com m only  ac- 
com plished  by id en tiíĩca tio n  of eggs in feces o r u rine. 
T he eggs of m o st species are stru c tu ra lly  d is tin c t and 
the d iagnosis can  be m ade by Standard ligh í m icros- 
copy. W ith  the excep tion  of fascioliasis, the d ru g  of 
choice for trem atode  in ĩec tions is p raz iquan te l.

B LO O D  TR EM A TO D ES  
(S C H IS T O S O M E S)

Schistosom es are m ajo r parasites of hum ans; an 
es tim ated  2 0 0 —300 m illion  people w orldw ide are cu r- 
ren ily  in ĩected . The p red o m in an t species of Schisto-  
soma th a t infect h u m a n s  inc lude Schistosoma m ansoni, 
found  in  S outh  A m erica, A irica, and  C aribbean  islands; 
Schislosoma japonícum , w h ich  occurs in  S ou theast 
Asia and  Japan ; an d  Schistosoma haem atobíum , ío u n d  in  
Africa, Ind ia, an d  the M iddle East. In fection  occurs 
w hen  tailed cercariae , aquatic  m otile form s of the  par- 
asite shed  from  an  in íec ted  snail, con tac t and p en e tra te  
the sk in  o f a su itab le  m am m alian  host. After sh ed d in g  
th e ir  tail, the cercariae tran sío rm  in to  the fìrst parasitic  
stage, the sch isto som ula . The sch istosom ula en te r  the 
b lo o d stream  a n d  m igra ie via the c ircu la to ry  system  
th ro u g h  the h ea rt an d  lungs, u ltim ately  reach ing  the 
m esen teric  veins (s. tnansoni and  s. japonicum ) o r the 
veins d ra in in g  the  b lad d er (S. haem atobium ). T he m ales 
an d  íem ales m ate, p ro d u c in g  eggs tha t are released  
in to  the b lo o d stream  and  the in testine  or b ladder, 
d ep en d in g  on  the in fec ting  species.

A cute sch istosom e in íection  m ay be associa ted  w ith  
a varie ty  of system ic sym ptom s, in c lu d in g  fever, chills, 
cough, ab d o m in al pa in , vom iting , an d  u rticaria. These 
sym ptom s generally  o cc u r 4 —8 w eeks after in fec tion , 
an d  co incide w ith  the  em ergence of an tisch istosom al 
an tibod ies. w h e n  associa ted  w ith  s. ịaponicum  infec- 
tion , th is acu te sy n d ro m e is re íe rred  to as K atayam a



fever. C h ro n ic  sch istosom iasis resu lts prim arily  from  
the h o st im m u n e response d irected  against parasite  
eggs. T he eggs of 5. mansoni and  5. japonicum  are 
sh ed  m to  the m esenteric  venules; som e of the eggs mig- 
rate  to the sm all in testine , w here they m ay cause severe 
in te stin a l irrita tion . M any eggs are carried  by the mes- 
en teric  c ircu la tio n  to the liver, w here they elicit an  in- 
tense, im m u n o g lo b u lin  E (IgE )-m ediated  in ílam m atorv  
response . C hron ic  in trah ep atic  in flam m ation  leads 10 
g ran u lo m a form ation  and  ultim ately  scarring  and fibro- 
sis. T hese changes evenlually  cause c irrhosis  of the liver, 
w ith  p o rta l h ypertension , ascites, ío rm atio n  of varices, 
and  sp lenom egaly . Evidence also suggests that the risk 
of h ep a to ce llu la r carcinom a is increased  w ith ch ron ic  
sch istosom iasis . Because 5. haemciLobium, un iike 
s . mansoní and s. japonicum , resides w ith in  the venous 
p lex u s su rro u n d in g  the u rinary  b ladder, eggs accum u- 
late in  b lad d er tissue and are excreted  in the u rine . Pain 
and  h em atu ria  are com m on sym ptom s of in íection  vvith 
5. haematobium, w ith  ch ron ic  in fection  associa ted  with 
an  inc reased  risk  of squam ous cell carc inom a of the 
b ladder.

T he diagnosis of sch istosom iasis is m ade by iden ti- 
fy in g p aras iie  eggsin  the stool (S. mansoni, S.japonicum ) 
o r  u rin e  (5. haematobium) (Fig. 1). Because egg 
ex c re tio n  m ay be sporad ic , co n cen tra tin g  techniques 
m ay be requ íred . Serologic tesúng  is available th rough  
the U n ited  States C en ters for D isease C on tro l and 
P rev en tio n , a lthough  the lesis are n o t rou tine ly  u tilized  
in  clin ical practice.

T he trea tm en t o f s. mansoni and  s. haematobiưm  
in fec tion  is p raz iq u an te l (4 0 m g /k g  orally in tw o di- 
v ided doses); s. ỳaponicum  in fection  is also resolved 
w ith  p raz iq u an te l ( 6 0 m g /k g  in  th ree divided doses).

INTESTINAL TREMATODES 
(FASCIOLOPSIS  BUSKI,  HETEROPHYES  
HETEROPHYES,  AND  
M E T A G O N I M U S  Y O K O G A W A I )

T he life cycle of Fasciolopsis buski requ ires a single snail 
in te rm ed ia te  host, w hich becom es in íected  \vhen eggs 
excreted  in  the feces of an  infected hum an hatch  to 
release a m iracid ium . After developing in the snail, 
cercariae are released an d  encyst on  w ater plants. 
T hese m etacercaria  are consum ed  by the definitive 
host; the released larvae then  m igrate 10 the host 
in testine  and  develop in to  adu lts . Adult w orm s in 
the in testine  d igest m ucosal epithelial cells. w hich 
leads to in ílam m aúon  and  m icroabscess ĩorm ation. 
T he svm ptom s of in feclion  w ith  F. buski include abđom - 
inal or epigastric pain , nausea, d ia rrhea , and vom iting. 
Heavy in íec tio n  m ay he associa ted  w ith iniestinal ob- 
struction  or protein-losing enteropathy. The diagnosis is 
m ade by identify ing  the characteristically  large eggs, 
w h ich  m easure app rox im ate ly  130 by 80 |.im in size, 
in  the feces of an  in íec ted  individual. T reatm ent is 
p raz iq u an te l (7 5 m g /k g ) ,  given in three divided 
doses for 1 day.

Iníection with Iielerophyes heterophyes and Melagonimus 
yokogawai occurs after ingesiing  undercooked (ish 
c o n ta in in g  m etacercariae. T he im m aturc adults then  
m igrate to the h o st sm all in tesiine , w hcre ihey m ate 
an d  a ttach  to the in ie sú n a l m ucosa. Eggs excreted in 
the  feces ha tch  to release m iracid ia , w hich then in ĩect 
an  in te rm ed ia te  snail host. The snail sheds the cerca- 
riae, w hich  infect a second  in term ed ia te  hosl. usually  
a freshw ater fish. S ym ptom s in  the huinan host are 
usua lly  m ild , a lth o u g h  heavily  in ĩected  individuals

F1GURE 1 Eggs from the ihrcc maịor sch istosom e species that infeci hum ans. Schistosom a mansoni (A). Sĩhiyosonui 
ỳa p o n ia tm  (B), and Schistosom a haanatob ium  (C ). Rcproduced w ìth  perm ission  from Ash and O rih d  (1^97). Copyright I 
1997 by the Am erican Society o f C linìcal Pathologists.



m ay experience abdom inal pain , nausea, and  diar- 
rhca. Rarely the parasites w ill e lic it an in testinal 
in ílam m atory  response at the m ucosal surface that 
m ay lead to g ranu lom a fo rn ia tion . T rea tm en t of 
Heterophỵcs and M etagonimus in fec tio n s is  p raz iq u an te l, 
7 5 m g /k g  adm in istered  o rally  in th ree  d iv ided  doses 
t’o r 1 day.

T ISSU E  TREM ATO DES ( F AS C ỈO L A  SPP., 
C L O N O R C H IS  SINENSIS ,  A N D  
P A R A G O N I M U S  W E S T E R M A N I )

T w o species of F asáola  cause  zoono tic  disease in  
h u raan s. ĩa sá o ìa  ìưpalica  (sheep  liver íluke) is found  
in  m ore tem perate clim ates, in c lu d in g  E u rope , the 
Americas, and the M iddle East, w hereas Fasciola 
gigưntica  (cattle liver íluke) is localized  to trop ical re- 
g ions of Asia and Africa. A du lt w orm s, w h ich  reside in 
the  bile ducts, release eggs ih a t m igra te  to the in testin e  
and  are excreted in  feces. A íier h a tch in g  in fresh w ater, 
ihe m iracid ia invade a sna il in te rm ed ia te  host, in w hich  
they  m ultiply and eventually  are sh ed  as cercariae. 
T h e  cercariae a itach  to aqua tic  vegeta tion , an d  w hen  in- 
gested  by a m am m alian  host, excyst and  m igrate to the 
bile ducts. Adults m ate for years, an d  the íem ales release 
eggs into the biliary tree to  co m p le te  the life cycle.

Acute iníection is charac te rized  by a v igorous host 
im m u n e  response d irec ted  at tissue-m ig rating  p arasites, 
and mav be associated w ilh  fever, abdom inal pain , 
sveight loss, and n igh t sw eats. C h ron ic  in ỉe c tio n  is 
o ften  asym ptom atic, bu t m ay be associated  w ith  signs 
o f h iliarv  obstruction , in c lu d in g  jau n d ice , abdom inal 
pain , and íatty food in to leran ce . The diagnosis sh o u ld  
be considered  in ind iv id u als  w ith  eos inoph ilia  and  ev- 
idence of biliary o b stru c tio n  o r  ch ro n ic  liver disease. 
U n ío rtunately , fecal egg ex c re tio n  is no t p resen t d u rin g  
the acute stage of in fec tion  an d  m ay be sp o rad ic  in 
ch ron ically  iníected  ind iv iduals . Im m u n o d iag n o stic  
tests have been developed, bu t are n o t rou tine ly  avail- 
able. The trea tm en t o f fascioliasis is b ith iono l, given 
o rally  a t a dose of 10 m g /k g  for 10 days.

In íection  w ith  the liver fluke Clonorchis sinensís oc- 
cu rs  p rim arily  in  co u n tries  of Asia, in c lu d in g  Jap an , 
K orea, China, H ong K ong, T aiw an, and  V ietnam . 
A dult vvorins, m easuring  10—20 m m  in  leng th  and
3 —4  m m  W'ide, reside in  the b ile  d u c t o f hum ans. 
T w o in lerm ediate hosts a re  re q u ired  for co m p le tio n  
of th e  life cycle. Snails are in íe c ted  w ith  m iracid ia  
that hatch  írom  eggs excreted  in  h u m an  íeces. T he 
ce rcariae are shed from  the sna il h o s t and  in íect a cyp- 
r in o id  fish, w hich, w hen  ingested  by hum ans, releases 
the encysted cercariae (m etacercaria ). Eating raw  o r 
undercooked  fìsh is, the re íb re , the m ajor risk  ĩacto r

for acq u irin g  clonorch iasis. The larvae m ig ra te  from  
the sm all in testine  to the b ile duct, w here they develop  
into adults. W ú h in  3 —4 w eeks follow ing in íec tio n , eggs 
appear in the feces. S ym ptom s o ccu r as a d irec t resu lt of 
the a ttach m en t of the w orm s to the b ile d u c t an d  the host 
response to w orm  antìgens. C hron ic  in ílam m atio n  of 
the bile d u c t may lead to fibrosis and  occasionallv  
c irrhosis , as w ell as to secondary  cholangitis, obstruc- 
tive jau n d ice , and  pancreatitis . In endem ic areas, there  
appears to be an  associa tion  betw een  clono rch ias is  and  
early-onset adenocarc inom a of the gallb ladder. T he di- 
agnosis is m ade by iden tify ing  characteristic  eggs in  the 
feces of an  infected ind iv idual. E osinophilia , leukocy- 
tosis, an d  h y perb ilirub inem ia  are suggestive b u t non- 
speciíĩc labora to ry  íìndings. T rea tm en t consists  of 
p raz iquan te l, 75 m g /k g d iv id e đ  in  th ree doses for 1 day.

T he re la ted  íluke Paragonimus westerm ani, like 
c. sinensis , requ ìres tw o in ie rm ed ia te  hosts lo com plete  
its life cycle. The íìrst host is a snail, w h ich  is in fec ted  
vvith the m irac id ium  stage released [rom  eggs in  the 
feces of the p rim ary  host. T he m iracid ia en te r the second  
in term ed ia te  host, usually  a crab, and deve lop  in to  
m etacercariae. H um ans becom e in íected  w ith  the  par- 
asite by consum ing  un d erco o k ed  crabm eat. T he w orm s 
hatch  in  the sm all in testine , invade the m ucosal ep ithe- 
lium , and  eventually  m igrate to the p e rito n ea l cavity. 
The parasites then  traverse the d iaphragm , w here  they 
reach  the lungs and  p roduce eggs. The eggs en te r  the 
airw ays and are coughed  up , sw allow ed, an d  eventually  
excreted  in  feces. A dult w orm s in  the p le u ra l cavity 
m ay elicit an  in tense  in flam m atory  response th a t trig- 
gers abscess fo rm aúon  and  (ìbrosis. S ym ptom s of 
paragonim iasis inc lude p leu ritic  chest pa in  an d  cough  
p roductive  o f redd ish -b ro w n  spu tum . H em op lysis  is 
rare and m ay signal ru p tu re  o fa  p u lm onary  b loodvesse l. 
O ccasionally , ad u lt w orm s m ay be ío u n d  in  the  heart, 
m ediastinum , peritoneal cavity, an d  even the Central 
n ervous system . The diagnosis is con íìrm ed  by iden ti- 
fying ad u lt w orm s in  tissue specim ens, or eggs in  
spu tum . E osinoph ilia  may be p resen t, a lth o u g h  th is is 
a nonspeciíìc laboratory' finding. The treatm ent of 
paragonim iasis is praziquantel, 7 5 m g /k g  divided in 
three doses for 1 day.

See Also the Follow ing Articles

C estod es •  H elm inth  In ĩection s •  N em atodes •  Parasitic D is- 
eases, O verview

Further Reading

Ash, L., and Orihel, T. (1997). “Atlas of Human Parasitology.” 4th
Ed. ACSP Press, Chicago.



Haswell-Elkins, M. R. and Elkins, D. B. (1996). Food-borne 
trematodes. In “Manson’s Tropical Diseases” (G. c. Cook, eđ.), 
20th Ed., pp. 1 4 5 7 -1 4 7 7 . w. B. Saunders, London.

Madacsy, L., Molnar, T., Nagy, I., Tiszlavicz, L., and Lonovics, J.
(2003). Recurrem nonvariceal upper gasưoim esiinal blecding 
in a patient with gastroduodenal schistosomiasis. Endoscopy 35, 
2 3 0 -2 3 3 ,

Ross, A. G., Bartley, p. B., Sleigh, A. c., Olds, G. R.. Li, Y.. Williams, 
G. M-, and McManus, D. p. (2002). Schistosoraiasís. N. Engl. J. 
Med. 346, 1 2 1 2 -1 2 2 0 .

Watanapa, p., and Watanapa, w. B. (2002). Liver [luke-associated 
cholangiocarcinoma. Br. J. Surg. 89, 9 6 2 -9 7 0 .

Trichineỉỉa
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*T he U n ivers ity  o f  T exas H ea llh  Science  C enter, H ouston , and  TM cM aste i U n iversity , C anada

cy tok in es P ro te in s p ro d u ced  by T cells and o ther  im m une  
ce lls ; tran sm it s ig n a ls  that are im portant for co m m u -  
nication among the cells of the immune system and 
b e tw e e n  the c e lls  o f  the im m u n e sy stem  and  other
ce lls .

T  h c lp e r  1 ( T h i )  c e l ls  P rod uce p ro in flam m atory  cy to k in e s  
su c h  as in ter íeron  Y an d  in te r le u k in -2 , w h ich  are 
im p o r ta n t in m acrop h age activa tion  as w ell as in  
inf]am m aU )ry and a u to im m u n e  reaction s.

T helper 2 (T h2) cells  Produce interleukins (IL-4, IL-5, 1L-9, 
1L -10, and 1L-13) that are in v o lv e d  ìn  co n tro llin g  
h u m o ra l and a llerg ic  im m u n e  resp o n ses .

Trichinella spiralis is a nem atode parasite that infects 
hum ans and a broad range of m am m alian cam ivores and 
om nivores. The resu lting  disease, trichinellosis, is trans- 
m itted  th rough  the ingestion  o f infected meat. Most 
hum ans acquire infection by eating in íected  pork. Exper- 
im ental infections in m ice, rats, guinea pigs, rabbits, and 
dogs have revealed that all stages of the T. spiraỉis Ufe cycle 
occur in a single host. The life cycle involves an initial 
in testinal phase, lasting  for about 3 to 4 weeks, followed 
by a m uscle phase in w hich the parasite encysts and re- 
m ains in the host for life. The extensiveness of its host 
range, its ease of m aintenance in the laboratory, and its 
capacity to  induce a consisten t and m ultiĩaceted inílam- 
m atory response m ake T. spiralis a unique m odel for study- 
ing the in teríace betw een the im m une and physiological 
system s o f  the gastro in testinal tract.

LIFE CYCLE

The life cycle of Trichinella spiralis  has fìve stages, 
of w h ich  the íìrst four are larval and the íìfth is the 
adu lt. T ran sfo rm aú o n  of one stage to an o th er  involves

m olting  by the w orm . In íec tion  is in itiated  w hen a 
h ost ingests the flesh of an  an im al th a t contains the 
first-stage larva. M uscle ússue o f the ingested ílesh 
and the su rro u n d in g  cyst walls o f the  larvae are digested 
in  the host stom ach , releasing  the larval form. On 
passage írom  the stom ach  to the in tcstine, larvae 
im m ediate ly  invade en terocy tes, w here  they develop 
in to  adu ll m ale and fem ale w orm s w ith in  30 hours. 
The b isexual w orm s then  copu la te  an d  3 - 4  days later 
the fem ale w orm s deposit, ovoviviparously, F 2 genera- 
tion larvae in  the in testin a l m ucosa. These "nevvborn” 
larvae access the lym phatics and , th rough  hem atoge- 
nous spread , reach  the cap illaries of skeletal m uscle, 
invade skeletal m uscle íìbers, an d  becom e encapsu lated , 
or “encysted .” T he in lestinal phase of trich inellosis 
lasts ab o u t 3 —4 w eeks, an d  the m uscle phase lasts for 
ihe life of the host. W ith in  the host, the in testĩnal 
vvorm pop u la tio n  is relatively stable d u ring  early infec- 
tion an d  is g radually  dep le ted  as the host develops im- 
m unity . E ncysted  m uscle larvae are no t elim inated  by 
the host im m une response, bu t m ay eventually  becom e 
calciíìed.

P A T H O G E N E SIS OF IN FE C T IO N

Signs or sym ptom s of disease, such  as d iarrhea, ano- 
rexia, p erip h era l b lood  changes, and  m uscle pain , 
are associa ted  w ith  physiological m alíunctions and 
closely track  in ílam m atory  changes caused by the par- 
asite. In ílam m aúon  may be induced  by nonspeciíìc  sú m - 
uli due to traum atic  dam age to tissues or ma)- be 
m ediated  th ro u g h  speciEc im m unological reactions 
involv ing  specitìc cell types and neural pathw ays linked



th ro u g h  cy tok ine in te rm ed iaries. M ast cell, eosinoph il, 
and goblet cell hyperp lasia  characterize  the m ucosal 
tissues in in fec ted  hosts and  are accom pan ied  bv 
physio log ical changes in  d igestion , ab so rp tio n , secre- 
tion , and  m otility . These changes usually  d im in ish  
w hen the in tlam m ation  subsides and  the w o rm s are 
elim inated .

IN FL A M M A T IO N , PATH O LO G Y, 
A N D  IN T E ST IN A L  IM M UNITY

Im m un ity  can be d em o n stra ted  by re in íec tin g  a host 
tha t has been previously  ín íected  o r has b een  “vacci- 
n a te d ”; vaccination  is accom plished  by en te ra l o r par- 
enteral in jection  w ith  an tigens from  som atic  tìssues of T. 
spiralis or from  excretions o r secretions of the  nem a- 
tode. ĩm m u n ity  is eviden t in  that fewer w orm s from  the 
challenge in íec tio n  are able to in íect the host, an d  ihose 
tha t do are elim ínated  at a m u ch  faster rate , com pared  
w ith  a p rím ary  infection. V arious serological o r bio- 
chem ical co rrela tes are also used to m easu re  the im- 
m une response.

IM M U N O L O G IC A L  R EA C T IO N S  
A N D  TH EIR INTERPLAY

ln íec tio n  p ro d u ces an in ílam m ato ry  response in  the 
g as tro in tes tin a l trac t an d  consists of inna ie  and  adaptive 
im m u n e responses. The inna te  response involves infil- 
ira tion  o f the tissue by n eu tro p h ils  and  m acrophages 
an d  is associa ted  w ith changes in  secreúon , m u c u s  pro- 
d u c tio n , and  m otility . T hese changes are m ed iated  by 
cy tok ines such  as in te rleuk in -1  (IL-1). A speciíic  ìm- 
m u n e  respoase  follows and  involves the d iffe renúation  
o f T helper (T h ) lym phocytes in to  subsets tha t are char- 
ac ierized  by specific cy tok ine proíìles; these are referred  
to as T h i or T h2 responses. Trịchịnelỉa  is a potenl. stim - 
u lu s  of the T h2 response, w h ich  is ch arac terized  by the 
secre tion  of IL-4, 1L-5, IL-9, IL-10, and IL-13. These 
cy lok ines in  tu rn  in lluence in testinal physio logy  and 
hence the ability  of the h o st to evict the parasite . 
T hus, Trichinelỉa  in íection  serves as a ro b u st m odel in 
w h ich  not on ly  to study  the m o d u la tio n  of in te stin a l 
physio logy by the m ucosal im m une system , b u t also 
to place these in te ractions in  a con tex t of h o st defense.

S ubsequen t exposure  of the host to T richínella  results 
in  rap id  expu lsion  of the parasite  due to the acqu isition  
of natu ra l im m unity . T his is an  an ú b o d y -m ed ia ted  type 
1 hypersensitiv ity  response. C ytokines from T h2  cells 
stim u la te  B lym phocyte g row th , the p ro d u c tio n  of im- 
m u n o g lo b u lin  E (IgE), and the actìvation of m ast cells. 
M ast cells th a t becom e arm ed w ith  IgE on  th e ir  surtầce

degranu late  w hen  reexposed  to parasite-speciíìc  an ti- 
gens. In the process, 5 -hyd roxy tryp tam ine (5-H T ), his- 
tam ine, and  p ro stag lan d in  are released from  m ast cells 
and  act d irec tly  on ep ithelia l cells and stim u la te  secre- 
tion  of ch lo ride  ions and  w ater. H istam ine an d  5-HT 
stim ula te  ep ithelial cell secretion  th ro u g h  an o th e r  
pathw ay by acting  ind irectly  th ro u g h  en teric  cho liner- 
gic nerves th a t regulate  ch lo ride  secretion . A dditionally , 
m ast cell-derived  5-HT an d  histam ine act on  in te stin a l 
sm ooth  m uscle to cause con traction .

The com plex ity  of the m ucosal im m une response  
has cap tu red  the in te rest of gastroentero log ical re- 
searchers and  has g enerated  insights in to  hu m an  d isease 
states as w ell as in to  new  trea tm en t strategies. The crit- 
ical role o f the T h2 response  in host defense has gen- 
era ted  new  know ledge regard ing  the ab ility  o f T h 
cy tok ines to m odu la te  secretion , m ucus p ro d u c tio n , 
and  gu t m otility . T h is has led to an u n d e rs ta n d in g  of 
how  diseases characterized  by im m une ac tiva tion , such  
as in ílam m ato ry  bow el disease (IBD), d is ru p t in testinal 
physiology to generate  sym ptom s such  as d ia rrh ea  and 
pain. S tudies u sing  the T. spiralis m odel in  certa in  
m ouse stra in s  have p ro m p ied  the no tion  that tran sien t 
in íec tion  an d  im m une ac tivaúon  m ay lead to physio log- 
ical d is ru p tio n  th a t persis ts  long after in fection  an d  in- 
flam m ation  are resolved. This has p rov ided  insigh ts 
in io  a com m on ch ro n ìc  h u m an  cond ition  k n o w n  as 
irritab le  bow el synd rom e (IBS), w hich  m ay develop  fol- 
low ing acu te  in íective gastroen teritis. F inally, the  ro- 
bust n a tu re  of the Th2 response d u rin g  T. spiralis 
in fecúon  has p rov ided  a m odel to lest the co n cep t of 
im m unolog ical d istraction . P rio r exposu re  of the  h o st to 
a T h i s tim u lu sd is tra c ts  the im m une system aw ay  from  a 
pro tective Th2 response , and resu lts in  ch ro n ic  infec- 
tion. C onversely , p rio r  in fec tion  w ith  T. spitaỉis  po lar- 
izes the im m u n e response  tovvard Th2 and  aw ay from  
the de le te rious T h l response associa ted  w ith  experi- 
m ental colitis, w ith  co n seq u en t am elio ra tion  o f colon ic 
in flam m ation. T his strategy  is now  being h arnessed  to 
trea t h u m an  IBD an d  is an  exam ple of the u tiliza tio n  
of nem atode in íec tìon  to explore m echan ism s and  
trea tm en l of h u m an  disease.
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acclimatization P rocess o f  ad ap tation  to a n ew  and differeni 
c lim a te , en v iro n m en t, or situ a tio n . 

bacterial overgrowth A bnorm al b acleria l proliferation; w ilh -  
in  the sm a ll in testina l lu m e n , th is  resu lts in  m u cosa l 
a lie r a tio n s  and ch a n g es  in  b ile  salt m etab o lism . 

malabsorption Im paired or incomplete ab sorp tion  o f  nu- 
trien ts by  the in testin e; can  result from  any ab n orm ality  
in  the p ro cess o f  d ig estio n  an d /or ab sorp tio n  o f  
n u tr ien ts.

o s m o t ic  díarrhea H ig h -o u ip u t diarrhea resu ltin g  from  
in g ested , u nabsorbed  n u trients, w h ich  act as o sm o tic  
a gen ts, d raw in g  frce w ater in to  the in testina] lu m en . 

sp r u e  A w ord  a n g lic ized  by P atrick M anson  in  18 8 0  [rom  the 
D u tch  Lcrm sprouvv, m ea n in g  “tru sh ,” u se d  in se v en -  
teen th  cen tu ry  E urope to d escrib e  a d iarrheal d ìsorđ er  
w ith  oral a p h ih o u s u k era tio n s ,

T ropical sp rae  is a m alabsorption syndrom e of unknow n 
etiology that occurs in residen ts of and visitors to certain 
tropica) and subtropical areas. It is characterìzed bv ab- 
norm alities in the sm all bowel s tructure and funciion that 
lead to chronic diarrhea and m alabsorption w ith niegalo-

blastic anem ia, lor which no speciíìc causes can be iden- 
tiíĩed. Tropical sprue may be the u ltìm ate m aniíestation  j f  
m ultiple diseases w ith d iííeren t etiologies.

INTRODUCTION
D escrip tions of m alabsorp tive illnesses in  the tropics, 
or trop ical sprue, can be ío u n d  in  ancien t medical 
lite ra tu re , b u t little progress has been m ade in the u.v 
d e rs ta n d in g  the exact na tu re  of the disease. Two íactors, 
the typical geographic d is trib u tio n  of sp rue w ith in  the 
trop ics and , in m o d ern  tim es, the response of p a tie rts  
w ith  trop ical sp rue to su líonam ides and  folic acid, h a /e  
allow ed d iffe ren tia tion  of trop ical sprue from  o ther sirn- 
ilar syndrom es previously  described  as n o n tro p ita l 
sp rue, su ch  as celiac disease, w h ich  can be con tro ll-d  
w ith  a g lu ten-free diet. H ow ever, epidcm iologic and 
e tiopa thogene tic  controversies have lim ited  the estab- 
lishm en t of a unan im ously  accep ted  deíĩn ition  of ưop- 
ical sp ru e , and ihe syndrom e rem ains an  enigm atic 
an d  com m onlv  overlooked d iso rder. The absence of a



uuiversal endem icity  in trop ical and  sub trop ical regions 
s ro n g ly  suggests tha i the etio logic o r  p red isposing  
crn d itio n s are geographically  restric ted . M ultip le fac- 
tcrs seem  to plav a ro le  in the genesis and  persistence of 
the clinical m anifesta tions. The d iagnosis can  be as- 
sv.med vvhen o th er causes of m alab so rp tio n  have been 
excluded.

EĨIOLOGY AND GEOGRAPHIC 
DISTRIBUTION

The etiology and  d is trib u tio n  o f trop ical sp rue  still defy 
c rh e re n t exp lanation . D ifferent theories have been  p u t 
forward, inc lu d in g  clim atic  an d  san itary  cond itions, in- 
feJtious agenis, local d ie tary  íactors, an d /o r  im m une 
responses, w h ich  w ould  explain  the o ccu rrence  of the 
d iiease in  som e cases. H ow ever, env ironm en ta l as well 
as hypo the tical genetic factors have e luded  discovery  so 
far, and  instead  of a single disease, trop ical sp ru e  may 
represen t a synd rom e causecl by differeni etio logies, 
each w ith  its ow n d is trib u tio n .

Climatic

Lack of acc lim atizaúon  was One of the in itial explan- 
atỉơns for thc h igher inc idence of trop ical sp rue  am ong 
E uropeans liv ing in ư o p ica l colonies. N aúves w ere con- 
siclered resis tan t to ihe disease, and  adverse clim atic 
cond itions w ere th o u g h t to d is tu rb  the m etabolic 
balance of unacclim atized  people. Some w eather con- 
d iúons, such  as a co m b in atio n  of h u m id ity  and  heat, 
seem ed to co rrela te  w ith  a seasonal varia tion  of the 
disease. Hovvever, a c lim atic  ex p lan a tio n  w as eveatually  
reiected because there w as enough  evidence to suggest 
th.it trop ical sp rue  w as by no m eans absen t in native 
p cp u laú o n s , b u t ra th e r  was overlooked . F u rth e rm o re , 
the disease is not p resen l in all trop ical areas o f s im ilar 
laiitude and  sim ilar a tm o sp h e ric  cond itions, and  it has 
been d escribed  in clìm atically  d iverse regions.

Infectious

T ropical sp rue  has been  considered  an in fectious 
disease because of the endem ic and  epidem ic presen ta- 
tion, the ab ru p t onset, s im ilar to ep isodes of trav e le rs  
d i.irrhea seen in som e cases, the iso la tion  of different 
bacteria in je ju n a l and  stool cu ltu res, an d  the rem ark- 
able response of p a tien ts  to an tib io tic  therapy .

T ropical sp rue occu rs b o th  sporad ically  and in 
w t'll-defm ed ep idem ics, w ith  a pa tchy  d is trib u ú o n  in 
sorae reg ions o í Asia an d  C aribbean  Islands and  at a 
m uch lovver Irequency  in  M exico, C en tra l and South 
A m erica, an d  Alrica. A ttack rates are h ig h e r in  adu lts

than in eh ild ren , w ho are norm ally  m ore frequen tly  
affected by m ost in íeclive d ia rrhea l diseases. T he prev- 
a lence of endem ic tropical sp rue  has n o t bccn  clearly  
established; it tends to be un d erestim ated  b u t m ay be 
dec lin ing  because o f the w idespread  and  early  use of 
an tib io tics for acute trav e le rs  d iarrhea.

Bacteria, v iruses, p ro tozoa , and íungi o r yeasts have 
been  considered  as possible causative agents, b u t 
n u m ero u s  a u e m p ts  have íailed to iden tiĩy  an  agen t ca- 
pable ol p ro d u cin g  all the features of irop ical sprue. 
E n tero iox igen ic co lifo rm  bacteria  (m ain ly  Klebsieỉla  
pneumoniae, E nterobacter cìoacae, a n d  Eschcrichia coỉi)  

in  je ju n a l asp ira tes and  greaier n u m b ers  of co liĩo rm  
bacteria  in stool cu ltu res  have been  found in trop ical 
sp rue  p a tien ts  in P uerto  Rico and Ind ia, buL stud ies  
done in  South Africa have show n no d ifference in  the 
num ber of coliform  organism s, lead ing  to the sugges- 
tion  of a different pathophysio logy . In v isito rs to the 
trop ics, the disease m ay be secondary  to an  im p a irm en t 
in  the expu lsion  of en tero tox igen ic  coliform  bac teria  
from  the gut a íter an episode of acute d ia rrh ea . O th er 
observations have p ro m p ted  the conclusion  iha t One o r 
m ore p ro to zo an  parasiles, su ch  as Cryptosporidium  
parvum, ỉsospora belli, Cycỉospora cayctancnsis, or 
Blastocystis hominis , may play a causative role.. It ís 
also th o u g h t tha t perhaps a yet un reco g n ized  pathogen  
causes p ersis ten t a lim en tary  tract in fec tion  o r tha t d ií- 
Terent in íectious agents speciíìc to geographic areas are 
involved. It is also possible tha t all m icroorgan ism s 
coư ld rep resen t secondary  in fections ra th e r  than 
being  th e  prim ary  cause of trop ical sp rue, as w as found  
to be the case w ith  a supcrim posed  in testinal m ycosis 
tha t was orig inally  im plicated  in  the etio logy of 
t r o p ic a !  s p r u e .

Nutritional

N u tritio n a l deR ciencies and u n sa tu ra te d  fat con- 
su m p tio n  have been  proposed  as the prim ary  causes 
of trop ical sp rue. T he fo nner, hovvever, have b een  elim - 
inated  as causative in  ligh t of the írequency  of trop ical 
sp rue  in patien ts on  a good diet and  the absence of 
tropical sp ru e  in  trop ical areas w here the p o p u la tio n  
exists on  a m arg inal diet, as w ell as the recogn ition  
tha t v itam in  deíìciency can be a consequence o f ra th e r 
than the cause of m alabsorp tìon ; how ever, subclin ical 
folate d efìc ien cy ,b e in g v ery  com m on in  the trop ics, m ay 
be a co n trib u to ry  factor.

T he disease is m ore p revalen t in areas w here  food 
is usually  fried w ith  cook ing  oils rich  in u n sa tu ra te d  
long-chain  tatty  acids, m ainly oleic and lino leic  acids 
(i.e ., from  p o rk  lard , sesam e seeds, and  soybeans), 
w hereas its absence in  A ừica and the E ng lish -speak ing



C aribbean  Islands may be related  to the use of m ore 
sa tu ra ted  oils (i.e., coconu t and  palm  oils) and  the 
co n su m p tio n  of food that is usually  bo iled  ra the r 
th an  íried . This difference m ay be im p o rta n t because 
lino leic  acid exerts an  im portan t in íluence in d im in- 
ish ing  in te stin a l LactobaciUus acidophilus and thus 
p ro d u c in g  an  increase in  coliform  bacteria . M oreover, 
u n sa tu ra te d  oils are th o u g h t to be suscep tib le  to ox- 
idative ranc id ity  a íter p ro longed  storage an d  exposure 
to su n lig h t an d  h igh  tem peratu re , an d  ran c id  d ietary  
fats m ay in d u ce  changes in in testinal íunctions.

The seasonal incidence of trop ical sp rue m ay be 
re la ted  to increased  fat consum ption  d u rin g  national 
ho lidays an d  ĩestivals, as occurs in  P uerto  Rico d u rin g  
C hristm as season, or to increased  fat ox ida tion  d u rin g  
the h o tte r  su m m er m onths, as has been  observed in  the 
P h ilipp ines. T hese íindings p rovide som e exp lanation  
for d isease d is trib u tio n  bu t fail to accom m odate o ther 
features o f the disease, such as epidem ics. The cu rren t 
iren d  tow ard  g lobalization of d iets and foods may even- 
tually  m odify  the role of d ie t in the developm ent of 
trop ical sp ru e , especially  in expatriates.

Tropical Malabsorption

Som e m ild  abnorm alities in  ìn testinal ana tom y and 
physio logy are vvidely p revalen t in  ch ild ren  and adu lts  
in  d iffe ren i parts  of the tropics. In th is subciin ical 
“irop ical en te ro p a th y ,” T cell ac tivation  in  the lam ina 
p ro p ria , m ay be involved in m ucosal abnorm alities; 
th is  en te ro p a th y  is acqu ìred  and  is usually  reversib le 
w h en  a p a lien t leaves the tropics. Its associa tion  w ith  
tro p ica l sp ru e  is unknow n , bu t trop ical en teropathy  
and  tro p ica l sp rue seem  to be two unre la ted  condi- 
tions w ith  tw o different, yet un iden tiíìed , etiologies, 
ra th e r  th a n  two ex irem es of the sam e disease, re- 
sp o n d in g  w ith  differential severity  to un iden tiíied  
en v iro n m en ta l factors. T ropical en tero p ath y  may, 
how ever, ren d e r a patien t suscep tib le , an d  subsequen t 
ex p o su re  to an  unknovvn agent m ay trigger the devel- 
o p m e n t o f trop ical sprue.

Genetic

A ssociations of tropical sprue w ìth  hum an  leuko- 
cyte an tig en s (HLA) Aw-19 and Aw-31 in  P uerto  Rieo 
and  B-8 in  Ind ia have been  reported . It is possib le  iha t 
these associa tions rep resen t po ten tia l for developm ent 
o f d isease in  these p opu la tions w hen ihey are exposed  
to d iffe ren t speciSc bu t as yet u n k n o w n  agents. An- 
o th e r possib ility  is th a t o th e r genes associated  w ith  
trop ical sp ru e  may be in  linkage d isequ ilib rium  
w ith  d iffe ren t HLA genes in d ifferent popu la tions.

T here is no t un iversa l ag reem ent on the events ir- 
volved in  the pathophysio logy  o f tropical sprue. How- 
ever, there have been  consisten t observationí cf 
d ifferent ĩactors th a t m ay in te rac t and  lead to dtve!- 
o p m en t of the clinical m an iĩestations of tropicíl 
sprue.

Basic Lesion

T he in itial le sion  seem s to be an  acute or subcliiical 
in testinal in fecúon , possib ly  d iffering by geogrípby 
and /o r d ie tary  fat in take bu t leading to persiítent 
and repetitive en te ro cy te  in jury . N utrient .ĩial- 
abso rp tion , m ain ly  im paiređ  fat and  folic acìd absírp- 
tion, is secondary  to  m ucosal involvem ent and líads 
to osm otic  d ia rrh ea  and  m alnu trilion . as v/ell as lo 
o the r a ltera tions th a t w orsen  in te stin a l structure, fanc- 
tion, and  recovery . M ajor pathơphysiolog-.c distur- 
bances occur in  the sm all bowel bui cobnic 
dysfunction  m ay also  be found.

Impairment of Intestinal Structure 
and Function

B oth m ucosal dam age and  increased luminaì fat, 
possibly Via g u t ho rm o n es such  as enleroglucigon 
or p ep tid e  YY, lead to sniall in testinal stasis, vvhici re- 
su lts in  bac tcria l overg row th  and  colonization b \ en- 
te ro to x in -p ro d u c in g  coliform s. The en terotoxins cause 
the m ucosal abnorm alities seen in  tropical sprue and 
w eaken  ihe m ucosal resistance to bacterial adheiion. 
At the sam e tim e, there is an  inh ib iú o n  of norm al 
gram -positive ílora. A dm in istra tion  of an tibb tics 
b reaks ih is v ic ious cycle by con tro lling  the abnorm al 
ílora.

T he u n ab so rb ed  in testinal fat, m ainly an excess of 
free u n sa tu ra ted  fatty acids, is th o u g h t to cause inhibi- 
tion  o f N a+ ,K+-ATPase and M g2+-ATPase (y ield itg  an 
increased  m ucosal pH, w hich decreases the ĩolate ab- 
so rp tio n ), and in h ib itio n  o f w ater and  electrolyte intes- 
tinal ab so rp tion ; the la tie r also results irom  cirect 
dam age to co lonocy tes by the u n k n o w n  etiologic h c to r 
of trop ical sprue. P atien ts suffer from  net íluid excretion 
in stead  of the n o rm al net absorp tion . which acds a 
secretory  co m p o n en t to the d iarrhea.

Micronutrient Deíìciencies

Low se ru m  folate levels are One of the most COIĨ m on 
an d  im p o rta n t {ìndings of irop ical sprue. V itam h  R p  
deficiency occurs as the dam age progresses. Both nú- 
c ro n u tr ie n ts  play an im portan t role in tissues w iu  the



fastest cell tu rnover, nam ely  the sm all in te sú n e  and  
tho bone m arrow , w hich  ch arac terizes  and  p erp e tu a te s  
thc m a.n clinical m an iíesta tions. A lthough trop ical 
sp rue is characterized  by a deficiency of all n u trien ts , 
treatm ent w ith only folic acid has tens en terocy te  recov- 
erv and usually secures clin ical rem ission .

Digestive Abnormalities

Im pairm ent of the p roxim al gu t m ucosa may lead  to
a reducúon  in  m eal-stim ula ted  ex o c rin e  pancreatic  se- 
cretions. This hyposecretion  is associa ted  w ith  the  de- 
grce of ducdenal a trophv  and  it seem s to be seco n d ary  to 
d im inished p ro đuctìon  and  release ol pancreaiic  secre- 
tagogue horm ones, such as secretin  an d  cho lẹcystok i- 
n in . Also, m ost patiem s exh ib it lactose in to le ran ce  due 
10  uniform ly reduced  levels of d isaccharidase  activ ity  
in  the airophic je junal m ucosa. T hese anatom ic ab n o r- 
m alities rcsult in  a w orsen ing  of the osm otic  dia- 
rrh e a  because DÍ deíìcien t n u ir ie n t digestion . Both 
cond iticn s im prove w hen p a tien ts  receive the speciiìc  
trea tm en t for tropical sprue.

CLINICAL FEATURES

N o single clìnical m an iíesta tion  o r labo ra to ry  abno rm al- 
ity is diagnostic oí trop ical sp rue. The o u ts tan d in g  
classical svm ptom  is ch ron ic  o sm o tic  d ia rrh ea  and  
the clínical spectrum  is rela ted  to  the d u ra tio n  of 
thc disease and the n u tritio n a l back g ro u n d  o f the 
indìvidual.

The early phase of (he d isease is characterized  by 
d iarrhea of variable in tensity , w ith  pale, fetiđ, and  
greasy stocls; abdom inal d istension ; p ro m in e n t bow el 
sounds; anorexia; an d  fatigue. T ro p ica l sp rue  usua lly  
begins aíter years in  the trop ics, b u t m ay appear w ith in  
a sh o rt period of arrival o r  m ay o ccu r even m o n th s  o r 
years after leaving a tropical lo caú o n . Also, it m ay de- 
velop as an acute a ttack  o f w atery  d ia rrh ea  associa ted  
vvith fever .md m alaise follow ed by ch ro n ic  m anifesta- 
tions. This latter deve lopm en t u sua lly  occurs d u rin g  
epidem ics and/or in  ío reign in d iv id u a ls  living in  en- 
dem ic areas. In general, ch ro n ic  d ia rrh ea  w ith  lactose 
intolerance, proơressive w eight loss, an d  m egaloblastic  
anem ia are com m only  described. S ubsequently , clin ical 
findings of nu trilional and v itam in  deíìciencies becom e 
p rom inen t as a consequence of m alab so rp tio n  an d  re- 
d uced  dietary in take secondary  to  anorex ia . It is im por- 
tan t to note that glossitis, stom atitis , edem a, or o th e r 
data  related to n u tritio n a l deíiciencies, a lth o u g h  
com m on, are not consisten tly  p re se n t an d  p red o m in a te  
in undernou rished  ind igenous popu la tions.

DIAGNOSIS

T ropical sp ru e  sh o u ld  be suspected  in any p a ú e n t w ho 
lives, has lived, o r v isited  the trop ics and  p rese n ts  w ith  
ch ron ic  d ia rrh ea  w ith  or w ith o u t clinical evidence of 
in testinal m alabsorp tion . The iìrst s tep  in d iagnosis is 
the exc lu sion  of a specific cause oF ch ro n ic  d ia rrh ea  
and  then  the assessm ent of in testin a l ab so rp tio n  an d  
m orphology . T hus, a com plele and  specia lized  
w o rk u p  m u st be done to exclude o th e r d iseases 
w ith sim ilar m an iĩestations, inc lud ing  b ac leria l over- 
g row th , celiac disease, and , particu larly , parasitic  in- 
ĩection , w h ich  m ay resem bìe or coexist w ith  trop ical 
sp ru e , ex ace rb aú n g  its  clinical p resen ta tio n , m ain ly  in 
endem ic  areas.

Malabsorption Assessment

The m alabso rp tion  syndrom e can be estab lished  
w ith  fecal fat quan tiíìca tion , D-xylose, an d  S chilling  
tests. Fat m alab so rp tio n  is n o t consisten tly  p resen t. 
S erum  beta-caro tene may be used as a íìrsl-line screen - 
ing  test for fat absorp tive capacity . Xylose ab so rp tio n  is 
a lm ost un iío rra ly  decreased , m ak ing  il a sensitive test, 
a lth o u g h  w ith  low speciHcity. M alabsorp tion  o f v itam in  
B j2 an d  folic acid is p resen t in nearly  all cases, ren d e rin g  
se rum  levels o f ihese n u tr ie n ts  low. H ypoalbum inem ia 
can be secondary  to im paired  p ro te ìn  ab so rp tio n , b u l 
also to inadequa te  d iet, excessive in te stin a l loss, and  
red u ced  syn thesis  by the liver.

Morphological Alterations

The je ju n a l m ucosa seem s to be the m ain  ta rge t in  
trop ical sp rue , bu t the  en lire  sm all bow el is affected in  
advanceđ  stages. T he degree of m ucosal ab n o rm alities  
co rre la tes w ith  the severity  of the m alabso rp tion . M or- 
pho log ical a lte ra tio n s can  be identified  rad io log ically  or 
endoscopically . O ne o f the m ain  values of b o th  types of 
exam ination  is the exclusion  of o ih e r specific d iso rders.

A bnorm alities in  the barium  sm all bow el follow - 
th ro u g h  ex am in a tio n  tend  to be som evvhat d iffuse 
and  nonspeciíìc . T here  is a slow  transit o f the co n tra st 
m ateria l th ro u g h  the gut, an  increase in the caliber of the 
sm all in testine , and  th icken ing  o f the folds. The endo- 
scopic eva lua tion  can  reveal scallop ing  of the valvulae 
conn iven tes and  a m osaic p a tte rn  of the m ucosa sim ilar 
to th a t seen in  p a tien ts  w ith  celiac disease. It also enables 
a tissue b iopsy , w h ich  is necessary  to exc lude o th er 
d iseases.

In testinal specim ens tencl to exhib it a variable loss of 
vìLlous p a tte rn , w ith  increased  cryp t d ep th  and  cell hy- 
perp lasia , ap p a ren tly  resu lting  from  iacreased  cell 
p ro d u c tio n  an d  m igra tion  to rep len ish  cell loss.



These íeatures tend  to decrease in severe lesions. T here 
are lym phocytic and  p lasinacytic in íìltra tes in  the lam- 
ina p ro p ria  and  íncreasing  plasm a cell in fìltrates w ith  
chronicity . Also, lip id  d rop lets  sta ined  w ith oil red  o  
have been  consisten tly  found  in a th ick en ed  basem ent 
m em brane sub ịacen t to the in testínal ep ithelium . This 
íìnd ing  sharp lv  con trasts  vvith lipid deposits  in  o th e r 
cond itions b u t it  is n o t pathognom onic .

TREATMENT

T he p rio rities in  the in itial m anagem ent of tropical 
sp rue  are the resto ra tio n  of w ater and  electro ly te bal- 
ance and  rep lacem ent of nu tritio n a l deíìciencies, m ainly 
folic acid  and  vitarnin BI2. Sym ptom atic trea tm en t w ith  
an tid ia rrhea l d rugs m ay be required . P harm acological 
doses of folic acid  (5 m g, by m ou th , one tim e claily) lead 
to a great im provem en t in  clin ical and  hem atologic 
m anifesta tions w ú h in  10 days, ìnc lud ing  d iarrhea , 
even if  trea tm en t [ails to com pletely  co rrec t gu t abnor- 
m alities. H ow ever, ihe response to this single trea tm en t 
d ep en d s on the ch ron ic ity  o f the in testinal lesions. On 
the o th er hand , sh o rt-te rm  an tib io tic  therapy  w ith  tet- 
racycline (2 5 0 —500 mg, by m ou ih , four tim es daily) or 
succinylsufaih iazo le (4 g , by m ou th , one lim e daily) 
im proves in testinal m orphology  and  gastro in testinal 
sym ptom s significantly. C oniroversy  exists regard ing  
the role o fb ro a d -sp e c tru m  an tib io tics and  the d u ra tio n  
of trea tm en t. A th e rap eu tic  ap p ro ach  w ith  bo th  folic 
acid an d  an tib io tics, usually  given over a period  of 1 
to m ore than 6 m on ths , is recom m ended . T he ra te  and 
tim e of recovery m ay vary in d ifferen t po p u la tio n s b u t a 
com plete and  p erm an en t cure is expected , m ain ly  in 
expatria tes leaving the tropics. R ecurrence o fsy m p to m s 
years after d isco n tin u in g  trea tm en t has been  repo rted  
in som e native patien ts.

If there is u n ce rta in ty  in  the d iagnosis of tropical 
sp rue  in  endem ic areas, trea tm en t based on  íolic acid 
and an tib io tics may be w ise because there is a rapid

clinical recovery  in  these cases, an d  the approa ih  
can be used as an em piric trial. The efficacy of broaiị- 
sp ec tru m  an tib io tics, the d u ra tio n  o f trea tm en t, a id  
evaluations o f long-term  follow up of patien ts needs o 
be assessed. Im portan tly , iden tiíìca tion  of a clear etid - 
ogy w ould  allow  a m ore speciíìc the rapeu tic  app roac i.

See Also the Following Articles
Bacterial Overgrowth • Celiac Disease • Diarrhea • 
Malabsorptiuon
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Trỵpsin
JOHN A. WlLLlAMS

Universitv of Michigan, Ann Arboì'

emcrokinase T he enzyme present on the brush border of 
small intestinal enterocytes ihat cleaves trvpsinogen, 
producing trvpsin 

serine proleases Family of proteolytic enzymes with a 
common meehanism of acúon involving a serine residue 
at the active site. 

trypsin activation peptide The amino-terminal portion of 
trypsinogen that is cleaved to release trypsin. 

trypsinogen The inacLive protein precursor of trypsin 
normally activated in ihe intestinal lumen.

T rypsín  is a pancreatic prolease that plays a key role in the 
d igestion of nu trien ts in the sm all intestine. Its p recursor, 
Irypsinogen, constitutes approximately 20% of the pro- 
lein in pancreatic juice. In hum ans, there are three forms 
of pancreatic trypsinogen, each coded for by a unique 
gene. The two m ajor form s, anionic trypsinogen, also 
known as trypsinogen-1, and the more abundant 
cationic ưypsinogen, trypsinogen-3, have very sim ilar 
m olecular m asses, being approxim aiely 25,000 Da vvith 
89% homology at the am ino acid level, bui can be diffcr- 
en liated  im m unologically. The cationic form has more 
basic lysine residues and a m ore basic isoelectric point. 
A th ird  variant, m esotrypsinogen or trypsinogen-2, is less 
abiindant and has an in term ediate  isoelectric point. All 
three íorm s can be separated  by tw o-dim ensional gel elec- 
trophoresis. In the rat, four form s of trypsinogen have 
becn identiíìed at the protein  level, w ith the anionic 
and cationic íbrm s being m ost abundant. A lthough tryp- 
sinogen was originally thought to be expressed only in 
the pancreas, recently two variants have been identiíìed 
in ovarian and colon cancer. A trypsin-like p ro te in  has 
also been identiíied in sperm .

SYNTHESIS AN D ACTIVATION  
o r TRYPSIN

All trvpsins are syn thesized  as an  inactive p recu rso r, 
trypsinogen , p resum ably  as a pro tective m echan ism  
to prevent p rem atu re  activ ity  in  the pancreas, w hich  
could  lead  to the inA am m atory  disease pancreatitis . 
As w ith o ther pancreatic  digestive enzym es, trypsino- 
gens are p rocessed th ro u g h  the Golgi appara tu s  and 
packaged in to  zym ogen g ranu les to aw ait secre tion  by 
exocỹtosis. This packag ing  can also be co nsidered  a

p ro tec tive  m echanism . T rỵpsin  is p ro d u ce d  by cleavage 
of an N -term inal pep tide, A la-Pro-Phe-A sp-A sp-A sp- 
Asp-Lys, an d  the tetra-aspartv l g roup  is p resen t in trvp- 
sinogens of m ost species. This pep tide , knovvn as the 
trypsin  activa tion  pep tide , can  also be assayed and  used 
as a m easure of trypsinogen  ac tivation . C leavage of tryp- 
sinogen  can be b ro u g h t abou t by trypsin  itself at a low 
ra te  and  m uch  m ore efficiently by the in testinal p ro te- 
ase, en terok inase , a large p ro te in  p resen t o n  the lum enal 
surface of cells lin ing  the u p p e r in testine . T his activation  
occu rs in  the in testinal lum en  and begins an  activation  
cascade tha t then  activates all the o th e r p ancrea tic  pro- 
teolytic enzym es and m uch  of the lipase activity, the 
la tte r th rough  activa tion  of colipase (Fig. 1). E nterok i- 
nase activ ity  is enhanced  by low  levels of ca lc ium  and 
bile salts. T rypsin  is far m ore efficient a t ac tiva ting  the 
o lh er enzym es than  it is a t ac tivaúng  itself. M oreover, 
the pancreas also synihesizes sm all am o u n ts  of a pan- 
creatic  secretory  trypsin  in h ib ito r  (PST1), w hich  is 
packaged w ith  trypsinogen  in zym ogen g ranu les and 
is capable of in h ib itìn g  sm all am o u n ts  of active irypsin. 
T rypsinogen  can also be aclivated  by ce rta in  cathepsins.

Trypsinogen

Enterokinase
ị  Fast

Trypsin + TAP-T-----►  'ry i

Slow
Fast

Chymotrypsinogen —

Prodastase ------------

Kalikrcínogen --------

Procarboxvpeptidase A 

Procarboxypeptidase B 

Prophospholipase A2 -  

Procolipasc -------------

Chỵmotrypsin

Elastase

Kalikrein

Carboxypeptidase A 

Carboxypeptidase B 

Phospholipase A2 

Colipase

FIG U R E 1 The pancreatic enzyme activation cascade. Tryp- 
sinogen(s) and other pancreatic secretory enzymes arc secreted 
into the intestinal lumen aspart of pancreaticjuice. Trypsinogen is 
acúvated by enterokinase, which cleaves an amino-terminal acti- 
vation peptide (TAP). Active trypsin then cleaves and activates all 
of the Olhcr pancreatic proteases, a phospholipase, and colipase, 
which is necessary íor Lhe physiological action of pancreatic 
triglyceride lipase.



lysosom al p ro teases that are active a t low  pH , b u t these 
are n o rm ally  kep t in  a separate co m p artm en t in  the cell. 
A ctivation  o f trypsinogen  by  cathepsins is th o u g h t to 
p lay  a ro le  in  the genesis of acute pancreaú tis .

ENZYMATIC ACTION OF TRYPSIN

This enzym atic activity of trypsin  is d irec ted  at the car- 
boxyl m oiety  of the basic am ino acid residues lysine and 
arg in ine  in  pro teins. Physiologìcally, try p sin  is an  en- 
d o p ep tid ase , b reak ing  dow n p ro te in s  and large pep tides 
in to  sm all pep tides. It is a serine protease w ith  an  active 
site tha t co n ta in s  a Ser, His, Asp catalytic triad  th a t is 
sha red  w ith  o ther serine proteases. Its specificity  is the 
resu ll of a u n iq u e  b ind ing  pocket that co n ta in s  two 
glycine residues. T here are a nu m b er of n a tu ra l and 
syn the tic  inh ib ito rs that w ill inactivate try p sin  e ither 
reversib ly  o r irreversìbly. T rypsins are active over a 
w ide pH  range from  6 to 9 and are m ost active at 
pH 7 .5 —8.5. Calcium  ion enhances trypsin  activity  
b u t is n o t essential. T rypsins can be assayed w ith  low- 
m o lecu lar-w eigh t subsira tes possessing an acy largin ine 
ester or an amide Slructure where activity is m easured

as a resu lt of a co lored  o r [luorescen t p roduct. T rypsii- 
ogen in  plasm a can also be m easured  by rad io im m um - 
assay o r enzym e-linked  im m u n o so rb en t assay, and a 
u rin a ry  d ipstick  sensitive to lrypsinogen-2  is being evíl- 
uated  for use in d iagnosis of acu te pancreatitis .

Recently , hered itary  p ancreatitis  has been show n o 
be associa ted  w ith specific m u ta tio n s in  cationic try>  
sinogen  or PST1. T hese m u ta tio n s resu lt in  r e d u a d  
inactivation  of trypsin  and are believed to lead to p iỉ-  
m atu re  activation  of trypsin  in the  pancreas w hen ass>  
ciated  w ith o ther provocactive events.

S ee  A lso  th e  F o l]o w in g  A rtic le s

Pancreatic Digestive Enzymes • Pancreatic Enzyine Secretnn 
(Physiology) • Pancreatitis, Hereditary
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Tumor Necrosis Factor~a (TNF-a)
L a u re n c e Jo h n  Egan 

M a y o  C ìin ic

caspases Proteases that operate in a cascade to initiate 
programmed cell death. 

chemokine A chemotactic cytokine, i.e., a secreted polvpep- 
tide hormone that promotes the migration of cells along 
a concenlration gradient. 

cytokine A secreted polypeptide hormone that inieracts with 
cell svưlace receptors to activate immune and other 
mechanisms.

ectodomain The extracellular portion of a inolecule thai 
spans the plasma membrane. 

m ito g e n -a c tiv a te d  p ro te in  k in a se s  Enzymes in v o lv e d  in  llie  
transmissìon of signals from cytokine and other recep- 
tors to downstream Iranscription factors. 

transcription ĩactor An intracellular protein thai regulates 
gene iranscription.

Tum or nccrosis factor-a (TNF-a) is one m cm ber of a 
superĩam ily of relaled cytokines. This cytokine is 
syn thesized  by cells and released into the extracellutar 
space. Through the interaction w ith  speciíìc cell surlace 
recep tors on target cells, TNF-a in itiates cascades of in- 
tracellu lar events that affect cellu lar m etabolism , viabil- 
ity, and  gene expression. The net resu lt of these effects is 
highly variable, depending on the cell type and on (he 
iníluence of other ĩactors. In general, TNF-'y induces 
innate im m une m echanism s and thcreby prom otes in- 
Aamm ation, but it is also a critical regulator of cell sur- 
vival. Elevatcd concentrations of TNF-a are characteristic 
ol m any chronic inílam m atory diseases. Strategies to 
inhibit the biological íunclions of TNF-7. have proven



effective in the contro l of certain  o f these diseases, aotably  
C ro h n ’s disease and rheum atoid  arth ritis.

INTRO DU CTIO N

T u m o r n ecrosis ía c to r a  (TNF-oc) w as íirst iden tiíied  as a 
s o lu b le  fac to r  th a t  in d u c e d  d e a th  in t r a n s ỉo r m e d  cells. 
In d ep en d en tly , a m olecu le k n o w n  as cachectin , w hich 
inciuced w eight loss w hen  overexpressed  in an im als, 
w a s  described . C lon ing  of the genes encod ing  T N F -a 
a n d  cachectin  revealed  tha t these are in  fact the sam e 
m olecu le. S ubsequen t s tu d ies  over the past 2 0 —25 years 
have revealed  diverse and  p o te n i effects of TNF-C( 
on ce llu lar functions tha t resu lt in c riúcal ro les for 
th is  cy tok ine in  m am m alian  physiology and  patho- 
physio logy. T he c lo n in g  o f genes closely re la ted  to 
T N F -a  has revealed  th a t th is cy tok ine is p art of a larger 
superfam ily  of re la ted  m olecules. Two recep to rs  that 
m ed ia le  the biological ĩu n c tio n s o f T N F -a have been 
iden tilĩed . This article  exam ines T N F -a  w ith  p articu la r 
em phasis on the factors th a t regulate  i t s  release, its 
a c tio n s  on cells, and  its role in  ch ron ic  in ílam inato ry  
diseases.

S y n th e s i s  a n d  S e c r e t io n  o f  TNF-a

M any cell types, in c lu d in g  im m u n e cells such  as 
m onocy tes , m acrophages, and  lym phocytes, bu t also 
ep ithelia l cells, endo the lia l cells, and  connective tissue 
cells , can p ro d u ce  T N F -a. U nder basal physio logic con- 
d itio n s , cells secrete  very little T N F -a, b u t m any s tim uli 
can in d u ce  cells to release T N F-a. For exam ple , stim - 
u la tio n  by the p ro -in flam m ato ry  cy tok ines in te rleu k in - 
1, in te r íe ro n  y, o r T N F -a, in íec tio n  by invasive m icrobes 
su ch  as Salmonella,  exposu re  to lipopolỵsaccharide 
from  gram -negative bac teria , o r engagem ent of the 
T-cell recep to r can resu lt in d ram atic  u p -reg u la tio n  
of th e  release of T N F -a  from  various cell types. N um er- 
o u s  exogenous agents, such  as g lucocortico ids or 
cyc losporin , a n d  en d o g en o u s p ro te in s , inc lud ing  trans- 
(o rm ing  g row th  factor-P  and in te rleu k in -1 0 , can 
decrease the release of T N F -a  from  cells. Cells tightly  
c o n tro l the release of T N F -a  by the regulation  of a t least 
th ree  d is tin c t steps in  the syn thesis  and  secretion  of this 
cy tok ine (Fig. 1).

Regulation of Transcription of the 
TNF-a G en e

A p ro m o te r reg ion  of approx im ate ly  600 b p  up- 
s trea m  of the T N F -a  gene co n ta in s  b ind ing  sites for 
ai leas t five d is tin c t tran sc rip ú o n  Tactors. M utational 
analyses of th is p ro m o te r have revealed im p o rtan t 
ro les  for activating  p ro te in -1 , n u clea r íactor of activated

Secreting cell Target cell

FIGURE 1 Modcl ofTNF-asynthesis,secretion, and targei cell 
súmulatión. Several ccllular mechanisms are involved in control- 
ling the synthesis and sccretion of TNP-CC. A varìety of transcrip- 
tion íactors bind to tbc T N F  promoter, leading to transcription of 
TNF-0( mRNA (]). This mRNA is inherently unslable due to the 
presence of an AU-rich element in ihc 3'-untranslated region 
(dashed line). SUmulus-induced stabilization of TNF-a mRNA 
leads to greatly enhanced protein translation (2). when cells 
are stimulated to secrete TNF-a, the malure peptidc is released 
by proleolytic cleavage of merabrane-anchorcd TNF-a, by thc 
action of T N F -a  converling enzyme (TACE) (3). Rcleased 
TNF-a forms homotrimers and binds to TNF receptors (TNFR) 
(4). Receplor cngagemenl leads to clusterìng of ihc rctcptors, 
which íacilitates the recruitment of numerous adapter and signal- 
ing molecules to the cytoplasmic tail of TNF receptors. Important 
downstreani effects include the activaúon of caspasc cascades (5), 
leading to apoptosis, and thc activation oĩ speciRc transcripúon 
íactors (6), leading to target gene expression.

T cells, and  nuclear factor kB (N F -kB) in  the transc rip - 
tional regu la tion  of TN F-a. C u rren t concep ts suggesi 
tha t factors that induce TNF-ot syn lhesis do so in  p a rt by 
s tim u la tin g  the activity  of these transc rip tion  factors, 
lead ing  to increased  rates of T N F -a transcrip tion .

Regulation of TNF-a Messenger RNA Stability

T he 3 '-u n tran sla ted  reg ion  of the T N F -a m essenger 
RNA (m RN A ), like tha t of m any o ther cy tok ines, 
co n ta in s  an  A U -rich elem en t that destabilizes the tran- 
scrip ts. As a resu lt, m echanism s w ith in  the cell degrade 
T N F -a  mRNA unless it is specifically stabilized . As a 
resu lt, very  little tem plate is available for ribosom al 
tran s la tio n  of T N F -a  p ro te in  u n d er basal cond itions. 
Recent evidence suggests tha t the activation  of m ito- 
gen-activated  p ro te in  kinase pathw ays is involved in 
the stab iliza tion  of T N F-0! mRNA, bu t the exact m ech- 
anism s o f this p rocess are cu rren tly  unclear. In this 
m odel, efficient transla tion  of T N F -a requ ires the 
s tab ilìza tion  of the mRNA by s tim u lus-induced  m ito- 
gen-activa ted  p ro te in  k inase activation. The im p o rtan ce



of this m echan ism  in the  regula tion  of T N F-a is illus- 
trated  by the developm ent of severe m ultisystem  in- 
flam m ation in m ice genetically  engineered to lack the 
3' AU-rich elem ent and  th u s have stable, long-lived 
T N F-a mRNA.

In d u c ib le  E c to d o m a in  S h e d d in g  o f  
M e m b ra n e -B o u n d  T N F -a

T N F-a is syn thesized  as a 233-am ino-acid pro tein  
that exists as a transm em brane m olecule in w hich the 
biologicaliy active p o rtio n  is extracellular. In certain  
circum siances, such  as the activation of T cells by an- 
tigen-presen ting  cells, th is m em brane-anchored  form  of 
T N F-a on  the an tigen -p rcsen ting  c đ l can directly  exeri 
its biological activities by engaging TNF receptors on 
the T cell. M ore com m only , hovvever, TNF-oc is believed 
to act as a so lub le h o rm o n e  tha t diffuses to target ceỉls 
after release from  the cell o f origin. Release of T.NF-a 
requires p ro teo ly tic  cleavage of the m em brane- 
anchored  form  by T N F -a  converting  enzym e, lead ing  
to release from  the cell of the m ature 157-am ino-acid 
soluble form  of the  cytokine. TN F-0( m olecules 
h om otrim erize  in the ex trace llu la r íluid and  b ind  to 
their recep to rs on  target cells.

CELLULAR RESPONSES TO TNF-a

The biological effects o f T N F -a arc m edialed  by the 
b ind ing  of the cytokine to  speciíìc high-aHìnity cell sur- 
lace recep tors, TNF receptor-1 and TNF receptor-2 . 
Both recep to rs are w idely  expressed. The m ajority  of 
the b iological effects of T N F -a  (see below) are believed 
to be m ed ialed  by TN F receptor-L , except in im m une 
cells w here TNF recep to r-2  is also im portant. Cytokine 
trim er b in d in g  to TNF recep io rs induces recep to r clus- 
lering  tha t is essential for activation oí dow nstream  
signaling events (Fig. 1). Aftcr activation of TNF recep- 
tor-1 by T N F -a, a nu m b er of adapier and signaling  m ol- 
ecules are rec ru ited  to the  cytoplasm ic dom ains of the 
receptor. A com plex cascade of clownstream  signaling 
events ensues, resu lting  in  tvvo m ajor phenom ena: 
inú ia tion  of specific ta rge t genc expression by the 
activation of tran sc rip tio n  ĩactors and the cleavage of 
death  p ro te in s  th rough  the aclivation of caspases.

T arget genes of T N F -a  are diverse in íunction , bu t 
p rom inen tly  include those that prom oie in tlam rnaúon 
and inh ib it apoptosis. Caspase activation results in the 
cleavage o f dea th  substra tes, w hich leads to apoptosis. 
Thus, depend ing  on the  cellular contcx t and on  the 
effects of nu m ero u s add itiona l íaclors, TN F-0í súm ula- 
tion of cells can lead to the activation of innate im m une 
m cchanism s and  in ílam m ation  or can lead to apoptosis.

NF-kB is Central to the in tegration  of cellular responses 
to T N F-0í. In the presence of robust NF-kB activation by 
TN F-a, in ílam m atory  responses are prom inent. How- 
ever, if NF-KB-dependent cell survival signals cannot be 
activated after T N F-a stim ula tion , ihe pro-apopiotic 
effects of T N F-a predom inate.

TNF-a IN PHYSIOLOGY 
AND DEVELOPMENT

ỉn vi tro and  a n im a l s t u d ie s  have defined a wide n n g e  
of biological effects of TN F-a. At the m olecular le v e l, 
TNF-or. induces the secretion of m any cytokines, chemo- 
kines, g row th factors, adhesion  m olecules, and enz rnes 
that in general function to acúvate innate im m unúỵ. At 
the cellu lar and tissue levels, ihe effecis of TNF-oc 
depend  not only on the cell type and the effects of 
o ther íactors, but also on the local concentraticn  of 
the cytokine. T N F-a induces leukocyte extravasalion 
and activalion  of T and B lyrnphocyies and al high con- 
cen tra tions can induce apoptosis in som e cells, Low 
concen tra tions may prom ote cell p rolileraiion  and 
the repair oí tissue a iter inịury. Experim ental adrriinis- 
tration  of TN F-0í to anim als induces fever, anorexia, and 
hypotension , m im icking  endotoxic or septic shock.

The physiological íunc tions of T N F-a have been 
explored  by genetically eng ineering  mice to lack 
TN F-a. These m ice appear healthy  and  ferti1e, indicat- 
ing tha t TNF-oc is nol essentíal for developm ent or lor 
norm al physiological íunctions. H owever, TN F-a null 
m ice lack m ature B cell follicles and  follicular dendritic  
cell netw orks in secondary  lym phoid  organs. In con- 
trasi, T -cell-rich areas are norm al, suggesting an  im por- 
tam  role for T N F -a  speciíìcally in hum oral im m unity. 
Indeed, T N F-a null m ice are highly susceptible to 
overw helm ing in íection  w ith  Listeria monocytogenes. 
P u rthe rm ore , these m ice are somevvhat resistant to de- 
veloping endo tox ic shock. These rindings dem onstrate 
that T N F-0( is im p o rtan t in hum oral im m unity, in bac- 
terial host defense, and in the responses to severe sepsis.

TNF-a IN HUMAN DISEASE
C haracteriza tion  of som e of the in vi vo biologic effects 
of TN F-3 led to the exam ination  of potential roles for 
thís cy tok ine in hum an d is e a s e .  The pathophvsiologv’ of 
m any h u m an  diseases involves ch ron ic  inílam m ation 
in  the diseased tissues and  in m anv of these diseases, 
the circu lating  or tissue concen tra tions of TNF-7 are 
elevated above conlrol values. Elevated circulating con- 
cen tra tions of T N F-0! have been observed in p aú en ts  
w ith severe sepsis svndrom es, suggesting a po ten tia l



paihogenic rolc for th is cy tok ine in septic shock . Ho\v- 
evcr, th e rap eu tic  a ttem p ts  to neu tra lize the biologic 
activity  o f T N F -0! by ad m in is tra d o n  of a neu tra liz ing  
an tibody  to patien ts  w iih  severe sepsis w ere n o t bene- 
ficial (Table I). T N F -a co n cen tra tio n s  are increased  in 
certa in  ch ro n ic  ín flam m alory  diseases, no tably  inílam - 
m atory  bow el disease and  in ílam m atory  arth ritides. 
Since TNF-7. is such an im p o rta n t activato r o f innate 
im m une m echan ism s, th e rap eu tic  in h ib itio n  of the 
biological activ ity  of T N F -a  has the re ío re  em erged as 
an  a ttractive  target in these ch ro n ic  in ílam m atory  dis- 
eases (Table I). The m anagem en t of severe, active 
CrohiVs d isease has been revo lu tion ized  by the use of 
in ílix im ab, a ch im eric  am i-T N F -a  an tibody . T his anti- 
boiiy p ro d u ces th e rap eu tic  benefit in up  to 70% of 
C ro h n ’s disease patien ts w ho w ere prev iously  reírac to ry  
to co nven tiona l therap ies. In ílix im ab and etanercep t, 
a TNF re c e p to r- l:F c  íusion  p ro te in , are also h ighlỵ  ef- 
fective in in f[am m atory  a rth riiid es . ln h ib itio n  o f the 
b iologic ac tiv ity  of T N F -a  com es at a price , how ever. 
Palien ts trea ted  w ith  p o ten t an ti-T N F -a  agents are sus- 
ceptib le to o p p o rtu n is tic  infections, especially reactiva- 
tion  o f la ten t tubercu lo sis , an d  certa in  viral in íections, 
such  as h erpes zoster. F u rth e rm o re , case rep o rts  of

TABLE 1 Efficacy of Poteni Anti-TNFa Therapies 
in H um an Diseases

Yes (proven eTíicacious in randomizcd placebo-conlrolled trials) 
Crohn’s disease 
Rheumatoid arthriús 
Ankylosing spondylitis 
Psoriatic arthritis 
Psoriasis

Maybe (positive data from uncontrolled trials) 
ulcerativc colitis 
Pouchitis 
Behọet s disease 
Pyodcrma gangrenosum 
Vasculitis

No (negative randomized placebo-controlled trials)
Scptic shock

patien ts develop ing  a m ultip le  sclerosis-like Central 
nervous system  dem yelinating  disease after receiving 
po ten t an tí-T N F -a  therap ies have generated  m u ch  con- 
cern. It is possib le tha t in certain  c írcum stances, or at 
low concen tra tions, T N F -a  may have p ro tec tive  effects 
against som e disease processes.
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Tyrosinemia
D a v id  A. R u d n ic k  a n d  D ắ w n  R. E b a c h  

W ashington ưniversitv. St. Lơuis, M issouri

acute interm ittent porphyria One of a group of rare 
inherited disorders resulting írom disturbance of the 
metabolism of the breakdown Products oĩ the red blood 
cell pigment (porphyrìn). A promincnt ĩeature is 
intermittent attacks oí abdonrinal pain.

NTBC Originally developed as an insecliđde, this compounđ 
[2-(2-nitro-4-trifluoromethylbenzoyl)-l ,3-cyclohexane- 
dione] was hypothesized, and then shovvn, to have clinical 
utility in the treatment of hereditary tyrosinemia type I.

Hereditary tyrosinemia type I is an inborn error of 
tyrosine metabolism, resulting from mutations in ihe 
fum aryl acetoacetate hydrolase gene, and affects the 
liver, kidneys, and peripheral nerves. A variety of inter- 
ventions developed over the past several decades have 
improved clinicaì outcome, inclucỉing liver transpỉanta- 
tion and, more recently, pharmacotherapy vvith 2 -(2 - 
n itro -4 -trifluo rom ethy lbenzoy l)'l, Vcyclohexanedione.

INTRODUCTION

H ereditary  ty rosinem ia type ĩ (ref(*rrcd to as ty rosinem ia 
th ro u g h o u t the rem a in d er of this article) is an au toso- 
m al recessive in b o rn  e rro r  oi ĩĩietabolism  that affects the 
liver, k idneys, and  p erip h e ra l nerves. The disease resu lts  
from  deíìciency  in  the enzym e íum aryl acetoacetate hy- 
dro lase (FA H ), w h ich  is involved in the m etabolism  of 
ty rosine (Fig. 1). T yrosinem ia paticnts w ere fìrst re- 
po rted  in  the m edical lite ra tu re  in the 1950s. Early out- 
com es w ere generally  poor, w ith m.ost patien ts 
succum bing  in in ỉancy  o r childhood. Over the past 
several decades, a variety  of in terventions have been  
developed , in c lu d in g  d ie tary  m odiíìcation, liver trans- 
p lan ta tion , an d  p ren a ta ì screening. More recen tly , 
ph arm aco th erap y  w ith  the d rug  NTBC [2-(2-n itro -4- 
tr if luo rom ethy lbenzoy l)-l,3 -cvclohexaned ione] has 
resu lted  in sign ifican t im proveinent in the natu ra l 
h isto ry  of th is disease. T his article reviews the epiclemi- 
ology, genetics, clinical p resen ta tion , pathogenesis, di- 
agnosis, and  m anagem en t of tyrosinem ia.

EPIDEMIOLOGY AND GENETICS

T yrosinem ia is cau sed b y  deficiency of FAH (EC 3 .7 .1 .2 ), 
the last enzym e in  ty rosine catabolism . H eterozygotes

Tyrosine

Tyrosinc aminotransferase

4-Hydroxyphenylpyruvate

4-Hydroxyphenylpyruvate đioxygenase <— Site of NTBC action

Homogenistic acid

Momogenĩsũc acid dioxygcnase

Maleyl acetoacetate Succinyl acetone

Maleyl acetoacetate isomerase ị  T

Fumaryl acetoacetate —> Succinyl acetoacetate

nL [Fum aryi acetoacetatc hydrotasẽ]

Fumarate + A cetoacetatc Succinate + Acetoacetate

F1GURE 1 Tyrosine degradation pathway. The last step in 
tyrosine nietabolisni is catalyzed by ihe ciuyme íumaryl aceio- 
acetate hydrolase, which is mutated in heređitary tyrosinemia 
ty^c I. This leads to increaseđ production of metabolites including 
malcyl acctoacetate, ĩumaryl acetoacctate, succinyl acetoacetate, 
and succinyl acetone.

are clinically and biochem ically  norm al. The gene 
encoding  FAH (G enB ank A ccession No. N M _000137) 
m aps to ch rom osom e 15q23—q25 and encodes a 419- 
am ino-acid p ro te in , p resen t as a hom od im er vvithin the 
cytosol of hepatocytes.

Epidemiology

The estim ated  w orldw ide incidence of tyrosinem ia 
is 1 in 100,000 to 120,000. H ow ever, a m u ch  h igher 
incidence has b een  recognized  in n o rth e rn  E urope 
and  Q uebec, C anada. ĩn the Saguenav-Lac-Saint-Jean 
arca o f Q uebec, the ca rrie r írequcncv  of tyrosinein ia 
is 1 in 20 and  the írequencv  of disease in  live b irth s  
is 1 in 2000. O verall, the ừ equency  of affected live b ir th s  
in Q uebec is ~1 in 20,000. Because of this, Q uebec 
has in siitu ted  rou tine  p rena ta l testing. T yrosinem ia 
also occurs in e thn ic  g roups o iher than P rench  
C anadian  and Scandinavian.



M u ta tio n s  in  FAH

At least seven different m u ta tio n s in FAH have been 
idenú íied  in patien ts  w ith tyrosinem ia. M ost m u ta n t 
alleles in  ihe Saguenay-Lac-Saint-Jean p o p u la tio n  con- 
tain a single com m on  splicc m uta tion  (designated  
IV S12+5g-a). A lthough th is m u ta tio n  can also  occur 
in p a tien ls  from o th e r e ihn ic  backg rounds, d ifferen t 
m u ta tio n s m ay be m ore p reva len t in  certa in  back- 
g ro u n d s (e .g ., W 262X  in F inns and Q 64H  in Pakistan is). 
G cn o ty p e—pheno type co rre la tions have suggested  that 
severe m u ta tio n s resu lting  in  com plete absence o f FAH 
mRNA an d  pro tein  are associated w ith  early -onset acute 
disease; how ever, very d ifferent clin ical courses have 
been  rep o rtcd  w ith in  affect.ed m em bers of the sam e 
fainily, suggesting tha t ep igenetic and  en v ironm en ta l 
íac to rs m ust also play a role in de term in in g  outcom e.

CLINICAL PRESENTATION

T yrosinem ia shou ld  be considered  in  the d ifferential 
d iagnosis of any in fan t o r ch ild  p resen ting  w ith  evi- 
d ence of acute hepatocellu lar necrosis, corýugated  
hyperb ìlìrub inem ia , or decreased  hepatic syn the tic  
íu n c tio n  of u nknow n  etiology. lso lated  or p ro fo u n d  
coagu lopa thy  shou ld  also suggest the d iagnosis. Chil- 
d ren  m ay also p resen t w ith  evidence of ch ron ic  disease 
w ith  c irrhosis , n u tritio n a l rickets, renal lu b u la r  dys- 
fu n ctio n , neuro log ical crises, o r ía ilu re to thrive. T he 
d iííe ren tia l diagnosis is that o fliv e r  failure in the in fan t 
an d  c irrhosis  in the ch ild  or young  adult. T he natu ra l 
h is to ry  of ty rosinem ia has been  signiíìcantly  m odified  
by the  developm ent of p rena ta l sc reen ing  for d isease and 
pharm aco log ica l therapỵ  w ith  NTBC.

Acute Presentation

In  the absence of p renatal testing  or p rio r to , p a tien ts  
usua lly  com e to m edical a tten tio n  w ith  acute evidence 
o f liver disease beío re  2 years of age. This p resen ta tio n  
m ay be preceded  by a catabolic stress such  as viral 
illness o r bacterial in fection . Sym ptom s are nonspeciíìc , 
e.g., g row th failure, irritab ility , vom iting , bep a io - or 
nephrom egaly , ascites, o r edem a. A boiled  cabbage 
o do r, relateđ  to elevated serum  m e th ion ine  levels, 
m ay be noted. O ccasionally , p resen ta tio n  w as associ- 
a ted  w ith  a b leed ing  dia thesis m an iíesting  as b ru ising  
or epístaxis. U n trea ted , the d iso rd er leads to liver íailure 
w ith in  1 year.

Chronic Presentation

W íth  ch ron ic  disease, liver dysfunction , renal 
tu b u la r  disease, and nu trítiona l rickets m ay be p resen t.

A hallm ark  of the d isease is the developm ent of neuro- 
logical crises that resem ble acute in te rm itte n t por- 
phyria. These are su d d en -o n se t ep isodes of peripheral 
n eu ro p a th y  w ith  painfu l paresthesias, au tonom ic dis- 
tu rbance, ex ten so r hyperton ia , vom iting  o r para ly tic 
ileus, and  P rogressive vveakness. Som etim es resp ira to ry  
íailure occurs, necessita ting  m echanical ventilation. 
The acu te ep isode is follow ed by a variable recuperative 
p e rio d  associa ted  w ith  w eakness and  paralysis. Cogni- 
tion  is no t ìm pa ired  an d  com a is n o t a íea tu re  of iso lated  
neurological crisis b u t m ay suggest evolving hepatic  
encephalopathy . T yrosinem ia is also associated  w ith  a 
m arked ly  increased  risk  of hepa toce llu lar carcinom a 
even w ith in  the íĩrst 5 years of life w ith  cases repo rted  
in  patien ts less than  2 years of age. Renal disease is 
alm ost always p resen t in  patien ts w ith  the ch ron ic  
form  of the disease, th o u g h  its severity  can  be variable. 
Both tu b u la r d y s íu n c tio n  and g lom eru lar involvem ent 
occur. R ickcts is the m ost com m on m an iíesta tion  and 
is som etim es the p rim ary  m edical prob lem . Tyro- 
sinem ia has also been  associa ted  w ith  h y p ertro p h ic  car- 
d iom yopathy , as well as hypoglycem ia associated  w ith  
hyperin su lin ism  and  pancreatic  islet hypertrophy .

Laboratory Biochemical, Imaging, and 
Histopathological Abnormalities

L aboratory  Rndings typical of acu te presen ta tion  
may be no tab le  for d isp ro p o rtio n a te  coagulopaihy  w ith- 
o u t o th e r H ndings of liver disease. T ransam inases and 
con jugated  b iliru b in  m ay be near norm al o r m ildly el- 
evated. P lasm a tyrosine an d  m eth ion ine levels are often 
m arkedly  elevated b u t th is is n o t a speciíic íìnding. 
Serum  a-fe to p ro te in  levels can be extrem ely  elevated, 
even in  excess of 100,000 ng/inl. U rinary  abnorm alities 
are co n sis ten t w ith  prox im al renal tu b u la r dysíunction  
w ith  am in o ac id u ria  an d  elevated levels o f u rinary  suc- 
cinyl acetone are d iagnostic . N eurological crises are 
generally  no t associa ted  w ith  p ertu rb a tio n s  of liver bio- 
chem istries o r increased  levels of succiny l acetone from  
baseline. In tra -ab d o m in a l im aging w ith  u ltra so u n d  or 
co m p u ted  tom ography  m ay show  hepatom egaly  w ith 
increased  h ep a tic  echogenicity  as w ell as nephrom egaly  
and  nephrocalc inosis. L iver b iopsy specim ens show  
h epa toce llu lar in flam m ation  and necrosis, steatosis, 
and  lobu la r d is to rtio n  w ith  p seudoac inar ío rm ation  
and m arked  n o d u la r  regeneration .

PATHOPHYSIOLOGY

T yrosinem ia resu lts  from  deEciency of FAH, w hich 
catalyzes the last step  in  ty rosine deg radation  (Fig. 1). 
The m olecu lar m echan ism s responsib le for the clinical



m aniĩesta tions rem a in  speculative . H epa toce llu lar an d  
rena l in ju ry  are th o u g h t to re su lt from  tox ic ity  associ- 
a ted  w ith  in vivo ac cu m u la tio n  of m etabo lite s p rox im al 
to  th e  enzym e defect, in c lu d in g  íum ary l acetoaceta te  
and  m aleyl acetoaceta te  and  th e ir  b y -p ro d u c ts , succiny l 
acetoace ta te  and  succiny l acetone. P um ary l acetoaceta te  
an d  m aleyl acetoaceta te  are reactive un stab le  com - 
p o u n d s  th a t cou ld  theore tically  consum e the ce llu la r 
m ach in e ry  involved  in p ro tec tio n  from  ox ida tive  sư ess, 
th e reb y  leading to  tissue in ju ry . Succinyl acetone is 
th o u g h t to be the  m o st toxic in te rm ed ia te . It can in h ib it 
rena l tu b u la r tran sp o rl, p e rh a p s  acco u n tin g  for the 
p rox im al tubu la r dy síu n c tio n  seen in  th is  d isease. Suc- 
ciny l acetone has also been  im p lica ted  as p a th o g en ic  in 
neu ro log ica l crisis because it is a p o te n t in h ib ito r  of 
the  enzym e ô -am ino levu lin ic  acid dehydra tase . This 
enzym e is involved  in p o rp h y rin  b io syn thesis , and  
its in h ib iù o n , w h ich  leads to  the accu m u la tio n  of
5 -am ino levu lin ic  acid , has been  associa ted  w ith  n eu ro - 
tox ic ity  in acute in te rm itte n t p o rp h y ria , lead  po ison ing , 
a n d  h ered ita ry  deíìciency  o f the  dehydra tase .

S pon taneous reversion  o f the  genetic  de íec t in 
ty ro sinem ia has been  show n to occur in  n o d u la r  p ro lií- 
e ra tin g  reg ions o f ty rosinem ic liver. In su ch  reg ions, 
th e re  is co rrec tio n  of the m u ta n t FAH gené 10 w ild 
type and  detec tab le  FAH enzym e activity . F um arý l 
acetoaceta ie  is kn o w n  to be m u tagen ic , w h ich  m ay con- 
tr ib u te  to  the increased  frequency  o f genetic  reversion  in  
the  d iseased  Liver. T he p resence of rev e rtan t hepa tocy tes 
w ith in  p ro liíe ra tive  n odu les suggests th a t ty ro sinem ia 
in d u ces a p o te n t hepa tic  regenerative  s tim u lu s  and  th a t 
w ild -type cells have a selective p ro liíe ra tiv e  advan tage 
over F A H -defìcient cells.

M ouse m odels o f FAH dePiciency recap itu la te  m uch  
o f the  hepatic  a n d  renal p a thophysio logy  th a t charac- 
te rizes the  hu m an  disease. In  such  m ice, the  disease 
ph en o ty p e  can be  reversed by re - in tro d u c tio n  of a 
n o rm al FAH transgene in to  the  deB cient b ack g ro u n d .

DIAGNOSIS

E levated  succiny l acetone in  b lood , p lasm a, o r u rin e  is 
pa th o g n o m o n ic  for the d isease. T he d iagnosis can  also 
be m ade by  d em o n stra tio n  of absen t o r decreased  FAH 
activ ity  on enzym atic  assay of liver tissue or sk in  fibro- 
blasts. M olecu lar sc reen ing  for co m m o n  alleles can  be 
p e ríb rm e d  in  a i-risk  p o p u la tio n s , th o u g h  negative re- 
su lts  do no i exc lude rare m u ta n t alleles. P ren ata l diag- 
no sis  is possib le by analysis of succiny l acetone in 
am n io tic  fluid and  by FAH assay of c u ltu red  am n iocy tes 
o r ch o rio n ic  v illus cells. N eonata l sc reen in g  based  on 
analysis of succinyl acetone from  d ried  b lood  on  filt.er 
p ap e r is perío rm ed  in  Q uebec.

NTBC

NTBC tre a tm e n t has greatly improvec su n iv íl, 
e lim inated  neu ro log ica l crises. and reiucec the le td  
for liver tran sp lan ta tio n  durìng  esrly ch ildh íod  fcr pa- 
tien ts  w ith  acu te  tyrosinem ia. I tis  n o w th e  o rn eríto n e  
of trea tm en t. O rig inally  developed as an  hsectũ iđe, 
it was later fo u n d  to be a potent iniib itcr of
4 -h y d ro x y p h en y lp y ru v a te  dioxygenase (Fig 1). 7h is ,  
t h e  h y p o t h e s i s  s u p p o r t i n g  i t s  in . t i a l  L se  in  t h e  T e a -  

m en t of ty rosinem ia  w as that inhibition  of thi, upst*eam 
e n z y m e  i n  t y r o s i n e  m e t a b o l i s m  w o u l i  p r e / e n t  ỈCCÌ- 

m u la tio n o fd o w n strea m ,p resu m ab ly  tcx ic ,netabđ ites, 
such  as succiny l acetone. In 19^2, L nstect and col- 
ỉeagues tesled  ih is  hypothesis by treating five tyro- 
s inem ia  p a tien ts  w ith  NTBC. T reatm eit le i to 
m ark ed  clin ical, h isto log ical, andbiochem icd im p-o\e- 
m en i and  c a u se d  no  neuroìogical, ocula, or :u  a- 
n eo u s co m p iica tio n s. Therapy m arkedl’ recuc^d 
a -fe to p ro te in  levels, suggesting Mgniíìcantl' ciecr*ased 
n o d u la r  reg e n c ra tio n  in  the diseased .ivcr. rhe nsuits 
from  trea tm e m  o f largcr num bers oĩ p aien ts  o \e r
9 years have shovvn thai ihe vasl m ạ o r ity o í paien ts 
do  very  w ell. F o r p a tien ts  in \vhom tream eni w  th  
NTBC w as s ta r te d  early  in life, only two ca.es (  V/o) o f  

h ep a to ce llu lar ca rc inom a during the íìrst 'ear of ỉife 
have been  re p o rte d . ITNTBC iss tarted  later ii ihe ou*se 
of disease, th e re  appears to be m creased nsk fcr ihe 
d ev e lo p m en t o f  h ep a tic  m alignancy cnd nanagm itn t 
dec isions m u s t be m ade on an incividuil caie-by- 
case basis.

Dietary Restriction and Liver Transplmtatbn

P rio r to  th e  developm ent of NTBC, herapeutic 
in te rv en tio n  in  ty rosinem ia prim ariìy invoVed clietary 
res tric tio n  of ty rosine  and phenyla-anint and li/e r  
tran sp lan ta tio n . H em atin  was usecỉ by sone to tn a t  
neu ro lo g ica l c rises based on its ability to iih ìb it 
ô -am in o lev u lin ic  acid  svnthase.

D ietary  re s tr ic tio n  is still ger.erallv in s tiu te d  at he 
tim e of d iagnosis  an d  con tinued  th roughou  trea ment 
w ith  NTBC. T h e  d ie t is stringer.t anc basel 011 ì spe- 
cialized  fo rm u la  th a i providessu:ficier.t essuitial atn.no 
acids for g ro w th  b u t  restricts tyrosine anc p h ery h la - 
n ine . lf  the re s tr ic tio n  is too  grcat, g iow thfailu ĩe, an- 
o rex ia , an d  le th a rg y  can result and  so m tnitor.ng o í 
g row th  and  n u tr itio n a l status while on thi d iet is .m- 
p o rtan t. L iver tran sp lan ta tio n  cnres the m eabo li: liver 
d isease and  re c u rre n t neurological c rse s  aid im prcves 
ren a l ĩu n c tio n . P rio r to NTBC th e n p y , ceíining the 
o p tim al t im in g o í  transp lan tà tion  w asớ ften ;h a lk n g in g



owirụ; to the ìigh risk of deve lopm en t of h ep a to c e llu la r 
carc iiom a Sune w ould advocate tra n sp la n ta tio n  early  
in  inancy . w lereas o ihers adoptecl a m ore conservative  
a p p n a c h . W ih the availabiiity and  success o f NTBC in 
the  nanag-:m*nt of tyrosinem ia, liv e r tra n sp la n ta tio n  is 
now  likeh  u be restrictcd  onlv to rare p a tien ts  w ho  
p restn t la ií 0- w hose disease is severe and  irreversib le  
a t th( tim eo í)resen ta tio n . N evertheless, NTBC th e rap y  
does n o t }b’iate the need for ca re íu l fo llow -up  o í 
affeced  p itiin ts  and surveillance for h ep a to c e llu la r  
ca rc iio m a

A N ảLYSEí i n  m o u s e  m o d e l s

A nabses in -A H -dencient m u rin e  m odels o f tvro- 
s in e n ia  al>0 ;how  that NTBC has a sign ifican t effect 
on  ừ t  coursi o f disease, though  thc co rrec tio n  is 1101 
c o m y l e t e  Í.S n i c e  c o n t i n u e  to  s h o w  a c c u m u l a t i o n  o f  

in te rn ed ia te  evels of succinvl ace to n e  an d  som e de- 
velop hepatOíellular :arc inom a. W h e th e r  h u m a n  pa- 
t ie n t í-  witb. tT O S in e m ia  o n  NTBC a r e  at c o n t i n u e d  

r isk  b r  th í cbvelopirent o f h ep a to ce llu la r ca rc in o m a 
is un lnow :i. Hudies in the FA H -defìcient m o u se  m ode l 
have also shtw n thai hepa toce llu lar tran sp la n ta tio n  
can :orrect he disease State by rep o p u la tio n  of 
disea^ed livei w ith  norm al hepatocytes. R ep o p u la tio n  
OCCU1S on.y n  the  diseased liver and n o t in  the  
livers of N TBI-treated m ice. T hese  data  suggest that 
h e p a o c e llđ a  transp lan ta tion  m ay one day  be usefu l

in  the trea lm e n t of ty rosinem ia in peop le  and , p e rh a p s , 
the tre a tm e n t o f o th e r cell au to n o m o u s  m etabo lic  liver 
d iseases as well.

See Also the Following Articles

Carbohydrate and Lactose Malabsorption • Food Intolerance
• Galactosemia •  Glycogen Storage Disease • Hereditary 
Fructose Intoleratice •  Liver Transplantation
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Ultrasonography
D a v i d  C o s g r o v e

Impcricìỉ Cơỉlegc of Science, Technology, and Meảicine and Hammersmith Hospital, London

adjuvant chemotherapy Chemoiherapeutic ireatment of 
malignancy administered alter surgery or radiotherapy 
to reduce the risk of relapse. 

bolus Intravenously inịccted dose of a contrast agenl, 
administered rapidly to produce a short contrast effect. 

color Doppler Colored displav of blood flow.
Doppler Prequency shiít caused by bloocl fìow. 
echogenic Returning a high lcvel of cchoes. 
elasticity imaging Process in vvhich the stiííness of a tissue 

under compression is turncd into an image. 
endoscopy Scans taken from within a body cavity, typically 

the esophagus or stomach, using speeiallv designed small 
transducers.

hydrocolosinography Examinaiion of the colon aíter it has 
been íìlled with tluid. 

m icrobubblcs Gas bubblcs ranging in size ÍTom 1 to 10 ịiĩĩi 
that are ụsed as contrast agents for ultrasound. 

spcctral Doppler Display of the constituent eomponents of 
the Doppler signal over timc. 

transịugular intrahepatic portosystemic shunt Passage 
positiọned so as to allovv portal blood access to the 
hepatic veins or iníerior vena cava, bypassing the liver in 
portal hypertension.

U ltrasound  has undergone very rapid  developm ents in 
recen t years; in addition  to im proved image quality and 
D oppler scnsiliv ity , the in troduction  of co n trast agents in 
the íorm  of inịectable m icrobubbles has expanded  the ho- 
rizons of u ltrasound  applications. Many o f these advances 
have particu lar signiíìcance for gastroenterology.

G ASTROINTESTINAL TRACT

ư ltra so u n d  is use íu l in all parts  of the gastro in testinal 
trac t, allow ing  im aging  of the íìve-layered s tru c tu re  the 
wall th ro u g h o u t the en tire  tract. F or the esophagus and  
s tom ach , endoscop ic  u ltra so u n d  (EƯS) p robes have 
b een  developed; EUS is an excellen t co m p lim en t to en- 
d o scopy  because it “sees” bey o n d  the m ucosa. EUS 
ach ieves a 75% accuracy  in  the local an d  nodal staging 
of ca rc in o m a of the esophagus an d  is very  reliab le in 
d iffe ren tia ting  gastric  le iom yom as from  carcinom as 
b ecau se  the form er have a charac teristic  appearance  as 
w e lld em a rc a teđ ec h o -p o o rm a sse s .S tầ g in g o fc a rc in o m a  
in th e  stom ach  is less successĩu l th an  in  the esophagus.

E ndoscop ic  system s are also u se íu l for study ing  the 
ano rectá l reg ion , especially  for sp h in c te r  in ju ries. 
M agnetic resonance im aging (MRI) w ith  in tracav itary  
coils givcs sim ilar in ío rm a tio n  in th is im p o rta n t p rob- 
lem  an d  is su p e rio r for detec ting  Rstulas. For the re- 
m a in d er of the gut, transabdom inal scann ing  w ith  
h igh-frequcncy  tran sd u cers  is used. T h icken ing  of the 
co lon ic w all >  3 m m  is readily  d em o n stra ted  and  allow s 
cancers to be detec ted  as localized  masses, in  con tra- 
d is tin c tio n  to the extensive wall th ick en in g  in  C ro h n ’s 
d isease, in  w hich  R stulous tracts and  paraco lon ic ab- 
scesses can  also be delineated . In u lcerative colitis, only 
the m ucosal layer is th ickened ; the tern iinal iỉeum  is 
selectively  th ick en ed  in te rm inal ile itis, a com m on 
cause of righ t iliac íossa pain  in  young  peop le in 
w hom  the associa ted  regional lym p h ad en o p a th y  may 
also be dem onstrab le . D iverticuli are  seen  as gas-con- 
ta in ing  s tru c tu re s  lying w ith in , or ad jacen t to, the colon 
wall. ln tu ssu scep tio n  p roduces a characteristic  m ulti- 
layered m ass co rresp o n d in g  to  the trip licated  w alls of 
the gut layers (Fig. 1). ư ltra so u n d  (ƯS) can  also be useđ

V

FIGƯ RE 1 Intussusception. This patient presented with severe 
diíĩuse abdominaì pain; ultrasound revealcd a mass in the right 
íỉank into which the vascularized terminal ileum passes (arrow) 
Stretched around the hypovascular mass is a thin rim of stretched 
ascending colon (arrowheads). The mass proved to be cecal 
carcinoma, vvhich hacl íormed the lead of the intussusception.
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to m o n ito r  hydrosta tic  red u c tio n , thus lim iting  expo- 
su re  to ion iz ing  rad ia tion .

Pyloric stenosis can o íten  be d iagnosed  o n  clinical 
g ro u n d s, b u t in dou b tfu l cases the th ick en ed  py loric 
w all is easily detectab le w ith  us (Fig. 2). T his, coup led  
w ú h  the d em o n stra tio n  of active gastric p erista ls is  tha t 
pe te rs  o u t as it reaches the  py lorus, m akes u h ra so u n d  a 
very  re liab le  d iagnostic  tool. A no ther ped ia tric  p rob lem  
th a t is easily solved w ith  ưs is m a lro ta tio n  of the sm all 
bow el. U sing D oppler to determ ine the rela tive posi- 
tions o f the su p e rio r m esen teric  artery  an d  vein  (SMA 
an d  SMV) by dep ic ting  the ir flow d irec tio n , the 
ab n o rm al re la tionsh ip  of the arte ry  and  vein can be 
d em o n stra ted .

T he no rm al ap p en d ix  can be d em o n stra ted  in som e 
tw o -th ird s  of p a tien ts  by  using  h ig h -reso lu tio n  trans- 
du cers  w ith  graded  com pression  to displace the gas that 
o th e rw ise  p reven ts acousúc  access. The tech n iq u e  in- 
volves fưst localizing  the cecal pole by trac ing  the as- 
cen d in g  colon dow n in to  ihe righ t iliac íossa. T hen , 
u sing  a linear o r cu rved  array, gentle p ressu re  is app lied  
over several m inu tes to  allovv access to the  app en d ix , 
vvhich is seen  as an  elongated  layered s tru c tu re  less than  
7 m m  in d iam eter. The in ílam ed append ix  is th ickened  
an d  the fecolith  th a t is often p resen t can  be dem on- 
stra ted  as an  echogenic n o d u le  that casts an  acoustic  
shadow . T he in flam m atory  reaction  p ro d u ce s  an  in- 
crease in  D oppler signals (Fig. 3). T h ickened  o m e n tu m  
may be d em o n stra led  as an am o rp h o u s rnass o f m ed ium
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FIG U R E  2 Pyloric stenosis. In a 6-week-old child who pres- 
cnts vvith projectilc vomíting, the demonstraũon of hypertrophy 
of the pyloriccanal is deRnitive. Here the pylorus measures 17 mm 
in length (nprmal, <  15 mm). In addition, on the real-time study, 
peristaltic waves could be seen advancing along the antnnn but 
failing LO move contents into ibe duodenum.

FIG U RE 3  Appendicitis. In this patient with rignt iliac fossa 
pain, thc hyperemic mass on ultrasound (arrowhỉads) corre- 
sponded with ihe point of maximum tenderness. The mass is 
the dilatcd intlamed appendix lyìng immediaielv infer:or to the 
gas-containing cecum. There is no periappendicular colỉection to 
suggest an abscess. An uncoraplicated aculely inliamed Appendix 
was removed laparosopitalty. (See Plate ].)

echoes close to the append ix , w hereas a períoration 
p roduces an ad jacen t fluid space. In right iliac íbssa 
(R1F) pain , us can be used lo diagnose terminal ileitis 
and d is tin g u ish  it from gynecological causes.

C olonic polyps canno t be dem onstrated by 
conventional u ltra so u n d , but if the colon is íĩrst Rlled 
w ith  w ater as a con trast agern, then  exquisite im ages 
tha t clearly d ep ic t po lyps dow n to 5 mm in diam eter 
can be o b ta ined  using high-frequericy transducers. 
Hovvever, the  m odera tely  invasive nature oi “hydro- 
co lo sonographv” and the fact that sessile or plaque- 
like lum ors are  no t reliably visualized have lim ited 
the accep tance  of the technique. In m esenteric 
angina, the tigh t stenosis o r occlusion of the celiac 
axis an d /o r SMA produce localized fast flow on spectral 
D oppler or ab sen t signals, respectivelv (Fig. 4).

THE LIVER

The n o rm al liver has a un ilb rm  texture of m id-grav 
reílectivity , in te rru p te d  by its blood veãsels (Fig. 5}. 
Diffuse liver diseases usually  cause hepitom egaly; an 
excep tion  is found in  cases of advanced cirrhosis, fcr 
w hich sh rin k ag e  is typical, although  udging liver size 
w ith  u ltra so u n d  is very difficult. The com m oneít 
change in d iffusc liver diseases is ar. increase in the 
echo level, p rov id ing  an exam ple of ‘bright liver.” 
w hich  is recognized by com parison  with echoes from 
the renal co rtex . N orm allv, the two a:e -ipproximately
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FIG U RE 4 Celùc axisstenosis. Celiacaxisstenosisinisolation 
is rarely symptcmaiic because of the generous anastomoses in the 
gut‘s blọod supply. but, because it usually occurs in arteriopaths, 
two or morc oí the arteries are often aííected. The acceleration 
of the blood Crossing the narrowing produces fast flow on the 
Doppler study here rising to more than 4 m/second, shown in 
the lovver panel) together vvith ílow disturbance in the íorm oí 
eddies thatgiveslower flowsignals aswell as the very high-velocity 
sìgnals. Thes^ result in a tracingin which all velocities are more or 
less equally represented, so thai it appears as soliđ white from 
baselíne to maximum velocity.

equally  reílective, b u t in the b rig h t liver, the renal 
co rtex  appears to be relatively  dark. T he b rig h t liver 
as seen in a Wìde range of liver d iseases, the com m onest
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being  ĩatty in íìltra tion , b u t the list in c lu d es  g ran u lo m a- 
tous and  íibrotic co n d itio n s as w elỉ as c irrh o sis  and  
inH ltra tions by am yloid . The o p p o site  p a tte rn , “the 
d a rk  liver,” is less com m on, an d  is seen  in  co n d itio n s  
in w h ich  the am o u n t o f  íluid in  the liver is increased . 
E xam ples are acu te hepa titis  and congestive h ea rt 
ía ilure.

C irrhosis  is a P rogressive disease an d  the u ltra so u n d  
íìncìings reílect this; early  on, th e re  m ay be n o  d em on- 
strab le  abnorm alities or there  m ay s im ply  be an  increase  
in  reílectiv ity . In  m ore advanced  cases, the liver sh rin k s  
and  the caudate lobe (segm ent 1) enlarges. T he m icro - 
or m acro n o d u larity  of c irrhosis  can  be  v isua lized  in 
ascites, w hen  the liver su ríace  assum es a scalloped  
co n íìg u ra tio n  (Fig. 6). O ccasionally , reg en era tin g  no d - 
u les can be seen as ill-defined , pa tch y  a lte ra tio n s  in 
reílectiv ity , b u t usually  the liver tex tu re  is m erely  
sligh tly  heterogeneous. The m ajo r changes d em o n stra - 
ble on  u ltra so u n d  concern  the b lo o d  flow, for w h ich  
D opp ler is well su ited . The a rte ria liza tio n  o f th e  liver’s 
su p p ly  m akes the h ep a tic  arte ry  p ro m in e n t, w hereas 
flow in  the po rta l vein m ay be n o rm al o r slow . In  ex- 
trem e cases, this is reversed, an d  in  an in te rm ed ia te  
stage, hepa tic  vein flow is balanced , being  h ep a to íu g a l 
in one stage of the resp ira to ry  cycle an d  h ep a to p e ta ỉ in 
an o th er. O bviously, Lhis s itu a tio n  o f zero  n e t flow is 
likely  to lead to po rta l vein th ro m b o sis  and th is  m ay 
be d em o n stra ted  as echogenic m ateria l Blling the vein  
to g e th er w ith  an absence of D opp ler signals. S ubsequen t 
recan n aliza tio n  o r o p en in g  u p  of co llateral vessels
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FIGƯ RE 5 Norrnal liver— porta hepatis. In a longitudinal 
section through the porta hepatis, the uniỉorm texture of the 
li ver parenchvma can be seen. In the color Doppler scan, the portal 
vein is depicted ìn red (see Plate 2), indicating flow toward the 
transducer. The hepaũc artery (arrow), also in red, can be dis- 
cerned anterior to it, and the dark circle (arrowhead) is the right 
hepatic duct seeiì in cross-section. The position of the duct repre- 
sents a norm.ll variant: usually it lies between the vein and the 
artery. 1VC, lnferior vena ca va.

PIG U R E 6 Cirrhosis. In late cirrhosis, the irregular liver 
suríace can be visualized against the echo-free ascites (A). In this 
case, the outline of macronodules (arrowheads) gives a scalloped 
border to the liver. lts echo texture is heterogeneous (compare with 
the normal, even texture oí the normal liver in Fig. 5).



p ro d u ces “cavernous transfo rm ation” of the p o rta l vein, 
w h ich  gives a spectacu lar color D oppler p ic tu re  of 
n u m e ro u s  sm all to rtuous vessels in  the porta.

The expected  slow ing of portal vein flow does 
n o t alw ays occur because in trah ep atic  portosystem ic 
sh u n ts  m ay form , and  thus m easu rem en t of po rta l 
vein flow has no t proved  valuable in  d iagnosis or 
g rad ing  of cirrhosis. The m ost d ram atic  sh u n t is re- 
cannaliza tion  of the um bilical vein beyond  the free m ar- 
gin of the liver (Fig. 7). O ther portosystem ic sh u n ts  m ay 
also be dem onstra ted , including  re tro p erito n ea l sh u n ts  
and  esophageal and sp leno-esophageal varìces. Because 
u ltra so u n d  dem onstrates serosal varices w hereas those 
se en o n  endoscopy  aresubm ucosal, the fin d in g so n  these 
two m odalities do no t always co rrespond . Flow  in  trans-

ju g u la r in trah ep aú c  portosystem ic sh u n ts  (TIPSs) can 
usua llybe  detected , b u t the shadow ing from  the metal of 
the sten t and  slow  flow w ith in  the sh u n t may challenge 
the perform ance of even the best u h raso u n d  scanner 
(Fig. 8). H ere, ad m in is tra tio n  of an  u ltrasound  conư ast 
agent can rescue an  o therw ise íailed  study.

O f the effects o f p o rta l hypertension , spleen size and 
ascites are very easily assessed by u ltrasound . Superven- 
ing hepatocellu lar carcinom a m ay be obvious bu t small 
and  m ulticen tric  lesions are d iííìcu lt to dem onstratc and  
som e regenerating  an d  hyperp lastic  nodu les can pro- 
duce m asses tha t m im ic hepa tocellu lar carcinom as 
(HC Cs). H ow ever, ihese ben ign  lesions do no t gcner- 
ally show  D oppler signals, so hypervascular lesions 
are susp icious (Fig. 9). Sensitivitv  to hepatocellu lar

FIG U R E 7 Recannalized umbilical vein. Recannalization of the urabilical vein produces this spectacular appeiirance on 
color Doppler (see Plate 3), with signals in the position of the ligamentum teres (arrow in A) Qowing toward the umhilicuí 
(U in B) and sometimes, as in ihis paticnt, on dovvn into the pclvis [the change from red to blue codcs for a relative changc in 
flow direction, which is toward the probe superiorly (A), then parallel (B), and Bnạlly away from it (C)|. oítcn thi? 
spontaneoưs portosystemic shuni depressurizes the System and ihere are no other íeatures of portal hvpertcnsion, such 
as astites.
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FIGURE 8 This long transjugular intrahepatic portosystemic shunl is well visualized (A) and ibe ílovv is clearly seen to be 
towarcl ihe hepatic vcin on ihe Dopplcr study (B). (Sec Plate 4.)

ca ic inom as is im proved by m ie ro b u b b le  con trast 
ag rn ts , w hich d em o n sư a te  ihe H CC vascularity  in the 
arte rial phase. In com m on  w ith  o th e r  m alignancies, 
HC-Cs have a low er vascular vo lum e com pared  to the 
liver and  so they appear as deíects in the  late (sinusoidal 
o r  liver-speciíĩc) phase  (Fig. 10). In  sch istosom ìasis, a 
chiiracleristic finding is p rom inence  o f the porta l vein 
walls, co rrespond ing  to the per p o rta l íibrosis of pipe 
stem cirrhosis. In the B udd—C hiari synđ rom e, lack of 
D oppler signals in the  m ain  hepatic  vein s is diagnostic. 
T here is C)ften reversed  flow in  the porta l vein w ith 
ascites. lf the th ro m b o sed  vessels recannalize , a th ready  
m eshw ork  replaces the norm al p a tte rn  of th ree m ain 
veins (Fig. 11). Its m icrovascu lar equ ivalen t, veno-

oeclusive d isease , canno t be d iagnosed  w ith cu rren i 
u llra so u n d  techn iques.

FOCAL LESIONS

A w íde varie ty  of tocal liver lesions can be d iagnosed  by 
u ltra so u n d , no tab ly  cysts, for w hich  us is the m ost 
spccific and sensitive lest. H ydatid  cysts have a variety  
of app earan ces, depend ing  on the cond ition  o f their 
co n ten ts , bu t consisten tly  have a p ro m in en t capsu le 
th a t is lack ing  aro u n d  sim ple cysts. In  encỉem ic 
co u n tries , u ltra so u n d -g u id ed  asp ira tion  (p erh ap s w ith 
in jec tio n  of a sc lerosan l) is w idely used íbr sym ptom atic  
con tro l w ith  good  safety.
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FIGURF 9 Hepatơtellular carcìnoma. This irregular 5-cm mass in scgmcnt V in a cirrhotic patient (A) is suggestive of an 
hepatocellular carcinoma, and this is reinĩorced bv the demonstration of numerous tortuous blood vesscls within it on color 
Doppler (B), (Scc Plate 5.)
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FIG U R E 10  Occult hepatocellular carcinoma— contrast study. In this patient wúh cirrhosis, followup scans were per- 
lormed to monitor the development of hepatocellular carcinoma. Only minor irregularitv of the liver’s texture was seen on the 
scan (A). He was entered into a phasc 3 study of a new contrasl agent, Sonazoid (Amcrsharn, UK), and in the liver-specific 
phase a clear-cut lesion was rcvealed (arrow in B). Though the a-fetoprotein level was normal, an enhanced MR1 study was 
pertormed and vvas read as normal. Three months later, the lesion became visible on unenhanced ultrasound and was 
coníìrmed on MRI and by biopsy to be hepatocellular carcinoma. Radioírequency ablalion was pcríormed. GB, gallbladder.

A bscesses are typically  seen as shaggy-w alled 
cavities that are o ften  m u ltip le  (Fig. 12). On D oppler, 
the h y perem ia  of the su rro u n d in g  tissue is o flen  obvi- 
ous. H ow ever, in  the in itial stages of abscess form ation, 
beío re  pus has co llected , a solid  mass is íound  an d  the 
lesion can be very subile.

H em angiom as are the com m onest ben ign  liver 
tu m o r an d  typically  appcar as echogeníc m asses. O n 
D o p p ler, they are hypovascu lar, only occasionallv  
shovving w eak venous signals. In [he late vascular 
phase a íte r co n tra st irýection , they typicallv show  the

sam e peripheral c lum ping  that is characteristic  r>n 
CT, w ith slow  and often incom plele fill'in  írom  the 
p eriphery  over several m inu tes (Fig. 13). Focal n o d u a r  
hyperplasia con tains norm al liver elem ents in an abnor- 
mal arrangem ent. Some have a vascu larized  Central scar 
seen as an echo-poor streak  w ith  D oppler signals that 
typically radiate ouiwarcl in a spoke-w heel íashion, and 
these arlerial features are elegantly  dem onstra ted  af;er

1 Ham^smHhHospito'.

- '

FIG U R E 1 1 Budd—chiari synđromc. Rccannalization of the
thrombosed hepatic veins leads 10 a tangled pattern of vessels in 
the superior part of the liver. (See Plate 6.)
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P1G U RE 1 2  Liver abscess. A region oi altered reflectivity (ar- 
rowheads) is seen in the left liver in this paúent presenting with a 
tcver. The appearance is typical of an abscess in the early (pre- 
liqueíactive) phase of ihe developmcnl of an abscess. The u tra- 
sound appearance is indistinguishable from mctastatic disea.se, 
but the history usually provides the nccessary clues and u.tra- 
sound-guided aspiraúon should be perlormed.
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FIG 1JR E  13  tlemangioma contrast study. (A) This lesion in the inícrior portion of segment V (arrowheads) in a 
patient with a known malignancy is suspicious for a metastasis bccausc it is echo poor. (B.) Soon after inịection of a 
microbubble contrast agcm (SonoVuc, Bracco, ltaly), clumpy peripheral íilling is observed (contrast shown in red at 50 
seconds afier inịection (see Plate 7); and thereaíter there is P r o g r e s s i v e  centripetal enhancement, until (C) at 1 minute, 40 
seconds, when the lesion is almost completely enhanced and has become much less conspicuous. This dynamic pattern is 
typical of a hcmangioma.

co n tra s t enhancem ent. In ihe liver-speciíìc phase of 
m ic robubb le  enhancem ent, th e ir  behavior is pa thogno- 
m ornic: they  take u p  con trast s trong ly  and so b len d  w ilh  
th e  norm al liver o r occasionally  even stand  ou t w ith 
m o re  in tense  signals (Fig. 14).

The variety  of appearances o f m etastases on u ltra- 
so u n d  is bew ildering and rem a in s  largely u n ex p la in ed  
(Fig. 15). T hough there  are tren d s (for exam ple , 
echogenic m ctastases are typ ically  g as tro in tesú n al or 
u rogen ita l in orig in), it is n o t possib le  to tie p a rticu la r 
par.terns w ith  th ep rim ary  si te. T h e su c c e s so íu ltra so u n d  
in 1 iver stag ing  has been exaggerated  in the past, quo led  
(ìgiares o f accuracies a ro u n d  80% being  ca lcu la ted  on a 
p e r  pa tien t basis ra ther th a n  for ind iv idual lesions. 
Th ese lim ita tions have been h igh ligh ted  by the im prove-

m en t in detectab ility  w hen  u ltrasound  con trast agents 
are used . In several p rospective stud ies, use of 
m icrobubble-specitic  m odes allow  ihe detec tion  of le- 
sions dow n to a d iam eter of 3 m m  (Fig. 16). T h ough  n o t 
yet períected  (a d ep th  lim ita tion  of a ro u n d  10 cm  is an 
im p o rtan t lim ita tion ), th is approach  reveals m ore le- 
sions than tlư ee-phase  helical co m p u ted  tom ography  
(CT) and  com es close to the sensitiv ity  o f MRI. Speci- 
Rcitv is also add ressed  because m alignancies, w ith  the ir 
low hlood volum e, show  as deĩects in  the sinuso ida l or 
liver-specilĩc phases, and  in som e the feeding a rte ry  is 
obvious in  the arte rial phase (Fig. 17).

A particu larly  useful app lica tion  of con trast agen ts is 
in evaluating  the com pleteness of u ltra so u n d -g u id ed  
in terstitia l therapy: vvhen all tu m o r appears to have
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FIG U RE 14  Focal nodular hyperplasia. (A) This local lesion in the anterior part of segment 5 (arrowheads) was an 
incidental Rnding. (B) Its ill-detìned margins and vascularity (color Doppler; see Plate 8) raised the suspicion of malignancy. 
However, following administration of the liver-specific contrast agent Levovist, nonlinear imaging shows that it takes up the 
ageni to the same extern as the liver and it has disappeared (C). This makes the diagnosis of focal nodular hyperplasia most 
likely. The lesion remained unchanged a year later.

been destroyed, m icrobubh les oftcn reveal residual por- 
tions of períused  tum or ihat can be ablated  im m ediately, 
so that the pa tien t does noi have to be m oved to CT. 
M icrobubbles can also be u sed  as tracers and  in  the liver 
the tim e taken  for them  to cross in to  the hepatic  veins 
(norm ally  30 seconds or m ore, ow ing to thc slow  flow in 
the liver sinuso ids) is sho rtened  w hen  there is arterio - 
venous shun ting , as occurs in  m elaslases and cirrhosis. 
This sim ple test seem s to be able to detec t occu lt me- 
tastases (for exam plc, in  colorectal cancer), an d  shou ld  
prove useíul in  se lecting  those patien ts  w ho w ould  
beneíìt from  ad juvan t chem otherapy . It is also very 
p rom ising  in  d ifferen tia ting  uncom plicated  ch ron ic 
hepatitis from  c irrhosis and  th is m igh t avoid the fre- 
quen t b iopsies tha t are cu rren tlv  requ ired  to guide anti- 
viral trea tm em  in patien ts w ith  hepatitis  c (Fig. 18). In

liver traum a (and that of o th e r so lid  abdom inal organs), 
conven tional u ltra so u n d  is lim ited  to detec ting  intra- 
peritonea l bleeding. The adven t of con trast agents tha i 
allow  the m icrovascu latu re to be dem onstrateđ  
p rom ises  to change that, and to provide useíul im aging 
by the p a tien t’s bedside, w ith o u t in te rru p tin g  observa- 
tions and  suppo rtive  care (Fig. 19).

BILIARY TREH

T he exquisite  sensitiv ity  of u ltra so u n d  to liquid  spaees 
has m ade it the p rim ary  im aging m odality  ỉor the biliary 
tree an d  the S tandard test for gallstones (Fig. 20). Stone 
com position  does no t affect de tec tab ilitx . O ccasional 
íalse positives occur w hen po lyps are m istaken for
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FIÙ U RE 15  Liver metastases. This extended field-of-view 
(Scĩescapc, Siemens) scan of an enlarged left livcr exhibits numer- 
OU' íotal lesions oi varying appearances, some echo poor, others 
echogenic. The patient had a carcinoma of the colon (minor scale 
divìsions equal ] cm). IVC, Inferior vena cava; PV, portal vein.

stones; th e ir a ttach m en t 10 the g allb ladder w all p rov ides 
a clue.

In acu ie cholecystitis, m ajo r signs such  a s s p lm in g o í  
the th ickened  w all, tenderness localized  to the gallhlad- 
der (the u ltra so u n d  M urphv’s sign), and the p resence  of 
stones, coup led  w ith  m in o r signs su ch  as d ila ta tio n  of 
ihc gallb ladder, are useíu l (Fig. 21). U ltraso u n d  m ay 
also d em o n stra tc  a lternative causes for r ig h t u p p er 
qu ad ran t pain. A calculus cho lecystitis  rem ains a diiíi- 
cult d iagnosis but the d em o n stra tio n  of vascularity

w ith in  the wall on D opp ler can be useful. In critical 
cases, u ltra so u n d  can be used  to d irec t a d ra in ing  
can n u la  as a ho ld ing  m easure.

C arc inom a of the gallb ladder is seen as a m ass, un- 
fo rtuna te ly  often large, w ith  invasion  o f the ad jacen t 
liver su rĩace  (Fig. 22). H ilar cho lang iocarcinom as 
(K latsk in  tum ors) have in filtra ting  m arg ins tha t are ill 
d eíined  on  im aging so it m ay be very diffìcult to deter- 
m ine the ex tern  of the tum or. H ere, ra ic robubb le  con- 
trast agents have co n trib u ted  substan tia lly  because they 
o u tline  the lim its of the íu n c tio n in g  liver, against w h ich  
the tu m o r is clearly  seen as a signal void, as w ith  o ther 
liver m alignancies.

u ltra s o u n d  is the p rim ary  im aging techn ique in ob- 
s tructive  ja u n d ice  because us sensitiv ity  to íluid spaces 
is explo ited . The d iam eter of the com m on duct is easily 
m easured . D ila tation  is evidence of o bstruc tion  and, 
p rov ided  it is apprecia ted  that th is ana tom ica l leature 
m ay persist a íter relief of o bstruc tion , is a highly reliable 
sign in  the ap p ro p ria te  clinical se tting  (Fig. 23). Sim ilar 
considera tions apply  to d ila ta tio n  of the in trahepatic  
b iliary  tree, w hich p ro d u ces the classic "parallel chan- 
nel” and “doub le -barre led  sh o t-g u n ” signs w hen the 
pairs of tu b u la r s tru c tu re s  are cu t along o r across, re- 
spectively  (Fig. 24). U ltrasound  is very sensitive for 
“su rg ica l” jau n d ice , p rov ided  the h istorv  is taken into 
accoun t, because the biliary  tree m ay rem ain  d ilaicd  
indefin itely , even after re lie í of an obstruction . F or 
the sam e reason , u ltra so u n d  can n o l be used to lell 
w h e th e r a b iliary  s ten t has reobstruc ted , th ough  the 
d em o n stra tio n  of aerob ilia  p rovides useful ind irect

FIGU RE 16  Liver metastasis contrast study. (A) In thispatient wúh a known colonic cancer, an obviouslesion compatible 
with a metastasis isseen in ihe inlerior part of segment 5 (arrowheads); K, kidney. (B) In a registered image taken in the liver- 
speciíìc phase after injection of the contrast agent Levovist (Schering, Berlin), using a liver-specific mode (Agent Detection 
Imaging) that shows the presence of conưast in color, this lesion is more clearly delineated, but an additional lesion that was 
not apparenl beíore is also obvious (arrow). (See Plate 9.)
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FIG U R E 1 7  Liver metastasis contrast study. (A) A meiastasis 
from a colonic carcinoma is seen as an echogenic mass (arrovv- 
heads) ai the beginning of an injection of a microbubble contrast 
agent, SonoVue (7 seconds postinjection). (B) In the next image 
írom the real-time sequence at 13 seconds postinjection (arterial 
p h ase), num crous sm all vessels enter the tum or from ÌLS periph- 
ery. In this inicrobubble-speciíic mode (Vascular Recognition 
Imaging, Toshiba, Tokyo), the contrast is depicted in green

Hlsto loglcal Severlty  of H epatltls /C irrhosls

FIG U R E 18  Hepatic veinarrival time. By noting thearrival <>fa 
bolus of a contrast agent in the hepatic veins, the delay írom Ihe 
moment of irýection can be measured. Whenarteriovenousshunts 
devclop in the liver, thearrival time is shortened from itsnormal of 
around 45 seconds. This test can detecl the onsci of cirrhosis in 
patients with chronic hepatitis showing mild and moderate 
changes in necroinflammatory scores on histology. The numbers 
above the X axis refer to the numbers of cases. Courtesy of 
Dr. Adrian Lim.

evidence o íp a ten cy . U ltrasound  can usually  ind icate ihe 
level of an  o b stru c tio n  by d em o n stra tin g  the lovvest 
po in t of d ila ta tion , b u t is less use íu l in  d e term in ing  
the cause, m ainly  because s tric tu res  can n o t be detected , 
b u t also because m any stones sim ulate soft tissue m asses 
w ith  no shadovving.

PANCREAS

Long considered  a challenge for u ltra so u n d , the norm al 
pancreas can usually  be im aged, at least in  part, by a 
com b in atio n  o f m o d ern  eq u ip m en t and  graded  com - 
p ression , using  the probe to  d isp lace bow el gas 
(Fig. 25). O ral con trast agen ts may (u rth e r im prove 
access in  the ep igastrium , w hereas the p an crea tic  tail 
can be im aged u sin g  the sp leen  as a w indow . The 
pancreas is relatively  echogenic in  the adu lt, though  
the  uncinate  p rocess com m on ly  re ta in s the  low er levels 
of echo in tensity  typical of the ch ild ’s pancreas. The

(see Plate 10) vvhen it is stationary; the red and blue tints sho\v 
moving microbubbles. (C) In the third írame, at 27 secondí, 
conirast is Rlling the liver parenchyma but the mctastasis, wiih 
its low vascular volume, is highlighted as a signal void.
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Plate 1 Appendicitis. In this patient with right iliac fossa pain. the 
hyperemic mass on ultrasound (arrowheads) corresponded with the 
point oỉ' maximum tenderness. The mass is the diỉated intlamed 
appendix iying immediately inlerior to ihe gas-containing cecum. 
There is no periappendicular collection to suggest an abscess. An 
uncomplicatcd acutely intlamed appendix vvas removed laparosopically.

Plate 2 Normal liver—porta hepatis. In a longitudinaỉ section 
through the porta hepatis, the uniíbrm texture of the liver parenchyma 
can he seen. In the color Doppler scan. the portal vein is depicted in red, 
indicating flow toward the transducer. The hepatic artery (arrow), also 
in red, can be discerned anterior to it, and the dark circle (arrovvhead) is 
the righl hepatic duct seen in cross-section. The position of ihe duct 
represents a normal variant: usually ii lies between the vein and the 
artery. IVC. Inlerior vena cava.

plate 3 Rccanniilized umbilical vein. Recannalization of the umbilical vein produces this spectacular appearance on the color Doppler, with signals 
in the position oi the ligamentum teres (arrow in A) flowing tovvard the umbilicus (U in B) and sometimes, as in this patient. on dovvn into the pelvis 
Ị the chan se Ironi red ĩo blue codes for a relative change in flow direction. which is tovvard the probe superiorly (A). then parallel (B). and lìnally away 
í rom it (C)]. 01‘ten this spontaneous poilosysteniic shunt depressurizes the system and there are no other íeatures of portal hypertension, such as ascites.
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Plate 4 This long transjugular intrahepalic porlosystemic shunt is well visualized (A) and the tlow is clearly seen to be toward the hepatic 
vein on the Doppler study (B).
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1’late 5 Hcpatocellular carcinoma. This irregular 5-cm mass in segment V in a cirrhotic patient (A) is suggestive of an hepatocellular carcinoma, 
and this is reiníorced by the demonstralion of numerous tortuous blood vcsscls within it on color Doppler (B).
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Pỉate 6 Budd-Chiari s\ ndrome. Recannalization of the thrombosed
hepatic veins leads to a lungled pattcrn ot vessels in the superior part ot' 
the liver.
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riate 7 Hemangioma contrasl stuđy. (A) This lesion in the
iníerior portion of segment V (arrovvheads) in a patient with a 
knovvn malignancy is suspicious 1’or a metastusis because it is echo 
poor. (B) Soon aíter injection oí’ a microbubble contrast agent 
(SonoVue, Bracco, Italy), clumpy periphẹral rilling is observed 
(iontrast shown in red at 50 seconds atter inịection; and thereaíter 
there is P rogressive centripetal enhancement. until (C) at I minute. 40 
scconds. vvhen the lesion is almosi compietely enhanced and has become 
niuch less conspicuous. This dynamic pattern is typical of a hemangioma.

Plate 8 Focal nodular hyperplasia. (A) This focal lesion in ihe 
anterior part of segment 5 (arrowheads) was an incidental íinding. 
(B) Its ill-defined marsins and vascularity (color Doppler) raiscd the 
suspicion of maliiinancy. However. following administration of 
the liver-speci!'ic contrast agent Levovist. nonlinear imaging shows 
that it takes up the agent to the same extern as the liver and it has 
disappeared (C). This makes the diagnosis of focal nodular hyper- 
plasia most likely. The lesion remained unchanged a year later.



Plate 9 Liver metastasis contrasl study. (A) In this patient with 
a known colonic cancer, an obvious lesion compatible with a 
metastasis is seen in the interior part of segmenl 5 (arrovvheađs); 
K, kidney. (B) In a registered image taken in the liver-specific 
phase after injection of the comrast agenl Levovist (Schering, 
Berlin). using a liver-specitic mode (Agcnt Delection Imaging) 
that shows the presence of contrast in color, this lesion is more 
clearly delineated. but an additional lesion that was noi apparent 
beíore is also obvious (arrovv).
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PlaU' 11 Insulinoma intraoperative scan. This 7-nim insulinoma in 
the hcacỉ of the pancreas could not be locuted in thcatcr. The high-resolution
scan ohiained directly via the exposed puncreas clearly shovvs the 
lesion (armvvhcads): the associated blood vessels are hiiihliahted on 
ccỉor Doppler. PDA. Pancreatico-duodenal arcade; SMA. superior 
mesenteric artery; SMV. superior mesenteric vein.

Plate 10 Liver metastasis contrast study. (A) A metastasis froni a 
colonic carcinoma is seen as an echogenic mass (arrowheads) at the 
beginning ot an injection ot' a nìicrobubble contrast agcnt. SonoVue 
(7 seconds postinjection). (B) In the next imaee from real-time 
sequence at 13 seconds postinjection (arterial phase). numerous 
sniall vessels eníer the tumor trom its periphery. In this microbubble 
spccitic mode (Vascular Recosnition Imaging. Toshiba. Tokyo). thc 
contrust is depicted in green when it is stationary: the red and blue 
tints show movina microbubbles. (C) In the third frame, at 27 seconds. 
c o n tra s t  is f i l l in s  th e  l iv e r  p a r e n c h y m a  b u t th e  m e ta s ta s is . vvith iis 
low vascular volume. is hiíĩhlighted as a sicnal void.



FIGURE 19 Stab wound of the liver. This paúent suffcred a penetrating inịury to the right liver; despite knovving exactly 
where to look, it could not be demonstrated on grayscale ultrasound (A). Following adminisiration of a contrast agent 
(SonoVue, Bracco, Milan), the lesion was clearly shown (arrowhead in B).

m a in  pancreatic  d u c t is secn  as “tram  lin es” w ith  a max- 
im um  caliber o f 3 m m.

In acute pan c reaú tis , the g land svvells, losing  its 
n o rm al shape, w h ich  has a w aist a i its neck, a n d  be- 
com es echo p o o r, b u t in  p ractice , acu te  p an c rea titis  is a 
clin ical d iagnosis. An u ltra so u n d  scan  shou ld  be ob- 
ta ined  early in the  co u rse  of the d isease to look  for 
gallstones. In  ch ro n ic  pancreatitis , the re  may be no 
changes on ultrasouncl un til íìbrosis an d  calc iíìcation  
supervene (Fig. 26). D ila tation  an d  to rtu o sity  o f the 
m a in  du ct can  be dem onstra ted .

C arcinom a of the pancreas p ro d u ces a m ass of 
variable echogen icity , o ften  accom pan ied  hy d u c t dila-
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FIGURE 20 Gallstone. The strongly echogenic structure (ar- 
rowhead) in the gallbladder and its tell-tale shadovving (S) are 
diagnostic of a gallstone.

ta tion  and  also by d ila ta tio n  o f the bile d u c t ( th e  “dou- 
b le-duct sign”) w hen , as is eom m onest, the  tu m o r arises 
at the head  of thc pancreas (Fig. 27). S om etim es the 
d iagnosis is obvious, w ith  the m ass p e rh a p s  involving 
the p o rta l vein an d  lym phadenopa thy , b u t o ften  the 
íeatures canno t be đ istingu ished  from  local pancreatitis . 
E ndoscop ic u ltra so u n d  offers som e advan tages b u t is, of 
course , m ore  invasive.

FIGURE 21 Acute cholecystitis. Wall thickening (arrow- 
heads), oíten with splitting from cdema, is typical in acute 
cholecystitis. There is usually local tenderness under the probc, 
which may be obvious in real tirae. The offending stone (arrow) is 
visible.



FIGURE 22 Carcinoma of the gallbladder. A large mass occu- 
pics ihe gallbladdcr [ossa in this paúent, who presented with 
jaundice. Embedded within the mass are several calculi (arrow- 
heads). K, Kidncy.

O í the ra rer ío rm s of pancrea tic  tum or, cystic 
carcinom as m ay p roduce a m ulticystic  m ass, though  
in  ihc m icrocystic type the ind iv idual cysts are usually 
too sm all to be resolved and instead  ihe ir nu m ero u s 
walls p roduce an  echogenic mass. Papillary tum ors 
are alm ost never visualized w ith  u ltraso u n d  because

they p resen t at too sm all a size. E ndocrine tum ors aie 
secn as echo-poor masses, bu t conventional scann irg  
usually  does nol dem onstra te  horm onally  active tuino'5 
becausc o f their sm all size. Hovvever, ihe su p e rk r  
reso lu tion  of im raoperative scann ing  can reveal th e n  
and  this is very useful to locate im palpable turao-s 
(Fig. 28).

NEW  METHODS

The clin ical im pact of the advent of con trast agents for 
u ltra so u n d  has heen described. C on trast agents al.o 
offer b o th  anatom ical in form ation  íor delinea ting  a id  
characteriz ing  focal le s io n sa n d  íunctional iníorm ation, 
derived  bv the ir use as tracers in  track ing  the transit O a 
b o lu s  across a reg ion  of interest. In th is role, they are 
su p p o rted  hy the srnall vo lum es required  (0 .5—5 m l is 
typical) and  by the fact th a t nevv scann ing  m odes are 
speciíìc to the m icrobubb les, so that they c.m be alm cst 
com pletely  separated  from  tissue signals and display*d 
as períectly  registered  íusion images. In add iúon , tlvy 
have a relatively sh o rt persistence aíter in jection  ( 2 —. 0 
m in u tes), so thai repeat s tud ies are leasible, and  they are 
nontoxic . The fact thai ihey can he selectivcly destroy íd  
by  acoustic  p ressu res tow ard the top of the accep ta lle  
d iagnostic  range offers the unique opportun ity  for ntg- 
ative bo lus stud ies thai d isp lay  ihe rcperfusion of a t.s- 
sue to give true hem odynam ic iníorm ation.
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FIGURE 23 Stone in a dilated common hile duct. The echo- 
genic structure vvithin the dilated common bile duct (arrowhcad) 
is identiíied as a stone bv its shadovving. Dilatation is easily 
recognized on ultrasound, but stones are oíten much more 
elusivc and endoscopic retrograde pancreatography may be 
requìred.

FIGL'RE 24 Dilated intrahepatic ducts. Normal ducts can ust 
be resolved wíth ultrasound, but, when dilated, they are readily 
identified as tubes running alongside thc vascular structures, },ro- 
ducing a sort of duplicated anatomical pattern seen as “too manv 
tubes" or ihe “parallel channel." signs ol the ducts convcrgin^ on 
ihe porta hepatis. GB. Gallbladder.



FIÙURE 25 Pancreas. The proximal pancreas with its duct 
(arovv) lying across the superior mesenteric vcsscls is seen in 
thi' cpigastric iransverse seclion. A, Aorta; antrum, antrum of 
slo.nach; IVC, iníerior vena cava; SMA, supcrior mesenteric ar- 
lep; SMV, supcrior mcscmcric vcin; SpV, splenic vein.

A new  way lo use u ltra so u n d  (and o th e r im aging) 
daia that cou ld  prove to be im portan t is elasticity  itn- 
aging. For this, a series of im ages is co llected  w hile the 
tis^ue u n d e r study  is d isto rted  by applv ing  gentle p res- 
suie, in o rd er to m ove the tissue by ab o u i 5 m m . The 
im ígcs of the response to such  a slress are used to form  a 
sintin im age, w h ich  relates to the elastic (Young’s) 
mcduliLs. because  ihis has several o rders of m agn itude 
greater range in  hu m an  tissues than  does the bu lk  m od- 
ulus that is used  lor conventional u ltra so u n d , the 
contrast bctw een  norm al and  patho log ical tissue is in-

creased. In experim en tal s itua tions, elastographv  can be 
im p lem en ted  in real tim e and , for the liver, 
card iac m o tio n  can be useđ  as the stress. A lthough 
n o t ready  for clinical use, th is app roach , w hich  essen- 
tially  im ages vvhat the palpating  hand  discerns, is of 
g rea t in terest. U ltraso u n d  can be im p lem en ted  in 
th rce  d im en sio n s and th is has proved  useful w hen  com - 
p lex  anatom y, such  as the fetal face, needs to be de- 
p ic ted , to look  for developm enta l abnorm alities. In 
gas troen tero logy , this is p robab ly  of less im portance, 
bu i the fact ihat th ree -d im ensional im ages can be ob- 
ta ined  in  real tim e (so-called  four-d im ensional im aging) 
co u ld  be useỉul for in te rv en tio n a l p ro ced u res  in w hich  it 
is im p o rta n t to v isualize ihe needle pa th  in teractively  in 
th ree  d im ensions.

C O NC LU SIO N S

D evelopm ents in u ltra so u n d  have aOorded it a un ique 
ro le  in the  field o f gastroen tero logy . lt is the choice 
tech n iq u e  for the  gallb ladder and biliary  tree, w hereas 
D opp ler gives u n iq u e  in íb rm a ú o n  in portal hyperten- 
s io n  and  o th e r v ascu lar d iso rd ers  of the liver. Ncw tech- 
n iques, especially  vviih m ic robubb le  con trast agents, 
have m ade us com parab le  to helical CT for detecting  
an d  d iffe ren tia ting  liver tum ors  and in abdom inal 
traum a. T he role of us is iu rth c r  ex tend ing  to hollow  
ab d o m in al organs, th an k s  to new  technologies and 
system atic  scan n in g  approaches.
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Í IGURE 26 Chronic pancreatitis. ultrasound is not sensúive 
to the changes of chronic pancrealitis, but vvhcn there is calciíìca- 
tion, wiihin the duct in this case (arrowheads), the changes are 
easilv deinonstnitcd. D. Pantreatic duct.

PIGURE 27 Carcinoma of the head oí the pancreas. This large 
mass in the position of thc head of the pancreas (arrowheads) 
proved to be a cancer, bui the distincúon [rom a chronic pancre- 
atic mass is oltcn impossihlc. Note tht' dilated gallbladder (GB).



F1G U R E 28 Insulinoma imraopcrative scan. This 7 -m m  

insulinoma in the head of the pancreas could not he located in 
iheatcr. This high-resolution scan obtained directly Via the cx- 
poscd pancreas clearly shovvs the lesion (arrowheads); the asso- 
ciated blood vessels are highlighied on color Dnppicr. (Sce 
Plate 11 .)  PDA, Pancreaiico-duodenal arcadc; SMA, supcrior mcs- 
enteric artery; SMV, superior mesenlcric vein.

S ee  A lso  th e F o llo w in g  A rtic lcs

Computed Tomography (CT) •  Endoscopic ultrasonography
• Endoscopy, Complicaúons of • Picture Archiving and 
Communication Systems (PACS) • Upper Gastrointestinal 
Endoscopy
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Upper Gastrointestinal Bleeding
c. M el W il c o x

U niversity  o f A labam a. B in n in gh am

heitiatemesis Vomiting of blood.
hematochezia Passage of bright red or \vine-colored stool, 

usually rcpresenting bleeding from the lower gastro- 
iniestinal tract, oíten the colon. 

m ilena Passage of dark black stool, representing blood 
typically Irom an upper gastrointestinal source. 

upper gastroiruestinal hleeding Loss of blood from the 
gastroinlestinal tract proximal to llie ligament oỉ Treitz.

Acute upper gastro in testinal bleeding is a com raon med- 
ical condition encountered by generalists and specialists 
alike. Despite the signiíìcant s trides in the developm ent of 
ef|eclive endoscopic techniques for hem ostasis, this type 
of bleeding, especially in the elderly, rem ains a signiíicant 
caiise of m orbidity  and potential m ortality. Prom pt rec- 
ognition of the patien t w ith acute uppcr gastro in testinal 
b lceding will ensure timely endoscopic evaluation, which 
will provide not only a diagnosis bu t also the opportunity  
for endoscopic therapy and triage. Patients w ith low-risk 
lesions at endoscopy can be managcd w ith earlier hospital 
discharge, assum ing there is no significant com orbidity.

INTRODUCTION

C u rren t estim ates o f the inc idence of hosp ita liza tion  for 
acu te u p p er gastro in testinal b leed ing  (UGIB) in  the 
U n ited  States p o p u la tio n  range from  30 to 100 per 
100,000, w hich  transla tes to app rox im ate ly  400,000 
hosp ital adm issions yearly in  the U niied  States. 
W h eth er the w idespread  ad o p lio n  of Helicobacter pylori 
e rad ica tion  therapy  for p atien ts w ith dyspepsía and  pep- 
tic ulcer as w ell as the use of safer nonstero idal an tiin - 
ílarnm atory  clrugs (NSAIDs) w ill reduce th is  num ber 
rem ains to be explored . These inc idence data do not 
acco u n t for those patien ts w ho experìence acuie 
UGIB w hile hosp italized ; given the  n a rrow er d ifferential 
d iagnosis an d  h ig h er m orta lity , su ch  pa tien ts  represen t 
a u n iq u e  subse t of bleeders.

ETIOLOGY

The m ost com m on  cause of acute UGIB rem ains peptic 
u lcer disease (Fig. 1). G astroesophageal varices, 
M a llo ry -W eiss  tears, and  acute gastric m ucosal lesions

other

F1G U RE 1  Etiology oíupperGI hleecling. AGML, Acutegastric 
mucosal lesion.

(erosions) are ihe n ex t m ost Irequent etiologies. Ít is 
im portan t to recognize ihat the m ost com m on cause 
idenú tìed  in a p articu la r study  is dep en d en t on the pop- 
u la tion  exam ined. For exam ple, peptic u lcer and acute 
gastric m ucosal lesions rep resen l the m ost com m on 
causes in NSAID users, w hereas variceal b leeding is 
m ost p reva len t in palien ts w ìth  portal hypertension  
and cirrhosis.

APPROACH TO THE PATIENT

The fìrst step in  the m anagem ent of the patien t w ith 
UG1B is p rom pt diagnosis. A lthough  m ost patien ts m an- 
ifest w ith  an altera tion  in  stoo l color, usually  m elena 
associated w ith hem atem esis, the initial p resen ta tion  in 
som e patien ts  will be hem atochezia alone, w hich may 
suggest a low er gastro in testinal (GI) bleeding source. 
The co lor of bo th  vom itus an d  stool no t only po in ts to 
the si te of b leed ing  (u pper versus lovver GI tract), bu t 
also prov ides im p o rtan t p rognostic  inform ation. Pa- 
tients w ho p resen t w ith  hem atem esis and  m elena gen- 
erally have m ore substan tia l bloocl loss as com pared  to 
patien ts who p resen t w ith “coffee-ground” hem atem esis 
and b row n  stoo l or m elena vvithout hem atem esis. Red 
hem atem esis also suggests m ore acute and  significant



b lood  loss an d  is associa ted  vvith a vvorse prognosis 
com pared  to a p re se n ta tio n  w ith  coffee-ground 
hem atem esis alone. G enerally , the m ore significant 
the b lood  loss, the m ore likely the b leed in g  source is 
arterial.

A th o ro u g h  h isto rv  o ften  provides im p o rta n t clues 
to the u n d erly in g  cause of bleeding. A ihorough  
system atic  review  for d iseases of the esophagus, stom - 
ach, and  d u o d en u m  sh o u ld  be perform ed. Rarely, 
nasopharyngeal an d  o ropharvngeal b leed ing  will mas- 
querade  as UG1B in  th e  absence of sym ptom s poin t- 
ing to th is  possìb ility . T he p resence of dysphagia or 
reílux  sym ptom s m ay suggesi esophageal cancer and  
gastroesophageal reílux  disease, respecúvely . Because 
NSAID use is so p rev a len t in  patien ts w ith  gasiric and 
duodenal u lcer d isease and  acu te  m ucosal lesions, it is 
im p o rta n t to q u es tio n  speciíìcally  no t only  regard ing  
p resc rip tio n  use but also the use of over-the-coun ter 
NSAIDs, because m any p a tien ls  do n o t consider ihese 
“m ed ica tio n s.” T he dose an d  d u ra tio n  are also im p o rtan t 
to ascerta in , because h igh-dose NSAID use of long cìu- 
ration  is m ore likely to p ro d u ce  pep tic  u lce r as com - 
pared  to  very s h o rt- te rm  in te rm itte n l use. A past h isto ry  
of pep tic  u lcer, p a rticu la rly  b leed ing  u lcer, is im porian t 
to iden tiíy . A ssociated  sym ptom s of u lcer include nau- 
sea, vom iúng , an d  n o c tu rn a l epigastric d istress. Never- 
theìess, the absence of abdom inal pain  is com m on in 
peptic u lcer regard less o f NSAID use. Pain less b leedìng 
is also m orc com m on  in  pa tien ts  w ith  m ucosal disease 
su ch  as v ascu lar ectasias. V ascular ectasias are m ost 
p reva len t in  the  e lderly  and  in those w ith  underly ing  
renal d isease, typically  e lderly  patien ts on  dialysis. Ap- 
p ro x im ate ly  o n e-th ird  of patien ts w ith  M allory— 
W eiss tear w ill n o t p resen t w ith a classic h isto ry  of 
repe litive  re ich ing  fo llow ed by hem atem esis. Portal hy- 
p e rten sio n  m ay be suggested  in the p a tien t w úh  estab- 
lished  ch ro n ic  h ep a tứ is  o r signiíìcant alcohol usc 
associa ted  w ith  stigm ata of ch ron ic  liver disease. A his- 
tory o f ao rtic  aneu rysm  o r p rio r rep a ir  sh o u ld  raise the 
possib ility  of an ao rto en te ric  íìstula, w h ich  w ould re- 
qu ire  n o t on ly  endoscopv  b u t also c o m p u ted  tom ogra- 
phy to diagnose.

Follow ing  re c o g n iú o n  and  diagnosis. in itial evalu- 
atio n  m ust p ro m p tly  add ress  hem odynam ic status. Per- 
sis ten t b leed ing  w ith  sub seq u en t vo lum e loss, if Ieft 
u n trea ted , w ill lead lo n iu ltio rgan  failure and  death  
caused  by h v p o p eríu sio n . ln iú a l hem odynam ic assess- 
m en t sh o u ld  use vital signs as a m easure of volum e 
status. R esting tachycard ia  and  o rthosta tic  hypo tension  
rep resen t a >  15% vo lum e loss. The degree of resusci- 
ta tion  w ith  no rm al sa line ancl/or blood p ro d u c ts  shou ld  
be d ic ta ted  by the vo lum e sta tus (v ita l  signs), initial 
h em ato crit, and  ev idence of ongoing  b lood  loss as

assessed clinically (recu rrenư persis ten i hem atem esis, 
m elena, etc.)- C areíu l adm in istra tion  o f  b lo o d  products 
and  íluids shou ld  be provided for the eldcrly  patients, 
especially ihose w ith  underly ing  h eart d isease or rcnal 
dysfunction . M ain ta in ing  a hem alocrit above 30% is 
app rop ria te  for those w ith  underly ing  coronary  artery 
disease to m axim ize oxygen delivery. Ii is critical to 
rem em ber that ihe hem atocrit can  be in íluenced by 
the degree of volum e resusc ita tion  and  p rio r volụm e 
status. Therefore, the hem atocrii m ust be in te rp re ied  
in the contex t o f these o th er íactors. D eterm ination  of 
p la telet co u n t an d  p ro th ro m b m  tim e is im portan t, and is 
m andalo ry  for ihose receiv ing m edications such as 
coum adin . In add ition , an  elevaúon of p ro th rom bin  
tim e and /o r th rom bocy topen ia  cou ld  po in t to underl- 
y ing porial hypertcnsion . E levation  of b lood urea n itro- 
gen concen tra tion  can be observed w ith  both upper and 
low er GI bleeding, a lth o u g h  this is typically higher w ith  
UGIB. Patíents at risk  for co ronary  diseasc should have 
an  e lectrocard iogram  to exclude myocarciial ischem ia; 
occu lt ischem ia and  in farc tion  have becn 1'ound in 10% 
or m ore of elderlv  patien is. C hest rad íography  should be 
used selectively.

The site of g astro in testinal b lood  loss is generally 
apparen t based on the h isto ry  or w itnessing of 
hem atem esis or m elena. W hen the  diagnosis of UGIB 
is in  doub t, nasogastric (N G ) asp ira tion  should  be con- 
sidered. Iden iiR caúon of bile in ihe aspirate suggcsts 
e ither b leeding distal lo the d u o d en u m  or bleeding 
tha t has stopped. C onversely, ií no  bile is found, bleed- 
ing may still be p resen t in  the duodenum . A lthough 
m elena alm ost un iform ly  represen is blceding p roxiinal 
to the colon, in  elderly patien ts  w ith  hem alochezia in 
the absence of hem atem esis, docum en ta iion  of an u p p er 
gastro in testinal source is critical. vvhen there is aciive 
gastro in testinal blood loss (unstab le vital signs) and  
hem atochezia, u rg en t u p p e r  endoscopy  should be per- 
form ed vvhen bile is no t found 011 NG àspirate, because a 
đuodenal ulcer could  be present. w h en  the patient pres- 
en ts w ith hem atem esis o r gross m elena vvilh stable v itals 
signs, NG asp ira tion  is no t m andaiory , because the site 
of b leed ing  is know n. lí' there is concern  about active 
b leeding, w hich  may in ỉluence ihe úm ing  of endoscopy, 
NG asp ira tion  to  sam ple for ĩresh b lood is reasonable. 
R outine use of nasogastric lavage p rio r to upper enđo- 
scopy is unnecessary , because Standard NG lubes can- 
no t adequately  clear thc stom ach ol b lood  and clots; a 
large-bore tube (Edlich tube) is requ ired  in ihis setting. 
G enerally , even vvith acúve b leed ing  and  blood clo ts in 
the  stom ach, the bleeding source can be accuraielv iđen- 
tiíied and  endoscopicallv  treated  at the tim e of 
endoscopy.



R1SK ASSESSM ENT

W ie n  in itially  eva luaúng  the patien t, ou tcom e is in tu - 
iti-ely  assessed. F or exam ple , it is recognized  tha t the 
m. jot' risk  faetor im pacting  the ou tcom e of UGIB is 
u r iC o n t r o l le d  a n d /o r  r e c u r r e n t  h e m o r r h a g e .  B o lh  c l i n i -  

ca. an d  endoscopic features help  p red ic t rec u rren t hem - 
orrhage and poor ou tcom e. Id e n tiík a tio n  of these 
p aáen ts  is how  early endoscop ic exam ina tion  and en- 
do icop ic  therapv will have the m ost beneficial im pact.

A n um ber of clínical íac to rs have been  exam ined  for 
thcir p red ic tive  value [or r isk  of recu rrem  hem orrhage. 
Thesc in c lu d e  age greater than  65 vears, gender, alcohol 
o r  tobacco use, p reexisting  liver disease, r e n a l disease, 
vascular m alĩo rm ations, an ticoagu lan t use, unstable 
vit.il signs (lachycardia, o rihostasis , shock ), ongoing 
b lred in g  (hem oglobin  < 9 g /d l ) ,  and b lo o d  u rea  n itro - 
gen (BUN) concen tra tion  > 9 0 m g /d l .  Hovvever, w hen 
con tro lling  for ihese variables, independen i p red ic to rs 
in rlude  unstab le v ital signs (tachycard ia , o rlhostasis, 
shock) and  clinical evidence o f ongoing  blood loss. 
W lien  com bin ing  these íactors in a sco ring  system , 
m ore than  90% of palien ls  w ho requ ire  in te rven tion  
can be iden titĩed , w h ich  generally  will include endo- 
sccp ic therapy . Conversely, it is now  recognized thai 
paiients vviihout these clinical íea tu res are at low  risk  for 
recu rren t b leed ing  an d  m ay be m anaged w ith  less 
urgency.

All patiem s vvith gastro in iestinal b leeding require  
neither in iensive care u n it (ICƯ ) siay n o r  even hospital 
adinission. F acto rs tha t m ay ỊDrompt adm ission  for 
1CƯ m o n ito rin g  include active b leed ing , hypo iension , 
coagulopathy , altered  m ental sta tus, and  com orbid  con- 
d iúons, especially in elderly  patien ts . N evertheless, 
đ in ic a l ịudgm ent shou td  gu ide the need  for observaúon  
in an in tensive care un it. E m erg ing  clata suggest that 
clinical ĩeatures alone m ay p red ic l w hich patien ts 
require hosp ita ĩization  for bleeding.

M ost stud ies have com bincd  both  clinical and en- 
doscopic features to assess risk  for recu rren t b lecding, 
ponr ou tcom e, and need for hosp ita lization . Rockhall 
and colleagues developed one of ihe best-s tud ied  scor- 
ing  svstem s. This investigation  found  that age, vital 
signs, com orb id ity , source of hem orrhage , an d  endo- 
scopic stigm ata could  be used  to classiíy l o w  risk  and 
thus eligibility  for o u tp a tien t care. In th is  study, patien ts 
w ithou t ihese features had no m orta lity  at sho ri-te rm  
fol]ow up. O th er investigators have used  sim ilar com bi- 
nations of clinical and endoscop ic  features to show  that 
early d ischarge or even d ischarge follow ing endoscopy  
is lioth saíe and cost effective. O ne study  used well- 
deíined criteria  for low -risk  d ischarged  p a tien ts  m eeting  
these criteria  after endoscopy  in  the em ergency  room .

TABLE I Prevalence and O utcom e of Stigm ata of 
H em orrhage in Bleeding u lc e rs

Endoscopic stigmala Prevalence (%) Rebleeding rale (%)

Spurting 10 80
Visiblc vcssel 20 50
Clot 20 15
Flai spots 15 5
Clean base 30 5

F ollow up d em o n stra te d  a low  risk  for rec u rren t b leed- 
ing (less th an  5%) w ú h  0% m orta lity .

E ndoscop ic  leatures have been  w ell es tab lished  as 
p ređ ic io rs  for rec u rrc n t g as tro in tes tin a l b leeding. T hese 
features have p rim arilv  been  s tu d ied  in pep tic  u lcer 
h em orrhage  b u t are likely applicab le to o th e r 
nonvaricea l causes. A lth o u g h  stuclies have suggesicd  
that large u lcers, u lcers h igh  on  the lesser cu rv a tu re , 
and  p o sie rio r  d u o d en a l u lcers have the h ighest risk  ol 
reb leed ing , it is now  recogn ized  that endoscop ic fea- 
tu res  o f the lesion— so-ca iled  stigm ata of hem or- 
rhage— are the m ost im p o rta n t (Table I; Figs. 2 — 6). 
T hese stigm ata  have been  repeated ly  show n to p red ic t 
accurately  ihe  r isk  of rec u rrem  b leed ing , the need  lor 
surgery , an d  m orta lity . T he reb leed in g  ra te for clots 
overly ing  an  u lcer is variab le am ong  stud ies, and 
these d iỉle ren ces are likely re la led  to the fact tha t ihe 
b lood clot m ay obscure  u n d e rly in g  stigm ata such  as a 
visible vessel.

FIGURE 2 clean-based ulcer in the peripyloric area.



FIGURE 3 Linear ulcer in the gastric body; note Hat black 
spots.

O ver the past several decades, despite the efficacy of 
endoscop ic  therapy, the m ortality  rate for UGIB has 
rem ained  relatively Slable at approxim ately  5 — 10%. h 
is felt thai this rate has no t íallen because elderly  pa- 
tien ts, who are m ore likely to die, com prise a larger 
p ro p o rú o n  of the b leed ing  population . ỉt is recognized 
th a t age greater than 60 years increases the risk  of death  
for UG1B by approx im ate ly  10-iold. P atients w ho have 
substan tia l b leed ing  w hile  hospitalized  have m orta lity  
ra tes o f approx im ately  30%, likcly due to the signiRcant 
com orb id ity  req u irin g  hospitalization . Regardless of 
the  g roup , patien ts w ith  UGIB rarely d ie from  b lood 
loss, b u t ra lher b leed ing  exacerbates anv  underly ing  
com orbid ities.

In sum m arv, cu rren t evidence sưongly  supports the 
use of bo th  clinical and  endoscop ic íeatures to p re d k t 
recu rren t bleeding and outcom e. w h e n  these ĩeatures 
are com bined, it is possib le to determ ine no t only if 
patients require m ore careíul m onito ring  such as in 
an ICU. bu t also if p a tien ts  require hospital adm ission.

ENDOSCOPIC HEMOSTASIS

A random ized trial of 100 patien ts w úh UGIB com par- 
ing rou tinc cndoscopy to upper gasưo in testina l barium  
study  in 1981 show ed no difference in hospital stay, 
rebleeding rate, and m ortality . T his resuli is not sur- 
prising  given the fact that, at tha t lime, cndoscopv re- 
p resented  a diagnostic tool alone. Subsequently. Laine 
prospectively random ized  patien ts  vvith b leod ingpep tic  
ulcers and h igh-risk  stigm ata to endoscopic therapy 
using a therm al probe or sham  endoscopic iherapy. 
This study  dem onstra ted  an im proved  outcom e in the 
ireated  group  w ith  g rea ier hem ostasis (90% of treatcd  
patients com pared  [O 13%), low er Lransfusion require- 
m ents, less urgen i surgery , and a sho rter hospital stay. 
M ortality was unchanged , perhaps becausc death is an

FIG U RE 4 Large clot overlying a dcep ulccr on the lesser 
curvature.

P1GURE 0 Nipplelike proịecúon (visible vessd) Irora a sniall 
uker in the gastric bođy.



FI(il-IRE 6 Small ulcer in ihe gastric body; note active arierial 
spurting.

uneom m on even t in UGĨB. S ince this sem inal s tu d y  was 
undertaken , n u m ero u s  tria ls evaluating  pep tic  ulcer, 
M allory—W eiss tear, and esophageal variceal b leed ing  
have show n ihe efficacy o[ cndoscop ic  iherapy  in  con- 
tro lling  b leed ing , red u c in g  ihe need for em ergen t sur- 
gery, and p reven ting  reb leed ing . U sing m eta-analysis, 
C ook and  co lleagues also sh o w ed  tha t n o t on ly  will 
cndoscopic the rapy  decrease reb leed ing , b u t also 
m ortality  in b leed ing  pep tic  ulcers.

Endoscopic Hemostatic Methods

A variety o f endoscop ic  te ch n iq u es have been  devel- 
opcd and  tcsted  for the co n tro l o f  gastro in testinal bleed- 
ing, p rincipally  from  pep tic  u lcer. Broadly, these can  be 
categorizeđ as therm al, in jec tion , and m echan ical tech- 
n iques. The m o st w idely te sted  and cu rren tly  utilized  
lechniques are  the the rm al m ethods. A 7 or 10 F rench  
probe p laced  th ro u g h  the en doscope  channel delivering  
hent energy to the b leed ing  p o in t has been found  to be 
h ighly  eílective. O ne p robe uses electrical energy to 
đeliver hea t at over 200°F  to the tip of the p robe  (hea ter 
p robe). The o th e r m e th o d  uses b ipo lar c u r re n t thai 
passes th ro u g h  the ú p  of the p robe to generate  heat. 
Therrnaì m e th o d s deliver hea t to the b leed ing  vessel, 
w hich  seals the defect in  the arterial wall (coaptive 
coagu lation), thus c o n tro llin g  active b leed ing  and 
p reven ting  rcb leed ing . The d ep th  of lissue in ju ry  for 
these therm al m e th o d s is sha llow  and  thus perfo ra tion  
is rare. N o ncon tac t devices include the a rgon  and

n eodym ium  : y ttr iu m  alu m in u m  garnet (N d  : YAG) crys- 
tal laser. A lthough  effectíve, the YAG laser has fallen o u t 
of favor because of its cost, d iffìcult an d  cum bersom e 
use, and h ig h e r p erfo ra tio n  rate. M ore recently , argon  
plasm a coagu la tion  has been u tilized  and  is effective to 
ablatc superíìcia l lesions such  as vascu lar ectasias 
(Fig. 7). T his device w orks by passing A rgon gas 
from  the end  of the probe, w hich  becom es ignited , re- 
su lting  in superíìc ia l tissue coagulation . D epend ing  on 
the pow er se tting , the d ep lh  of in ju ry  is also shallovv an d  
risk  of perfo ra tion  very sm all.

The techn ique  o f in jection  therapy  is w idely avail- 
able, easy to perío rm , an d  efficacious. A varie ty  of agents 
have been used, m ost írequen tly  a d ilu te  co n cen tra tio n  
(1 :10 ,000) of ep in ep h rin e . li is felt ihat ep in ep h rin e  re- 
su lts  in b o th  vasoconstric tion  and  vessel o cclusion  (tam - 
ponade) by  the fluid bolus. In jection  of saline alone, 
how ever, does n o t ap p ear as effective as ep ineph rine . 
O th er tested  agents inc lude  those causing  tissue necrosis 
o r íìxation  (ethano l, po lidocanol, sod ium  te tradecyl- 
sullate , e th an o lam in e) and  clot form ation  (th rom bin ). 
U sing a S tandard  sc le ro therapy  needle , the techn ique 
involves irýection  o f a liquo ts of 1 — 2 nil o f d ilu te  epi- 
n ep h rin e  (m ax im um  20 m l), or 0 .1 —0.2 m l (total vol- 
um e 2 m l) ol these sc lerosing  agents, because the 
sc lerosing  agents resu ll in g rea ter tissue irýury  and  
have a h ig h e r p erfo ra tio n  rate. O ne large trial found 
th ro m b in  to be effective and to have a low  com plication  
rate. T his w as given in doses of 61 ,000 in te rn a tio n a l 
u n its  (IU ). In jec tion  o f cyanoacrylale glue, w hich  is 
Iiot available in the U nited  States, has been used in
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FIG U RE 7 Small spidcrwcb-likc lesion in the second 
duodenum, typical for a vascular ectasia.



E uropean  trials, bu l m ultip le  endoscopvsessions m ay be 
requ ired .

T he m ost com m on m echanical techn ique em ploỵed 
is the endoscop ic  m ucosal clip  (hem oclip). A hbough 
besl tested  for use in peptic u lcer b leeding, these clips 
can also be used for M allory—W eiss tears. O ne recent 
trial com paring  a heater p robe to a clipp ing  device 
suggested  su p e rio r efficacy for clips. N evertheless, in 
ihe U n ited  States, therm al and in ịection  therap ies re- 
m ain  ihe S tandard of care.

EFFICACY OF ENDOSCOPY THERAPY

N u m ero u s  trials have com pared  each of these therapies 
e ith e r to placebo (m ed ication), o ther endoscopic tech- 
n iques, o r in  com bination . G enerallv, endoscopic thcr- 
apy is adm in iste red  to patien ts w ith  actìvely b ỉecd ing  
u lcers o r w ith  h igh-risk  stigm ata, inc lud ing  visible ves- 
sels. A lthough  no t as w idely stud ied , these iherap ies are 
e lĩecúve for o ther m ucosal lesions, inc lud ing  esopha- 
geal u lcers and M allory—W eiss tears. G enerally, these 
lech n iq u es have been show n to reduce the rate o f re- 
cu rre n t b leed ing  to less than  20%, a lthough  a subslantial 
effecl on  m orta lity  has rarely  been shovvn. Several 
trials have used com bination  therapy  w ith ep ineph rine  
in jection  follow ed by therm al therapy and  suggest 
su p e rio rú y  of the com bination  tnethod.

M ANAGEM ENT OF ACUTE  
VARICEAL BLEEDING

P ro m p t recogn iúon  of the p a tien t at risk  for po rta l hy- 
p e rten sio n -re la ted  b leed ing  is critical because of ihe 
h igher m orb id ity  and  m orta lity  of these patien ts, cou- 
pled  w ith  the fact tha t speciíìc endoscopic therapy is 
req u ired  and  selected  pharm acological therap ies are 
beneRcial. A pproxim ately  3 5 —80% of patien ts w ith  cir- 
rhosis  m ay develop varices, usually  esophageal, w ith  a 
m uch  sm alle r percentage developing gastric varices. 
T he p a tien t w ho shoulcl be considered  at risk for variceal 
b leed ing  is one who presen ts w ith  stigm ata of chronic 
liver d isease (jaundice, cu taneous stigm ata of ch ron ic 
liver disease, ascites). A dditional laboratorv  clues may 
inc lude hvpopro th ro m b in cm ia , th rom bocviopenia , 
jau n d ice , and  hvpoalbum inem ia. in the pa tien t consid- 
ered  at risk  bv h istory , physical exam ination , and lab- 
o ra to rv  stud ies, pharm acologic therapv  can  be inu ia ted  
p rio r  to endoscop ic therapv  w ith octreo tide , a syn thetic 
long -ac ting  analoguc of som aiosta tin . This agent has 
essen tia lly  replaceci the com bination  of vasopressin 
and  n itra tes , given their h igher com plications as well 
as su p e rio r  efficacv of octreo tide . E ndoscopic therapv

for esophageal varices includes sc lero therapy  or, more 
recen tly , esophageal banding. This latter techn ique in- 
volves the endoscop ic delivery of ringlike elastic bands 
tha t are p laced directly  on varices. Trials com paring 
sc lero therapv  to variceal banding have show n im proved 
eíiìcacy in p reven ting  rebleeding as well as a reduction 
in com plication  rates w iih banding. Active b leeding 
from  gastric  varices can be treateđ  endoscopically , al- 
though  th is is no t a long-Lerm op tion  and surgical ther- 
apv o r tran sju g u lar in trahepatic  portosysiem ic shun t 
(TIPS) therapv  w ill be requirecl. T ransp lan ta tion  is an- 
o th e r p o ten tia l op tion  in the app rop ria te  candidate. For 
the p a tien t w ith  acu te variceal b leeding, anúbio tic  pro- 
phylax is w ith  a qu inolone for 7 days has also been rec- 
o m m ended  because this decreases overall iníection 
rates, inc lu d in g  spon taneous bacterial peritonitis.

RECURRENT BLEEDING

D espite the effĩcacy of endoscopic therap ies, b leeding 
still recu rs  in 15—20% of patien ts (range 5 -3 5 % ) treatcd 
endoscopically  w ith spurting  vessels, and bleed ing  and 
nonb leed ing  visihle vessels. R ebleedingíroni esophageal 
varices also rem ains a problem , a lth íiugh  less so since ihe 
in tro d u c tio n  o f banding. The m oria lity  in these groups 
rem ains substan tia l at 10% or grcater. Patienls w iih 
reb leed ing  can be ireated  vvith repeat endoscopic 
therapy , ang iog raph ic  em bolization , or surgery.

R e p e a t  E n d o s c o p ic  T h e ra p y

T here  has been one prospective random ized  trial 
com paring  repeat endoscopic therapy  to surgery  for 
p a tien ts  reb leed ing  from  peptic ulcer. Repeat endo- 
scopic th c rap y  vvas successful in  73% of patients, and 
thc overall com plicalion  rate was twice as high in the 
surgery  g roup . N evertheless, leng th  of hosp ital stay, 
transfusíon  requ irem en ls, and tnorta lity  w ere no diffcr- 
ent. G iven the data  from this w ell-done study, an at- 
tem p t ai repeat endoscopic therapy shou ld  be 
p e rfo rm ed  p rio r  to surgical therapy  for palien ts w ith 
u lcer-re la ted  rebleeding. A lthough noi stud ied , it is 
likely  th a t o th e r nonvariceal causes o f reb lecding can 
be sim ilarly  m anaged . such  as M allory—W eiss tear. In 
ihe h igh -risk  blceder. som e have perío rm ed  “second 
lo o k ” ẽndoscop ics in the hopes of re trea ting  cndoscop- 
ically p e rs is ten t h igh-risk  lesions, thereby reducing  re- 
cu rre n l b leed ing . The data for th is have bccn m ixed and 
no fìrm  recom m enda tion  can bc m ade.

A n g io g r a p h ic  T h c ra p v

A ngiographv can be used initially in  tho patien t w ith 
UGIB to iden tiív  the si le oí b leed ing  w hen endoscopy



cannot be perlo rm ed  or w hen  the b leed ing  source  can- 
n r t  be iden tiíìed  due to m assive b leeding. To dem on- 
strate ex travasation , active b leed ing  at app rox im ate ly  
1 n l/m in u tc  m ust be p resen t. lf active arteria] b leed ing  
is den tiíìed , selective p lacem ent of coils o r foam p led- 
ge:s into the a rte rv  ìs p eríb rm ed . w h e n  the site of bleed- 
ing is know n b u t bleeding is in ie rm itte n t, em piric  
eir.bolization o f the ap p ro p ria te  arterial source is an 
option . In the past, selective in fusion  of arte ria l vaso- 
p ressin was u tilized . H ow ever, ihe system ic effects of 
w ìJesp read  vasoconstric tion  m ay be com plica ted  by 
m vocardial in ía rc tio n  and  arrhv thm ias. The success  
o f ỉm b o liza tio n  is app rox im ate ly  80% . w ith  a low com - 
p lu a tio n  rate , inc lud ing  perfo ra tion .

Surgical Therapy

M any s tu d ies  have shovvn th a t surgery  is req u ired  for 
re iu rren t b leed ing  in app rox im ate ly  5 — 10% of p a lien ts  
w i .h  u l c e r - r e l a t e d  b l e e d i n g .  T h e  p r e c i s e  t i m i n g  o f  SU 1'- 

geiy íor p a tien ts  w ith  recu rren t b leed ing  is n o t well 
es tib lished . A lthough  successĩu l in h a ltin g  b leed ing , 
the com p lica tio n  ratc w ith  su rgery  is high an d  m orta lity  
rates o f over 20% have been repo rted . U nfo rtuna te ly , il 
is i)ftcn the elderly  patien ts w íth  com orb id itv  w ho  fail 
eniloscopic the rapy , and they are poor surgical candi- 
daies. The type of surgery  u n d e rta k en  w ill d ep c n d  on 
thc location  of the lesion an d  the  experience of the 
suigeoti. G enerally , in the h ig h -risk  p a tien t, angío- 
graphic em bo lization  can be a ttem p ted  first; if unsuc- 
cessỉul, surgical therapy  can then  be u n d erta k en .

Mcdical Therapy

A lthough  aa tac id  therapy  has been ro u tin e ly  p re- 
scribed for UGIB for m any years, large tria ls of over 
L000 p a tien ts  have failed to d em o n stra te  eííìcacy of 
h istam ine-2  (H 2) recep to r b lockers over p lacebo . A 
lart;e m eta-analysis did suggest a decrease in su rgery  
and cleath, how ever. D espite these d iscourag ing  resu lts  
w ith these agents, an tacid  th e rap y  has som e sc ien tiíìc  
rationale. In vitro, the co m bination  of b lood  and acid  a t a 
pH less than  5 resu lts  in coagulopathy , w ith  red u c tio n  in 
platelet aggregation  and íìb rin  ío rm ation . These abnor- 
m alities w ere n o t seen w hen  the pH  was g rea ter th an  6.

W ith  ihe availability  of p o ten t ac id -su p p ressin g  
agents (p ro to n  p um p  in h ib ito rs), en thusiasm  for acid  
reduction  in the se tting  of b leed ing  has b een  rek in d led . 
These agents cou ld  theoretically  be effective, g iven the ir 
efficacy is raising  gastric pH. Several s tu d ies  from  
Europe have show n that a co n tin u o u s  in fusion  of 
om eprazole in b leed ing  pep tic  u lce r decreases reb leed- 
ing rates. The use of h igh-dose o ral therapy  was sh o w n  
to be effective in one study, and  there ap p ears  to be

add itiona l effìcacy for the use of om eprazo le  follovving 
endoscop ic iherapy.

A lthough w idelv used for the therapy  of variceal 
hem orrhage , som e data suggest th a t in travenous so- 
m atosta tin  an d  octreo tide  also have beneíĩt for u lcer- 
related  b leed ing . A recen t m eta-analysis suggested  a 
red u c tio n  in co n tin u ed  or recu rren t bleeding; how ever, 
g i v e n  t h e  e f f ì c a c y  o f  e n d o s c o p ì c  t h e r a p i e s ,  p e r h a p s  COIĨ1- 

b ined  w ith  o ral om eprazole , these agents sh o u ld  rarely 
be gi ven.

POSTTHERAPY FOLLOWUP 

Immediate

A ssum ing endoscop ic therapy  has been p erfo rm ed  
successfully  o r thc p aú e n t đoes n o t requ ire  endoscop ic  
therapy  at the tim e of endoscopy , the in tensity  of 
subsequen i m o n ito ring  for reb leed ing  is d ep e n d en t 
ọn  the lik e lih o o d  of reb leed ing  and ihe overall hea llh  
sta tus of the patien t. E lderly  p a tien ts  vvith com orb id ity  
w ith  u lcer-re la ted  h leed ing  req u irin g  encloscopic hem o- 
stasis m ay req u ire  add itiona l 1CU observation , vvhereas 
a younger hea lthy  patien t w ith  a M allo ry—W eiss tear 
treated  endoscop ically  could  be m anaged on a w ard  and 
considered  for early  đ ischarge (w iih in  24 ho u rs  of en- 
doscopy). M on ito ring  shou ld  inc lude n o t only  íreq u en t 
vital signs and hem atocrit, bui a lso a  careful re c o rd in g o f  
stool frequency  and  color as im p o rtan t clues to recu r- 
ren t b lecding. G enerally , u lcer-re la ted  reb leed ing  
occurs app rox im ate ly  2 4 —72 h o u rs  a ĩte r in itial 
s tab ilization . F or the p a tien t considered  al low  risk  
for rec u rren t b leed ing , the d ie t can  be liberalized  and 
early d ischarge p lanned , assum ing  there  is adequate  
hom e su p p o rt. If repeat endoscopy  is e ither p lanned  
or felt likely because o f  h igh-risk  stigm ala, a com plete ly  
liquid diet is ap p ro p ria te  for the íìrsi 24 h ou rs  after 
endoscopic therapy. H ospital d ischarge is ap p ro p ria te  
4 8 —72 h o u rs  aíter endoscopic th e rap y  in  the elderly  
patien t.

Curing the ulcer Disease

Prior to aw areness of the role o f H. pylori in  the 
pathogenesis o f  pep tic  ulcer, long-ie rm  strateg ies fol- 
low ing u lcer h em orrhage consisted  of m ain tenance  ant- 
acid therapy  to p reven t rec u rren t u lcera tion  an d  thus 
bleeding. In a s tu d y  by Jensen  and colleagues, the use of 
m ain tenance ran itid in e  (15 0 m g /d ay ) decreased the re- 
cu rrence rate  of duođenal u lcer b leed ing  over 1 year 
from  36 to 9%. G iven the ir ad d itio n a lp o te n cy , it is likely 
that long -te rm  the rapy  w ith  p ro to n  pum p  in h ib ito r 
therapv  w ou ld  be even m ore effective. No đ ifferences



have been  shovvn in  u lce r healing betw een b leeding and  
n o n b leed in g  ulcers.

D e te rm in a tio n  of H. pyỉorì status d u rin g  the hosp i- 
ta liza tion  is m an d ato ry  for patients w ith b leed ing  u lcer. 
B iopsy o f the g astric an tru m  for urease testing  ị w íth a k it 
u sing  the  Campylobacter-like organism  (CLO) testị can 
be perfo rm ed  at the tim e of endoscopy, a lthough  the 
sensitiv ity  has been íound  to be less in ih is  se tting , 
p erh ap s d u e  to in te rference from blood. Random  biop- 
sies can  be ob ta ined  for gastric histology, particu larly  if 
n eo p lasm  needs to be excludeđ and assessm ent for 
H. pyìori p erío rm ed . Stool antigen tests are an o th er al- 
ternative . To ensu re  an  accurate diagnosis, com bm ation  
testing  w ith  m ore th an  one m ethod is suggested. N u- 
m erous s tu d ies  have 110w dem onslrated  that successful 
e rad ica tio n  o f H. pylori effectively cures peptic u lcer 
d isease. F o r p a tien ts  w ilh  b leeding ulcer, th is is trans- 
la ted  in to  decreased  u lce r and hem orrhage risk. Indeeđ, 
m ost s tu d ies  suggest tha i the b leeding rate follow ing 
successĩu l e rad icad o n  is less than 5%. Given ih is 
s tr ik in g  success, it is  critical to verify the erad ica tion  
o f H. pyỉori e ith e r w ith  a urea breath  tesi, repeat endo- 
scopy an d  biopsy, o r stoo l antigen Lesting. lf H. pylori is 
successíu lly  erad ica ied  and the patient does no i requ ire  
NSAID therapy , long -te rm  acid suppression  is not gcn- 
erally  requ ired .

ROLE OF N SAID THERAPY

F or p a tien ts  in  w h o m  NSAIDs are helieved causalive, 
p ro sc rib in g  these m ed icaũons shou ld  be done if at all 
possib le. If NSAIDs can  be d iscontinued , S tandard ant- 
acid th e rap y  w ill heal the lesions. If NSAIDs nuist be 
co n tin u ed , an tac id  ihe rapy  with a p ro to n  pum p  inh ib- 
ito r g iven for 12 w eeks is inđìcated  to hcal the ulcer. 
P rospective stud ies  have show n the superio rity  of 
om eprazo le  in  Standard doses com pared to H2 recep to r 
an tag o n is ts  and  m isop rosto l for the healing of NSAID- 
re la ted  u lcers desp ite  con tinued  NSAID use.

P a tien ts  w ho req u ire  long-term  conventional NSAID 
th erap y  vvill requ ire  cotherapy. In a studv random izing  
over 700 p a tien ts  w ith  healed N SA lD -related gastric or 
d u o d en a l u lcers, b u t w ho required  co n tin u ed  NSAIDs, 
to o m eprazo le  (2 0 m g /d ay ), m isoproslol (200 |ig  BID), 
o r p lacebo , the u lce r rem ission rates w ere 61, 48, and 
27% at 24 vveeks, respectively. A lthou^h ihis study  
clearly  d o cu m en ted  the superiority  of om eprazole , it 
sh o u ld  be recogn ized  that alm ost 40% oi' p atien ts had 
u lcer relapse, w hich  is unacceptable.

A n o th er s trategy that could  bc cm ploved is the use of 
cyc looxygenase-2  in h ib ito rs  (COX-2). A Sludy com par- 
ing the  COX-2 agen t celecoxib lo d ic lofenac p lus 
o m eprazo le  in p a tien is  w ith NSAID-rclaied u lcer bleed-

ing ío u n d  an  equivalent rate of rec u rren t b leedíng at 
6 m o n th s o f 4.9 vs 6.4%, respectively. These resu lts 
suggest that in h igh risk  pạtien.ts, a COX-2 agent 
alone m ay need lo be given w it h  a p ro io n  pum p inh ib - 
ito r to íu rth e r reduce b leed ing  risk. O ngoing stud ics 
shou ld  address this im p o rta n t question.

The use o f even low -dose aspirin  increases ihe r isk  of 
peptic u lce r bleeding. The relative risk of even low -dose 
aspirin  (81 m g )h a sb e e n s h o w n to b e g re a te r  than 2. The 
rìsk  is h igher w ith increasing aspirin  dose, given the 
d o se—response re la tionsh ip . T hereíore , in the p a tiea t 
w ith a b lced ing  ulcer w ho requ ires long-term  low-do.se 
asp irin , co therapy  w ìth a p ro to n  pum p in h ib ito r shou ld  
be provided .

T here are som e data suggesting that H. pyìori erad- 
ication m ay reduce the u lcer recurrence rate desp ite 
con tinued  NSAID use. C han and colleagues com parcd  
m ain tenance om epraeole to H. pỵlori eradication  in pa- 
liem s w ith  b leed ing  ulcers w ho requ ired  con tinued  as- 
p irin  o r naproxyn  therapy . In patien is requ iring  
naproxyn , they found the incidence of recu rren t u lcer 
was low er in patien ts receiving om eprazole (4%) than  in  
those undergo ing  H. pỵlori e rad ica tion  alone (19% ). In 
con trast, ihe recu rren l hem orrhage rate was equivalen t 
for pa tien ts  receiving asp irin  and om eprazole and  ior 
patien ls receiv ing asp irin  and H. pyìori e rad ication  w ith - 
ou t on ieprazo le .

SUMMARY

UGIB re ina in s a com m on an d  im p o rtan t m edical con- 
d ition . G reat strides havc been  m ade in  the past decade 
in  ihe developm ent of endoscopic hem osiatic tech- 
n iques lliat have sign iíìcan tly  im pacted  ou r ability  to 
con tro l and  prevent rebleeding. The use of p o ten t an ti- 
acid therapy , ìn c lu d in g in trav en o u s p ro ton  p u m p in h ib -  
itors, m ay additionally  im prove ihe outcom e o íb le ed in g  
pepúc ulcer. P rom pt recogn ition  of the patien t w ith  
UG1B will ensure tim ely endoscopic evaluation, p ro v id - 
ing n o t on ly  a diagnosis, b u t also the o p p o rtu n ity  for 
endoscop ic  therapv and triage. P atien ts \vith low -risk  
lesions ai endoscopỵ  can be m anaged w ith  earlier hos- 
pital d ischarge assum ing there is no sign iíican t 
com orbid ity .
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Upper Gastrointestinal Endoscopy
J. B a r r y  0 ’C o n n o r

Duke Univcrsity xtcdical Caitcr

achalasia Motility disorder oí the esophagus in vvhich (1) the 
lower esophageal sphincter does not adequatelv open 
during swallowing and (2) the contraclions in the 
esophagus are noi cọordínated. 

angularis Sharp angulation in the lcsser curvature of the 
normal J-shaped stomach. 

antrum Dista! or lovver portion of the stomach. 
benzodiazepines class ol medicaiions wilh sedaling and 

amnestic effects. 
biopsy Small tissue sample laken (luring endoscopy. 
botulinum toxin (Botox) Neurotoxin used lo relax muscle 

tissue.
bougie Flexible clevice used 10 dilatc or sireich a narrowed 

segmenl of intestine. 
cardìa Upper parl of the stomach just below ihe esophagus. 
cautery Procedure thai delivers lieat to bodv lissue to 

destroy it.
conscious sedation Sedation to Ihe point of diminished 

consciousness but not unconsc'iousness. 
duodenum Portion of the small intesiine just beyond Ihe 

stomach.
dysphagia Difficưlty swallowing (foođ becomes stuck or held 

up in the chest during swallo\ving). 
endoscope Tubular ílexible insirument used to look into the 

intestine.
epigastric Lccation in the Central upper abdomen. 
íìbrosis Thickening and hardening of the tissues from 

chronic irritation or injury. 
íluoroscopy Real-time X-ray machinr used ín the setting of 

eruloscopy to monitor the position of iherapeutic devices 
such as balloon or bougies. 

fundus Proximal portion of llic stom.ich. 
guide-vvire Long ílexible wire uscd during endoscopy to 

guidc instruments into correct position. 
hcmostasis Control of bleeding. 
hypotension Abnormally lovv blood pressure. 
lowcr esophageal sphincter Mnscular valve at ihe lovver entl 

oi the esophagus, at the junction \viih the stomach. 
M allory—VVeiss tear Traumatic tear ọí the lining of the lower 

esophagus or upper stơmach. olien caused by vomiúng. 
mucosa Surface ìining of ihe imesiUK- 
odynophagia Painlủl sensation durinư s\vallowing. 
palliation Reliet ơf symptoms vvithout curaùve intent. 
pylorus Opening that leads from ihe slomach to the 

duodenum.
retroílexing Positioning of the tip of ihe cndoscope so thai it 

is turned around 18 0 c to provide a backvvard vievv.

savary dilator Flexible polyvinyl dilator wiih a Centra l guide- 
wire lumen. Used to dilalt' esophageal sưktures 

sclerosant Agent (usually liquid) thai, when inịecled. causes 
thickenirig and íibrosis in tissue. Used in upper 
gasưointestinal endoscopy to control blecding from a 
vessel.

squamous Normal mullilayered mucosa (seen in the 
esophagus).

stent Hollow tubular devỉce deployed in a stenoseđ area of 
bowel in order 10 widen the lumen diameier. 

stricture/stcnosis Namnved portion of the intcstine 
upper esophageal sphincter Muscular valve at the upper end 

ol the esophagus. 
vasoconstriction Narrowing of a blood vessel (usually a 

bleeding vessel).

Upper gasirointestinal endoscopy (EGD) is ihe Science of 
direct exam ination I)f the esophagus, stomach, and duo- 
denum , using an endoscope, a ílexible tube containing a 
light source and high-resolution optics. W hen connccted 
to a m onitor, an cndoscope displays real-timc images of 
the inner lining of the upper GI tract. Uppcr GI endoscopy 
may be diagnostic or therapcutic. In diagnostic endo- 
scopy, the bowel linìng is visualized bu t no treatm ent 
is underiaken . In therapeutic endoscopy, inslrum ents 
are passed through the scope to destroy or remove tissue 
or deliver therapy to discased tissue.

TYPES OF UPPER 
GASTROINTESTINAL ENDOSCOPES

Most m odern  upper gastro in tesúnal (GI) endoscopes 
are ílexihle, allow ing passage th rough  the norm al 
tn rn s in the hum an  GI tract. U pper GI endoscopes 
are classiRed by external d iam eter and bv the nu raher 
and size of the w ork ing  channels. Larger w orking chan- 
nels allovv passage of larger in strum en ts used LO trcat 
b leeding and  rem ove tissuc. A detailed descrip tion  of 
the com ponen ts ol endoscopes is bevond the scope of 
th is article . Brielly, endoscopes are long ilexible tuhes 
w ith a light source, lens, and displiiy m onitor. The han- 
dle o f the scope has bu tions that enable air and w ater 
in sú lla tion  and dial Controls thai d irect the tip  of 
the scope th rough  the bovvel. There are one or m ore



channels thai run  the leng th  of the scope. T hese are uscd 
to aspirate íluid from  the bovvel, to push fluicỉ th rough  
the scopc lo wash the  m ucosal suríace, and  to pass 
therapeu tic  in s tru m e n ts  th rough .

PĨ:RFORMING UPPER  
GASTROINTESTINAL ENDOSCOPY

P reparation  for E n d o s c o p y

P atíen is m u s t be Tasting from  the p rev ious n igh t 10 
ensure that ihe u p p e r  in testine is em ptv. A physical 
exam ination  is p e rỉo rm ed  to ensu re  pa tien t suitability  
l'or sedation  and  cndoscopy . In lorm ed consent is 
obiained.

S ed ation  for U p p er  E n d o sc o p y

ỉn  the U nited  S tates, m ost pa lien ts  are sedated  for 
gah tro im estinal en d o sco p y  procedures. C onscious se- 
daiion  is usuallv  ach ieved  using  benzod iazep ines 
(e.iỊ-, m idazolam , d iazepam ) an d  n arco ú c  analgesics 
(e.g., fentanyl, m ep erid in e ) given in iravenously , the 
dose being titra ted  to the desired  level of sedaúon . Sc- 
dalion  is beg u n  irnm ediate ly  before the enđoscopic ex- 
am ination  and  ad d itio n a l doses of sedalive m edications 
m ay be given d u rin g  the  p rocedurc  as needed . Patient 
safi-ty isa n  im portan i p a ri of sa tisíaciory  p erĩo rm ance of 
uppei GI cnđoscopy . D uring  and  after the procedure , 
the p a tiem ’s pulse, b lo o d  p ressu re, e lec trocard iogram  
(EKG), and  oxygen sa tu ra tio n  are m on ito red  con tinu- 
ously. A íter the p ro ce đ u re , the sedation  effect gradually  
w ears off such  th a t m ost patien ts may be safely dis- 
charged from  the en d o sco p y  u n it w ith in  L h after 
com pletion  of the ir endoscopy .

U pper GI en đoscopy  m ay be perform ed w ith o u t se- 
dation , as is treq u em ly  the case in E urope. How ever, 
because of the rela tively  large d iam cter of the Standard 
diagnostic u p p e r endoscope , unsedated  u p p e r endo- 
scopy may be so m ew h at uncom ío rtab le  and will not be 
lo lerated  by all patien ts . Recently, an u ltra th in  upper 
endoscope w as in tro d u c ed  in the U nited  States. It may 
be used to exam ine the u p p er GI tract w ith o u t sedation. 
This scope m ay be in tro d u c ed  in to  the u p p er GI tract 
e ither vía the m ou th  o r  m ore com m only  via the  nose. In 
m ost cases, the tran sn asa l rou te  is p referred  because 
d u ring  transo ra l passage, p ressu re  from  the scope on 
base of the tongue in d u c es  a gag reílex, m ak ing  the 
p rocedure uncơ m fortab le . A nxious pa tien ts  are less 
like-ly to to le rate  an  u n sed ated  p rocedure . How ever, 
in p ro p erly  sd e c te d  p a tien ts  the u p p er endoscopy  can 
be com pleted  safely an d  com fortably  w ith  an u h ra th in  
scope using th is tech n iq u e . In rare occurrences, it is not

possib le to adequatelv  sedate a patien t u sin g  Stan
dard  conscious sedation  agents. In  tha t case, gen- 
eral anesthesia can be adm in istered  by ap p ro p ria te  
personnel.

R isk s o f  U p p er  G a str o in te s t in a l E n d o s c o p y

U pper endoscopy is generally  considered  a safe pro- 
cedure . C om plications are very u n com m on . The 
com m onest serious risk of endoscopy  rela tes n o t to 
the  endoscopv  p ro ced u re  itself bu t ra th e r to the con- 
sc ious sedation  adm in iste red  for it. The m ost com m on  
u n w an ted  side effects of sedation  are resp ira to ry  
depression  and  hypo tension . Side eííects are m o re  likely 
to occur in the elderly  and  in pa tien ts  w ith  coex isting  
m edical problem s. H ow ever, w úh ịud ic ious do sin g  of 
sedatives and  co n tin u o u s  careíụ l m on ito rin g  o f pu lse 
b lood  p ressu re, EKG, and  oxygen sa tu ra lio n  d u rin g  the 
p rocedu re , up p er endoscopy  can be p e río rm ed  safcly 
in m ost patients. O th er risks o f endoscopy  are very 
u n com m on  and  relate to in ju ry  from  the scope itseir, 
inc lud ing  p erío ra lìo n  o f the bow el an d  b leeding. Bleed- 
íng  is usually  m inor and  con iro llab le  by endoscop ic  
techn iques such  as cau tery  and in jection  of vasocon- 
s tr ic tin g  agents. P rank  bowcl perỉo ration , though  
very uncom m on , u sua lly  requires im m ediate surg ical 
in te rven tion .

D epending  on  the in ten t of the p rocedu re , u p p er GI 
endoscopy  can be categorized  as d iagnostìc  or th e rap eu - 
tic. In d iagnostic  endoscopy , the aim  is to v isualize the 
bow el and if necessary  take sm all m ucosal tissue sam - 
p les (biopsies). In th e rap eu tic  endoscopy , active in te r- 
ven tions, such as d ila ting  a n arrow ed  segm ent, p lacing 
a  sten i, o r co n iro lling  b leeding, are conducted .

I n d ic a t io n s  for U p p er  
G a str o in te s t in a l E n d o sc o p y

A com plete d esc rip ú o n  o f the m edical aspec ts of all 
d iseases evaluated  and  trea ted  by u p p er GI endoscopy  is 
beyond  the scope of ih is article. Broadly, the ind ica tions 
for EGD are to d iagnose and  trea t esophageal, gastric, 
an d  duodenal diseases. E sophageal diseases in c lu d e  gas- 
troesophageal reílux  disease, achalasia, and  eva lua tion  
for p o ten tia l in ju ry  o f the esophagus from  m ed ica tions 
o r toxins. P rem alignant cond itions of the esophagus, 
su ch  as B arre tt’s esophagus, m ay be m o n ito red  endo- 
scopically  at intervals. E pigastric pain  is am ong  the 
com m o n est ind ications for d iagnostic  u p p e r endo- 
scopy. Disease p rocesses in the stom ach  tha t may 
cause epigastric  pain inc lude gastric u lcers and  gasư ic 
cancer. P ersisten t vom iùng  and voraiting  of b lo o d  also 
requ ire  evaluation  by EGD. Sim ilarly, u lcers are am ong



the com m onest patho logies found  in the  duo d en u m  
d u ring  up p er endoscopy.

The Technique of Diagnostic Upper 
Gastrointestinal Endoscopy

The anatom ic areas v isualized by u p p e r GI endo- 
scopy include the esophagus, the  stom ach , and  the 
p roxim al p art of the d u o d en u m  (Fig. 1). T ransien t 
views ob ta ined  d u rin g  passage o f the scope th rough  
the m o u th  and pharynx  (o r nose and  nasopharynx  in 
the case of transnasal endoscopy) sh o u ld  no t be consid- 
ered a su b stitu te  for a th o ro u g h  evaluation  by an 
o torh ino laryngologist.

Patient Position

The patien t is p laced lying on h is  o r her left side. The 
nurse stands near the head of the bed, m on ito rin g  the 
pa tien t and  suc tion ing  excess íluid from  the  m outh . The 
endoscopist s tands a t the side of the bed facing the pa- 
tient. A plastic bìte b lock  is p laced bctvveen the p a tien t’s 
up p er and  low er teeth  to p ro tec t the  teeth  and  preven t 
the p a tien t from  b iting  the scope.

The p aú en t is usually  sedaied  before the scope is 
in troduced . The scope is in tro d u ced  in to  the up p er 
esophagus Via the oral or nasal rou te . The oral rou te 
is the m ost com m on. In  the case of transoral up p er 
endoscopy, the scope passes th ro u g h  the biie block 
and betw een  the tongue and the  palate. O nce the 
scope reaches th e b a c k  of the tongue , the tip  is angulated  
approxim ately  90° so that it d ips dow n in to  the pharynx . 
U sing gentle p ressu re, the scope is advanced  close to the 
poste rio r wall of the pharynx , u n til the u p p er esopha- 
geal sp h in c te r (UES) is reached. A t th is tim e, the tip of 
ihe scope is opposed  to the m ucosa, lim iting  v isualiza- 
tion. G entle pressu re  is app lied  to  the scope, p ressing  it 
against the UES. This p ressu re  is se n se d  by the pa tien t as 
an urge to swallow. O nce the p a tien t sw allow s, the ƯES 
opens, allow ing passage of ihe scope in to  the u p p er 
esophagus. Patience is requ ired  d u rin g  passage th rough  
the UES. If too m u ch  p ressu re  is app lied , p e río ra tio n  is 
risked. In som e cases, the sedated  patien t is slow  10 
swallow . T echn iques to encourage passage of the 
scope th rough  the up p er esophageal sp h in c te r inc lude 
ílexing the p a tien t’s neck  gently  forw ard  and verbally  
encourag ing  the p a tien t to sw allow . W ith  patience, the 
scope can be passed in  alm ost every case. O ccasionally , a 
large-d iam eter scope will no t pass th rough  this area. In 
that case, a sm aller-d iam eter scope w ill usually  traverse 
w ith o u t problem . O nce the scope is in the esophagus, it 
is gently  pushed  forw ard u n d e r  d irec t v isualization . Ex- 
am ination  of the u p p er in testinal lin ing is perfo rm ed

F1GURE 1 R e p r e s e n ta t io n  o f  u p p e r  G I tracl.

d uring  scope in sertion  o r w ilhdraw al, or both, a: the 
d iscre tion  o f the endoscopist.

Examination of the Esophagus

The m ucosa  (lining) of the esophagus is ex an in ed  
by d irec t v isualization . The m ucosa is sm ooth and nas a 
gray co lo r (Fig. 2). The scope is gently pushed sb w ly  
dow n the  esophagus. C on tractions of the esophagus 
m ay o ccu r d u rin g  exam ination , causing apposition of 
the w alls and  lim ited v isualization. In that case, the 
en d o sco p ist sim ply w aits for the contraction  to pass 
before resu m in g  the exam ination . Air is instilled in to  
the lum en  o f ihe esophagus to expand  it, thus keepm g it 
open to  im prove visualization. The location of

FIGURE 2 Endoscopic photograph of ihe normal esofhat;us.



anatom ical landm arks w ith in  the u p p e r  in testine  varies 
vvith patien t size, p a rú cu la rly  his o r h er height. In the 
average adult m ale, ibe upper esophageal sp h in c te r  is 
located 20 cm írom  ihe inc iso r teeth . T he esophagus is 
approxim ately  20 cm  long so the low er esophageal 
sp h in c te r (LES) is located app rox im ate ly  40 cm  from  
thc incisors. The m uscu lar LES is n o t d irec ily  visible 
endoscopically . because of its location  beneath  the m u- 
cosa. The endoscop ist w ill know  she has reached  the 
ịun c tio n  of the esophagus an d  the stom ach  w hen  the 
esophageal lum en narrow s and  the lin ing  changes ap- 
pearance. The esophagus is lined  w ith  squam ous m u- 
cosa, w hich has a grayish appearance. The s tom ach  is 
lined by co lum nar m ucosa, w h ích  has a sa lm on-co lo red  
appearance. The ju n c tio n  betw een the norm al esopha- 
geal m ucosa and the gastric m ucosa is kn o w n  as the 
squam oco lum nar ju n c tio n . In norm al ind iv iduals , the 
squam oco lum nar ju n c tio n  is located  near the LES. 
T bere are Lwo o th e r im p o rtan t ana tom ica l landm arks 
in  th is  area. The íĩrst is the tru e  gastroesophageal ju n c- 
úon . T his ju n c tio n  is d e ierm in ed  by locaiing  the prox- 
im al end of the no rm al gastric folds. In m ost p a tien ts , it 
is located  in the sam e place as the squam o co lu m n ar 
ịunc tion . N orm ally the esophagus passes th ro u g h  a hi- 
a tu s  in  the d iaphragm . At th is  p o in t, the d iaphragm  
ab u ts  the gastroesophageal ju n c tio n . In som e cases, 
ihe abu tm en t creates an im pression  on the bow el 
lum en  that is visible endoscopically  from  inside. In 
p a tien ts  with a h ia tal hern ia , this in d e n ta tio n  is oíten  
seen  in  thc proxim al stom ach.

Examination of the Stomach

O nce the scope passes th rough  the gastroesophageal 
(G E) ju n c tio n , it en ters ihe stom ach . T he stom ach  is 
đ iv ided into several parts. The m ost p rox im al part 
located  ju s t below  the GE ju n c tio n  is the cardia. This 
is best visualized by  tu rn in g  the tip  o f the scope 180°, in 
a m aneuver knovvn as retroflex ing  (Fig. 3). T he body  of 
ih e s to m a ch  h asa  w ide lum en. G astric  fo ld sex ten d  from  
ihe cardia dow n th rough  the body  and  becom t' less 
p ro m in en t or d isappear as the low er s to m ach  (an tru m ) 
is en tered . The stom ach  is usually  J-shaped . T his shape 
has tw o im plications for u p p er endoscopy . F irs t, the 
shape causes acu te angu lation  o f the stom ach  on the 
lesser curvature , a t a p o in t kn o w n  as the angularis. 
T his location m ust be exam ined  careíu lly  as th is is a 
“b lin d  spo i” and fm dings here m ay be m issed on cursory  
exam ination . Second, as the scope is advanced  th ro u g h  
the stom ach, ìts J-sh ap e  causes the scope to becom e 
bovved against the  greater cu rva tu re  o f the stom ach , 
th u s  s tre tch ing  the  stom ach. Excessive s tre tch in g  at 
th is p o in t may cause the p a tien t d iscom ío rt, som etim es 
lo the  po in t of in d u c in g  u n desirab le  re tc h in g  or

FIGURE 3 Endoscopic phoiograph of a retroílexed view oí a 
norraal stomach.

vom iting . To avoiđ this p rob lem , the scope shou ld  be 
advanced  slow ly. T he gastric an tru m  is recognized by its 
sm oo th , flat m ucosa. In the distal p o rú o n  of the an trum , 
there is a n  open ing  tha t leads in to  the d u odenum . T h is is  
the py lorus. To pass the scope beyond ihe stom ach  into 
the d u o d en u m , it is  advanceđ  gently  u n ú l the scope tip  is 
o pposed  to the py loric  opening . G entle p ressu re is 
m ain ta ined , w hile the scope tip  is m aneuvered  to 
keep  i t in line w ith  the py lorus. The scope tip  then  passes 
in to  the  d u odenum .

Examination of the Duodenum

T he fưst p a r t of the d u o d en u m  (bu lb ) is recognized 
by its lo c aù o n  im m ediate ly  beyonđ  the py lo rus and  by 
its fLat, sm o o th  lining. T he ịunc tion  betw een the bu lb  
an d  the second  po rtio n  of d u o d en u m  is angu lated , re- 
q u irin g  m an eu v e rin g  of the scope to advance further. In 
m ost cases, the second  po rtion  o f the d u o d en u ra  is 
reached  by advancing  the scope to the end of the 
b u lb , to rq u in g  (tw isting) the scope clockw ise, and de- 
ílecting  the tip  of the scope upvvard. T his m aneuver 
creates a 90° tu rn  clockw ise and  the second po rtion  
of the d u o d en u m  is entered . T here is a partially  b lind  
area of m ucosa here. The second  p o rtio n  of the duode- 
num  has p ro m in e n t folds th a t ex tend  m ost o r all o f the 
way a ro u n d  the lu m en  (Fig. 4). The scope is advanced 
ĩu rth e r  in to  the descend ing  p o rtio n  of the duodenum . 
T he scope m ay be fu rth e r advanced  to a variable extern. 
This ex ten t varies acco rd ing  to how  m uch  of the scope is



FIG U RE 4 Endoscopic photograph of a normal descending 
duodenum.

looped or bow ed in ihe stom ach. In cases w here ihere is 
m uch looping in  the stom ach, there may be insufficient 
scope length  avaìlable to advance beyond the descencl- 
ing po rtion  of the duodenum . Rem oving the gastric loop 
may hclp. This m aneuver is knovvn is "reducing .” Ít is 
achieved by slow ly pu lling  the  scope ou t in  sm all incre- 
m ents. As th is is done, the excess scope tha t w as 
previously bow ed in the stom ach  m oves away from 
ihe greater curvature and  becom es available and  effec- 
tively lengthens the available scope, causing the scope 
tip to advance despite the lact tha t the endoscop ist is 
w ithdraw ing  the scope. T his forw ard m otion  of the 
scope tip during  w ithdraw al of the scope is know n as 
paradoxical m otion.

In m ost cases, detailed  exam ination  of the u pper 
in testine is perto rm ed  du rin g  w ithdraw al of the 
scope. W ithdraw al from the d u odenum  m ust be done 
slowly, because the gastric loop  w ill becom e reduced in 
size, causing the scope tip to rapidlv  pu ll back in to  the 
stom ach. C om plete v isuaIization of the stom ach  re- 
quires adequate đ istension  so that the gastric walls sep- 
arate and the spaces betw een  the gastrìc folds may be 
seen. Some portions of the stom ach , especially the prox- 
imal parts, are best seen w hen  the scope is in the 
retro ílexed pọsiúon . Air is rem oved by suc tion  during  
vvithdra\val of the scope. U pon  com pletion  of ihc pro- 
cedure, ihere will be som e air in the in testine, The pa- 
tient is encouraged to belch and to pass gas per the 
rectum  to expel this air.

D uring  d iagnosúc u p p er endoscopy , the enck- 
scopist m ay vvish to ob ia in  a b iopsy  (sm all sam ple of 
the bow el l in in g )  of th e  m ucosa. In that. case, a flexib;e 
w ire w ith  a sm all forceps at its ú p  is advanced through 
the w ork ing  (biopsy) channel o f the scope. W hen the 
end of the forceps is seen Corning o u t of the scope tip, ứ.e 
forceps are d ìrected  to the desired  p a rt of' the m ucosa v.a 
a com bination  of advancìng the forceps w ith in  the scope 
channel and  deílecting  the tip of the scope. O nce the 
ío rceps are near the correct p a rt o f the m ucosa, the jav.rs 
of the forceps are opened  by the endoscopv  assislant, by 
activating  a lever in the handle. T he open  jaw s of the 
ío rceps are advanced in to  the m ucosa, pressing  against it 
slightly  so that a po rtion  of m ucosa lies belw een the 
jaws. The jaw s of the ỉorceps are then  closed by the 
assistan t, under in stru c tio n s from  ihe cndoscopiit. 
This traps a sm all part of the m ucosa in the íorceps. 
The tip  of the ío rceps is quick ly  p u lled  back in to  the 
channel, thus rem oving  a sm all p o rtion  o f inucosa. The 
forceps are com pletely  w ithclraw n from  the biopsy 
channel and the tissue is retrieved  from  the jaw s and 
sen t for analvsis.

Recovery after Endoscopy

After the scope is w ithclraw n, the pa tien t is sen i to
the recovery area and  the pat ie n ts  pu lse , b lood pressure, 
EKG, and  oxygen sa tu ra tion  values are m on ito red  íor 
approx im ate ly  4 5 —60 min. By thai tim e, most o f the 
sedation  effect will have w orn  off and the patien t vvill 
be ready for d ischarge from  the enđoscopy  unit. Dis- 
charge in struc tions are given and follow -up arrange- 
m en ts are m ade.

The Technique of Therapeutic 
Upper Endoscopy

In  the rapeu tic  u p p er endoscopy, the endoscopist 
aim s to change lissue s tru c tu re  or ana tom y by applv- 
ing  one o r m ore in ierven tions d u rin g  the EGD. C hoice 
o f endoscope type is im p o rtan t w hen endoscopic ther- 
apy  is p lanned . lf an in s tru m en t channel is going to be 
in  use for m uch  of the th e rap eu tic  p ro ced u re , then  ihe 
endoscop ist w ill choose a scope w ith  two vvorkin^ 
channels. O ne is used for the th e rap eu tic  Instrum ents 
and  the o ther is available for su c tio n in g  fluid and /o r 
b lood  from  the in testinal lum en  or is used to dush 
vvater to w ash the m ucosa ior be tte r visibility, N ew er 
endoscopes are available w ith very large suc tion  chan- 
nels. This allovvs suc tion ing  o f large p ieces of solid  or 
sem isolid  m ateriaì from  the m ucosa (b lood/food) to 
b e tte r  visualize the m ucosa. In the rapeu tic  u p p er én* 
doscopy, the scope is advanced in io  the up p cr GI tract



in a m anner sim ilar 10 that used in the diagnostic' 
p rocedurc.

C o m m o n  C o n d i t io n s  R e q u ir in g  T h e r a p e u t ic  
u p p e r  E n d o s c o p y

E so p h a g ea l Sten osis  (S trìctu re)

Esophagcal stenoses m ay be ben ign  or m alignant. 
D ifferent cndoscop ic techn iques are  used to d ila te these 
two types of stenoses.

Benign s tr ic tu re s  Benign esophageal stenoses 
arc m ost often caused  by fibrosis of the tissues in the 
low er esophagus as a result of ch ro n ic  reílux  of acid. 
Less com m on causes inc lude  postopera tive , caustic 
(h e )  injury , and  pill esophagitis (m ed ica tion -induced  
in iury  to the csophagus). These stenoses cause difficulty 
sw allow ing foods (m ainly  solid  íoods). Endoscopy dem - 
onslra tes a narrovving of the esophagus, w hich  in ad- 
vaticcd cases m ay n o t allow  passage o f the endoscope 
bevond  the stric tu re . T here are two p rincipal endo- 
sc i'p ic  techn iques for d ila ting  benign stric tu res: 
bougienage and balloon  d ilaúon .

Bougienage is d ila tion  or s tre tch in g  of the s tric tu re  
using a long tlexible device lapered  at one end. To per- 
foi rn bougienage, the endoscope is rem oved and dexìble 
d ila to rs  (bougies, F rench  for candles) are gu ided  into 
ihc esophageal stric tu re . T his m av be done b lind ly  w ith- 
oui a gu id ing  svstem  or by using  a guide-vvire and  íluo- 
ro sro p ic  m oniioring . In the gu ide-w ire techn ique , thc 
scope is advanced  to the distal stom ach. A Hexible m etal 
guide-wÚT is p laced  ih rough  the w ork ing  channel of the 
scope. The scope is w ith d raw n  w hile  the w ire is 
m aintaineil in place. At th is p o in t, the distal end of 
thc w ire is in the low er stom ach  and  the p roxim al 
erul is ouiside the p a tien i’s m o u th . The bougie has a 
cen lra l chnnnel so tha t it is fed over the w ire an d  m an- 
ually m anruvered  in to  posilion . The p o sitio n  is m oni- 
lo red  using X rays (A uoroscopy). The endoscop ist vvill 
begin d ilaúon  using  a sm all-d iam eter d ila to r, in serting  
and  rem oving  successively la rger-đ iam eter d ila to rs 
th ro u g h  the s ir ic tu re  un til the req u ired  am o u n t of 
s trc tch in g  is achieved. D ilation  sh o u ld  be sto p p ed  if 
the patien t experiences u n d u e  cliscom íort or if excessive 
resistance is Telt du rin g  passage o f ihe bougie.

Balloon d ila tion  is perĩo rm ed  w ú h  the scope tip  in  
the esophagns. In balloon d ila tion , a long ca the ter is 
passed th rough  the th e rap eu tic  channel of the scope. 
The distaỉ end  of the ca the ter has  a deílated , sausage- 
sh ap ed  balloon  on it. w h ile  the scope is kep t in the 
esophagus. the balloon is slovvly in ílated  u n d e r d irec t 
v isualizaiion  in the region of the s tric tu re , d ila ting  it. To 
achieve the dcsired  d iam eter o fd ila tio n , thẹ endoscop ist 
may use successivelv larger balloons. V ariab le-d iam eter

balloons are available. In th is case, ihe d iam eter o f di- 
la tion  is d eterm ined  by h o w m u ch  air p ressu re is used to 
in íìate th eb a llo o n . P o rh e n ig n  eso p h ag eals tric tu res , the 
resu lts  from d ila tion  using  the balloons an d  bougies are 
app rox im ate ly  equal. The balloons have the theoretical 
advantage of m axim izing  the  d ila tíng  forces and m ini- 
m izing  the shearing  íorces applied  to the esophagus. 
H ow ever, bougies are reusable and m ay thereíore 
have som e cost advantages.

M alignant esophageal s tr ic tu re s  M alignant 
s tr ic tu res  of the esopbagus are m ost o lten  caused bv 
cancer of the lin ing of the esophagus itse lí or o í the 
gastroesophageal ju n c tio n . The patien t usually  presen ts 
w ith  P rogressive difficulty  sw allow ing and  w eìghl loss, 
W hen  the endoscop ic  appearance suggests cancer, the 
d iagnosis is co n íin n ed  w ith  biopsies. W hen  endoscopic 
pallia tion  is deem ed app ro p ria le , the aim  is lo w iden the 
esophageal lum en to allow  as near norm al sw allow ing as 
possible. E ndoscopic treatm ent may inc lude Standard 
d ila tion  w iih bougíes or balloons as described  above for 
ben ign  stric tu res. H ow ever, m alignan t stric tu res 
restenose quickly , davs or w eeks after S tandard dilalion . 
To p reven i restenosis, a s ten t may be p laced  a t the site of 
s trlc tu re . The m ost com m only  used sten t is the perm a- 
nen t se lĩ-expand ing  m etal sten t. To place this sten t, the 
p rox im al an d  distal m arg ins of ihe tum or are deter- 
m ined  by endoscop ic exam inaũon . A ílexible catheter, 
ovcr w hich a Aexible sten t is tightly  w ound , is in tro- 
d u ce d  th ro u g h  the w ork ing  channel of the scope to the 
narrow ed  area. U nder d irec t endoscop ic Vision and 
X-ray guidance, the preloaded  sten t is opened. W hen 
it opens, it self-expands to vviden ihe d iam eter of the 
esophagus a t that po in t. M etal sten ts are considered  
p erm a n en t an d  once in serteđ  are diKìcult or im possible 
to rem ove. In  the event of rec u rre n t narrow ing , how- 
ever, add itiona l s ten ts  may be placed  inside or adịacent 
to the orig inal stent.

A chalasia  To facilitate normal sw allow ing, the 
co n trac tio n s in the body of the esophagus m ust be co- 
o rd in a ted  an d  ihe LES m ust open  (re lax) to allow  the 
bo lus of food lo en ter the stom ach. Achalasia is a con- 
d ition  in w hich  the LES valve does no t re lax  adequately  
and  ihe m uscles of the m ain p art of the esophagus do not 
co n trac t in a co o rd in a ted  íashion. The resu lt is Progres
sive problems sw allow ìng both solid and liquid foods. 
Since the lack  of peristalsis in  the body of the esophagus 
can n o t be reversed, the p rincipal aim  of therapy  is to 
d ilate the low er esophageal sph inc ter. This can be 
ach ieved  endoscopically  using  two differen t techniques. 
The fưst is an  irýection  of the n eu ro tox ìn  Botox. The 
endoscop ist perío rm s a S tandard u p p er endoscopy. 
T hen , using a needle on the úp  of a catheter, 25 units 
of Botox is irýected  in to  each of the four q u ad ran ts  at the



LES. T h is n eu ro to x in  causes relaxation  of the LES suf- 
f ic ien t to h e lp  sw allow ing. The principal lim ita tion  of 
th is  trea tm e n t is th a t it  lasts onlv approxim ately  9 
m o n th s , th u s req u irin g  repeated  treatm ents. D espite 
th is  lim ita tio n , it has a role in the m anagem ent of 
o lde r p a tien ts  w ho have significant co-m orbid  disease 
an d  w ho m igh t do  po o rly  w ith  risk ier treatm ents.

T he o th e r  endoscop ic  trea tm en t for achalasia aim s 
to ru p tu re  som e of the m uscle íìbers in the LES, thus 
d ila ting  it an d  thereby  im prov ing  swallowing. This tech- 
n ique  is ca lled  p n eu m atic  balloon  dilation. To begin, the 
ư p p e r GI trac t is evaluated  w ith  a scope in  the usual 
m an n er. A ílexible w ire is inserted  via the scope as de- 
sc ribed  in  the th e rap eu tic  endoscopy  section above. The 
scope is th en  w ith d raw n  w hile  the w ire rem ains in place. 
A ílexible ca th e te r is p laced  over the w ire u n d er X-ray 
gu idance . A ba lloon  located  near the distal end  of the 
c a th e te r  is in ílated  and  expands, stre tch ing  and rư p tu r- 
ing  the m uscle íìbers of the LES. The p lacem ent and  
in flaúon  of the ba lloon  are m onito red  u n d e r íluoro- 
scop ic gu idance . T he pressu re  in the balloon is m oni- 
to red  an d  co n tro lled . T h is lype oí balloon d ila tion  
differs írom  d ila tio n  of benign peptic stric tu res in 
th a t the d iam eter of the d ila ting  balloons is m uch  larger 
(betw een  3 and  4 cm ) and  there lo re  the risk  ot períora- 
tion  is h igher.

F o re ign  body  rem oval A ccidentally or pu rposely  
ingested  ío reign  bod ies m ay b c rem oved from the u p p er 
GI tract wiih the aid of endoscopy. Alíhough small for- 
eign bod ies m ay pass th ro u g h  thi' GI tract w ith o u t com - 
p lica tion , larger ones tha t m ighl becom e lodged in the 
sm all in te s tin e  are bes t rem oveđ endoscopically . To re- 
m ove ĩo re ign  bodies, u p p er endoscopy is perío rm ed  in 
the u sua l m anner. O nce the íoreign obịect is located, it is 
secu red  w ith  a variety  of d iffercnt in strum en ts, w hich  
are passed  th ro u g h  the w ork ing  channel of the scope. 
T he In stru m en ts  u sed  to rem ove the íoreign object in- 
c lude sn are , íorceps, ne t, and  basket.

C ontrol o f upper gastrointestinal b leeding Th- 
ere are several causes of b leed ing  in the upper GI 
tract. T he m ost com raon  is acute b ìeed ing  from  ulcers 
in  the s to m ac h  o r d u o d en u m , M allory-W eiss tears. and  
in  p a tien ts  w ith  liver d isease, varices (svvollen veins) in

th e  e s o p h a g u s  o r  p r o x im a l  s to m a c h . T o  con ',ro l UDper 

GI b leeding from  ulcers, several endoscopx trea tnen ts 
may be applied . F irs ty the site of bleeding is lccated and  
the area is w ashed  to enhance visual:za;ion. T hĩn  a 
variety of liqu id s m ay be injected near the b leeiing  
vessel to achieve hem ostasis. The agents include epi- 
neph rine , w h ich  Controls bleeding by i:s vasoconítric- 
ting  effect, and  a lcoho l, w hich com presses the bleeding 
vessel and  also scleroses the surrounding tissues. >cle- 
rosing agents su ch  as tetradecyl are m cst oíten ustd  to 
in ject b leed ing  esophageal varic.es. One of the n o s t 
com m on ap p ro ach es to up p er GI ulcer bleeding IS to 
first in ject the area  of the vessel with epincphrine. This 
slow s or stops the  b leeding tem porarily and allowí bet- 
ter v isualization . Then heat (cautery) therapy ií ap- 
plied. M ost com m only , a cautery probe is p a c e d  
th ro u g h  the w o rk ing  channel and ou: the úp  o the 
scope. The ú p  o f the probe has a bipolar coaguhtion 
device that com presses and delivers heat tc the b le td ing  
vessel. The p ro b e  is guicled in to  position ur.der cirect 
v isualization  an d  is pressed firmlv againsi the b le td ing  
arterio le  to o p p o se  its walls. T hen  ihe probe Ì5 ac tb a ted  
by a foot pedal, delivering  hea t energy ÍO C02gulaie the 
vessel. The com bination  oí injection with epinep.irine 
and cautery  is very successíul in contĩolling b leeiing . 
O ther hen iosta tic  con tro l techniques include p lao n g  a 
clip on  the b leed in g  vessel or, in the C£se oí a bleeding 
esophageal varix , placing a rubber hand 10 ccntrol 
bleeđing.

See Also the Following Articles

Achalasia Endoscopic ultrasonograpby • Endo^copy, 
Complications of • Esophageal Strictures • Foreign lodies
• Gastroesophageal Reflux Disease (GERD) • Occult 
Gastrointestinal Bleeding • lipper Gastrointestinal 
Bleeding
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affereit fibers Nerve components that conduct sensory 
iríormadon from the periphery to the Central nervous 
svstem. In th.s context, “sensory" does not necessarilv 
inply sensition. 

dorsa motor vagal nucleus Brain stem nucleus where the 
Vígal Ịire^ar.glionic parasympatheiic neuronal cell 
bcdies ?.re locaied. 

effereit íìbers Nerve components that conduct iníormation 
fr>m the brair. to the periphery. In the vagns nerve, these 
an precomimntly preganglionic parasympathetic nerve 
íìbers. ĩhese íìbers project to the viscera and make 
sviapúc connectipns with postganglionic neurones 
w thin ihe organs they innervate, which in turn regulale 
rmtilily secredon, and blood flow. For this reason, the 
eíerént supplv is also reíerred to as m otor inncrvation. 

nodos.% petrosal. and jugular ganglia Sensory ganglia; 
ccntain the cell bodies of aíícrent neurones that 
imervaie :he Lhoracic and abdominal viscera. These 
nturoncs projeci centrally to make synaptic connections 
in the rucleus of ihe tractus solitarius and peripheraỉly 
to terminaie in the viscera. 

nucleis ambiguous Origin of motor neuroncs supplying the 
sriated pharyngcal and esophageal muscles. 

nucleis oí the tractus solilaríus Brain stem nucleus 
re:eiving va-gal sensorv input; Lhe neurones prọịecl to 
thí dorsal motor vagal nucleus to complete ihe brain 
stcm circuit íor vago-vagal reílexes and disseminate 
seisory intarmation to higher brain regions.

The Vigus lerve is the Xth cranial nerve connecting  the 
b rain  to the periphery, including the gastro in testinal 
tract. It innervates structures from the esophagus to 
ihc Cỡlon and accessory organs such as th e  pancreas 
and lver. The vagal branches supply ing  these  various 
target orgar.s contain n en  e íìbers that are p redom inantly  
unm ydinated. conducting action po ten tia ls  at around
l m/scc. Classicaily, the vagus is reíerred  to  as a parasym- 
p a th e ic  nerve, but this relates only to its  efferent func- 
tions. Howcver, it is also an afferent nerve and  conveys a 
vast anour.t of sensory in íbrm ation from  thoracic and 
abdoninal viscera, which serves as a basis for reílexes 
ihat o n tro .  and coordinate gut íunction.

INTRODUCTION

Galeiì (1 2 9 -1 9 9  ad), who stu d ied  d issec ted  corpses of 
R om ai g la iia to rs, was probably  the first an a to m is t to

describe  th e  d is tr ib u tio n  o f th e  vagus nerve. W ith  the 
ad v en t o f m o d e rn  neu rob io log ica l tech n iq u es, the cells 
of o rig in  an d  the te rm inal d is trib u tio n s  o f afferen t and 
efferen t nerve íibers of the vagus have b een  described  in 
term s of topog raphy , n eu ro ch cm is try , an d  elec trophys- 
iology. Such s tu d ies  have revealed  n o t on ly  the ana tom y  
o f the  vagus, b u t also the íu n c tio n a l basis for b ra ín —gut 
in te rac tions.

M OTOR INNERVATION

The m o to r su p p ly  to the g as tro in tes tin a l (G I) trac t is 
derived  from  tw o b ra in  stem  nucleỉ. T he n u cleu s am - 
b iguous p rov ides the m o to r n eu ro n e s  th a t supp ly  the 
s tria ted  m uscle o f the u p p e r g as tro in tes tin a l tract, in- 
c lu d in g  the esophagus and  the up p er esophageal 
sp h in c te r  (Fig. 1). The p regang lion ic  parasym pathetic  
n eư ro n e s  th a t su p p ly  the sm o o th  m uscle p o rtio n  o f the 
gu t o rig ina te  in  the  do rsa l m o to r  vagal nuc leus. T his is a 
spindle-shaped nucleus running rostrocaudally through  
the m edu lla  ob longata  on e ith e r side of the Central canal 
as it em erges in to  the 4 lh  ven tric le . It is o rgan ized  in to  
lo n g itu d in a l co lu m n s o f n e u ro n e s  tha t u ltim ately  give 
rise  to the d iffe ren t vagal b ran ch es tha t peal off the m ain  
a n te rio r  an d  p o s te rio r  tru n k s  to sup p ly  the various ab- 
d o m in a l o rg an s (Fig. 1). W ith in  the gu t wall, these pre- 
ganglion ic n e u ro n e s  synapse in  the en teric  nervous 
system , w here  the postgang lion ic  n eu ro n es  th a t supp ly  
the various g as tro in tes tin a l effectors are located . These 
effectọrs in c lu d e  the m uscle layers and associa ted  in te r- 
stitia l cells o f C ajal, ep ith e lia , an d  b lood  vessels, and  
regu la te  p e ris ta ltic  co n trac tio n s , secretions, and  alter- 
a tions in b lo o d  flow, respectively . In ad d itio n , vagal 
pa ra sy m p ath e tic  nerves can  also  in íluence res id en t im - 
m u n e  cells, in c lu d in g  m acro p h ag es and  m ast cells.

T he te x tb o o k  view  o f the pa ra sy m p ath e tic  innerva- 
tio n  o f the gut as being  b o th  exclusively  cho linerg ic  and  
en tire ly  ex c ita to ry  is o u tm o d ed . T rue , acety lcho line  is 
the m ain  n e u ro tra n sm itte r  re ỉeased  trom  b o th  m o to r 
an d  p regang lion ic  vagaỉ efferen t fìbers an d , in  the case 
o f  the la tte r, ac ts  on  n ico tin ic  rec ep to rs  located  on the 
p o stsy n ap tic  m em b ran e  o f en te r ic  n eu rones. H ow ever, 
it is now  reco g n ized  tha t the en te ric  nervous system  is 
n o t a sim pìe re lay  sta tio n  for the parasy m p ath e tic  nerve
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FỈG U RE 1 A schematic represeniaùon ol the dorsal vagal corn- 
plex of the mcclulla oblongala, vievved from a caudal and latcral 
(right) perspcctive. Also illustraied are theabdominal vagal irunks 
with thcir respective branches and a partial list of their diiTerenl 
targct tissucs or organs. The dorsal motor nucleus of ihc vagus can 
he scen in a horizonlal oricntalion on the righl side of the brain 
stcm and in a írontal orieniation on the lcft side. The medial ccll 
colutnn on either side (associated, rcspectively, with the gastric 
b r a n c h e s )  is  in d ic a te d , w it h  s m a lle r  c e l l  b o d ie s ,  and th e  la te ra l  c ẹ l l  

column on each side (associated, respcctively, with che celiac 
branches) is indicated bv larger somaia. This perspective view 
and the different line symbols used for axons iilustrate that 
each column of prcganglionit neuronsin thedorsal motor nuclcus 
gives rise to a separatc branch of the subdiaphragmatic vagus 
(hepatic branch neurons and axons arc not shown). The nucleus 
am biguous, which innervates supradiaphragm atic and Slriatcd 
tissues. is also illustrated on the right, wherc it is positioncd 
vcntrolatcral and parallel to the dorsal molor nucleus of the 
vagus. Abbreviations: ap, area postrema; IcV. leĩt cervical vagus; 
n ts , n u c le u s  o f  ih e  t r a c tu s  s o l ita r iu s :  r c V ,  r ig h t  c c r v ic a l  v a g u s ;  

15, iractus solitarius; na, nucleus ambiguous. Modified bv 
H. R. Berihoud Irom Ritter, s., et ai. (1992). ‘ Neuroanaiomy and 
Physiology of Abdominal Vagal AITerents.’’ CRC Press, with permissỉon.

supply. It con tains all the elem ents of an in d ep en d em  
nervous system  and  as such  can organize in trinsic  re- 
Aexes to m odula te  eon tractile  activitv and secretion  
accord ing  to local dem and . The en ieric  nervous system , 
in lu rn , is in íluenced  hv vagal preganglion ic n eu rones 
and therefore prov ides thè final pathw ay for b o th  in trin - 
sic and  vagal reílexes. A cetvlcholine is a iran sm ilte r 
in subpopu la tions o f en teric  ino to r n eu ro n es  thai

innerva te  various effectors, and th rough  an action  cn 
p o sỹ u n c tio n a l m uscarin ic  recep to rs b rings about co t- 
trac tio n  o r secretion . Hovvever, acetylcholine is not tle 
only  exc iia to rv  tra iism itter in enteric  m otor neurone;; 
substance p and  5-hydroxv tryp tam ine are exam plcs of 
n oncho linerg ic  excita tory  transm itte rs. O ther en te rc  
m o to r n eu ro n es  con tain  transm itte rs such as adenosite 
tr ip h o sp h a te  (ATP), vasoactive in testinal peptide (VIP), 
and  n itric  oxide (N O ), w hich  m ediate inhibitory  effecu, 
particu la rly  on m uscle function. Consequently , vagil 
in íluence over gut íunc tion  can he bo th  ex c ita to y  
and  inh ih ito rv , t h e  la lter causing relaxation (>f s p h in  - 
ters and  the gastric body  d u ring  accom m odalion oí a 
m eal o r p rio r  to cm esis.

The re are relativelv  few preganglìonic vagal íib es  
co rnpared  to the m any m illions of neurones vvithin the 
en tcric  nervous system . This fact, together with the c liì-  
ical observation  that gu l íu ncúon  is relatively wtll 
m ain ta ined  after vagolom y, a procedure com m cn 
a ro u n d  the 1950s for treating  peplic ulcer disease, 
has resu lted  in the im portance of the vagal nerve supply 
being  called  in to  question . H ow ever, it is clear that the 
vagus nerve can have p ro ío u n d  effects on gut function. 
W hal is in trigu ing , therefore, are the m echanism s tbat 
allow  the en teric  n erv o u ssy s tem  to m aintain and restore 
r e l a t i v e l y  n o r m a l  í u n c t i o n  in  t h e  fa c e  o f a  c o m p r o m iS 'd  

v a g a l  i n n e r v a t i o n  a f t e r  s u r g e r y  o r  n e u r o p a t h v .

SENSORY INNERVATION

A fferent lìbers in the abdom inal vagus irunks outnum - 
ber efferent íìbers by ab o u t 10 to 1. The vagus nerve Cỉn 
be co n s id ered  m ore a sensorv  than a inotor nerve, and a 
vast am o u n t of sensorv  inforination  is conveyed to tie  
b ra in  stem . The sensorv  cell h o d ie sa re  located m ainlvin 
the nodose ganglia. These arc dcrived from ihe seco id  
a n d  t h ir d  e p i b r a n c h i a l  p l a c o d e s  d u n n g  e m b r v o n ic  Ce- 

v elo p m en t and  p ro jec t cen trally  to the  brain stem  a id  
p e rip h e ra lly  to the ir tc rm inations in the organs they 
innerva te. T he cell bodies synthesize the transm itttrs  
and  enzym es thai the nerve term inals utilize in the pro- 
cess o f synap tic  transm ission . G lutam ate is a m ajor tx- 
c ita to ry  tran sm itte r  for gut reAexes, hut o ứ e r  
tra n sm iu e r  substances exist in the brain  stem. includ iag  
acety lcho line , ca techolam ines, neuropeptides (espe- 
cially tach y k in in s), and y-am inobutvric acid (GAB/v). 
W ith in  the b rain  stem , vạgal aO erents term inate mainty 
in thc nucleus trac tus so litarius (nTS). although so n e  
afferen ts p ro jec i in to  the dorsal m otor vagal n u c ltu s  
(DM VN ), w here theỵ m ake m onosynaptic connectií ns 
w ith  vagaỉ m oto rneu rones. O ther aííercnt tem ùnals 
p rọ ịec t in to  the area postrem a (AP), a region o f he 
brain stem that integrates peripheral and Central signals



involved in triggering nausea and vom iting . F rom  the 
nTS, second-order n eu ro n e s  p ro jec t a sh o rt d istance 
into the dorsal m oto r vagal nucleus to com ple te  the 
vaiỊO-vagal circuits th ro u g h  ihe b ra in  s tem  th a t help  
contro l an d  coord inate gu t íunc tion . O th er seconđ- 
order n eu rones ascend to h igher reg ions o f the brain , 
inc lud ing  the hypo tha lam us and  lim bic system , w here 
thoy m odula te  au tonom ic function  and  behavior.

In  the peripherv , vagal sensory  nerve te rm inals 
b nm ch  extensively in the various layers o f the gut 
wall. T erm inals in the m ucosa tran sm it in ío rm a tio n  
relevant to lum inal eon ten ts , a lth o u g h  these sensory  
end ings do n o t p ene ira te  the ep ithelial lin ing . Instead , 
the end ings íorm an elaborate  ne tw ork  w ith in  the  lam - 
ina p ro p ria , w here they  are exposed  to chem icals ab- 
so rbed  from  the lu m en  (n u trien ts  and  m icrobial 
an tigen) o r m ediators released  from  speciflc cell types 
in  ihe m ucosal ep ithelium  and  lam ina p rop ria . E n tero - 
endocrine  cells have a specia lized  apical m ỉcrov illus 
m em brane tha t is capable of d e tec tin g  the chem ical con- 
s titu en ts  of the lum inal co n ten t, and in response  to an 
ap p ro p ria te  stim ulus, release paracrine an d  en d o crin e  
m ediators [rom ihe baso lateral aspect o f the cell. O ne 
such  m ed iato r is cho lecystok ìn in  (C C K ), released  by fat 
and p ro te in  digestion p ro d u c ts  in the  lum en . CCK has 
w idesp read  effects on  gas tro in tes tina l ĩu n c tio n , inc lud- 
ing in h ib itio n  of gastric em p ty ing  and  s tim u la tio n  of 
p an c reaú c  secretion and  bile ílow, and  also co n trib u tes  
to the sa tiety  m echanism s th a i regulaic food ingestion . 
These effects are m ed ia ted  via actìvation  o f vagal affer- 
cnts th a t are exquisite ly  sensitive lo CCK. O th e r vagal 
afferents are activated  by 5 -h y d ro x y try p tam in e  (5-H T) 
as part o f a detection  system  for en tero to x in s. A ctivation  
o f these aíĩeren ts can  trigger d ia rrh ea  an d  vom iting , 
w h ich  d ilu te  and expel the po ten tia l harm fu l m ateria l. 
The recep to rs to these an d  o lh e r m ed ia to rs  are 
syn lhesized  in the cell soraa and  tran sm itted  to the pe- 
riphery , w here they becom e linked  to senso ry  signal 
generation . A w ide range o f recep to rs  are exp ressed  
by vagal sensory n eu rones, in c lu d in g  recep to rs  to neu - 
rom odu la to rs , cytokines, an d  g row th  factors.

M uscle m echanosensory  end ìngs tran sm it in form a- 
tion concern ing  the level o f d is ten sio n  or con trac tile  
activity w u h in  thc gu t vvall. In  soirie reg ions such  as 
the stom ach , elaborate sensory  te rm inal arrays are 
found in  the m uscle layers, w here  they  are  p o sitio n ed  
to đetec t changes in  m uscle tone. O th er end ings are 
found in association  w ith  m yen teric  ganglia 
(in iraganglion ic lam inar end ings, o r IGLEs) an d  can 
detcct the activity of overly ing  and  u n d erly in g  m uscles 
thai cause d isto rtion  o f  the ir endings. The th re sh o ld  for 
ac tivaúon  of these vagal m ech an o recep to rs , u n lik e  spi- 
nal noc icep to rs that resp o n d  p red o m in an tly  to h igh

levels o f d is tension , is vvithin the phvsiological range. 
In o th e r w ords, levels of d istension  o r con trac tions as- 
sociated w ith  ongoing activity are signaled to the Central 
nervous system  (CNS).

T here  are also paraganglia associated  w ìth  the ab- 
đom inaì vagus th a t are ou tside  o f the GI tract, an d  these 
may serve associa ted  íunc tions. Vagal paraganglia con- 
sist o f encapsu la ted  g lom us cells and  occasional neu- 
rons. P araganglia receive b lood  and  lym ph  supplies, and 
90% of them  are innerva ted  by ascend ing  afferení vagal 
Tibers th a t form  cup like  varicosities aro u n d  g lom us 
cells. It has been p roposed  tha t vagal paraganglia may 
serve as a second  line of chem orecep tive  deíense by 
m o n ito rin g  the b lood  and lym ph  close to the GI tract 
an d  th u s  m odu la te  afferent activity.

FUNCTIO NAL ORGANlZATION OF 
VAGO-VAGAL REFLEXES

Sensory  in fluences from  bo th  m ucosal and m echanosen- 
sitive end ings p rov ide  the CNS w ith  a global view  of the 
p rog ress of d igestion  and the m ovem ent of co n ten ts  
th ro u g h  the gas tro in tes tinal tract. In ío rm ation  on the 
lum inal en v iro n m en t (pH , osm olarity , and  antigen and  
n u ir ie n t co n ten t)  an d  every co n trac tion  that occurs 
w ith in  the gastro in lestinal tract is tran sm itted  cen trally  
to the b rain . T his in ío rm a ú o n  is used to set an appro - 
p ria te  parasym pathetic  outílovv to the en teric  nervous 
system . The en teric  nervous syslem , in tu rn , in tegrates 
th is parasym pathetic  in p u t w ith  local in fo rm ation  pro- 
v ided  by its ow n in trin sic  sensory  system . These reílexes 
help  to m atch  m o to r and  secretor íu n c tio n  to the diges- 
tive needs of the ind iv idual and  coo rd ina te  gu t regions 
th a t can  be m eters  apart.

BEHAVIORAL CONSIDERATIONS  
A N D  SENSATIO N

Vagal afferent in ío rm a tio n  plays an  im p o rtan t role in 
regu la ting  behavior. The ro le of CCK in  sa tìety  and
5-HT in  nausea an d  vom iting  are w ell established. 
M ore con troversia l is the role of vagal afferents in  
m ed ia ting  illness behav io r associated w ith  acute- 
phase responses follow ing bacteria l transloca tion  across 
the bow el w all. C ircu la ting  cy tokines, particu larly  in- 
te r le u k in - ip  (1L-1Ị3) from  in testinal m acrophages, play 
a p ivo ta l role, b u t there is also eviđence th a t vagal af- 
feren ts exp ress recep to rs 10 IL - ip  and  con tribu te  to 
anorex ia  and  fever associated  w ith  acu te-phase re- 
sponses. M ucosal m ast cells resp o n d  to an tigen ic signals 
and  release m ed ia to rs  tha t can also inAuence vagal sen- 
sory  signals. Because paraganglion ic g lom us cells are



im m u n o reac tiv e  for IL-1, it is likely that vagal par- 
aganglia also play a role in im m une responses.

T he ro le of vagal afferents in  sensation  is con trover- 
sial. Som e vagal afferents p ro jec t in to  the cervical sp inal 
co rd  and  m ay transm it signals to sp ino thalam ic path- 
w ays th a t b rin g  abou t sensations such  as d iscom fort or 
pain. C u rre n t evidence suggests tha t vagal affereni in- 
fo rm ation  from  the nTS p ro jec ts to areas of the CNS 
associa ted  w ith  em otional aspects of visceral stim ula- 
tio n — for exam ple, ihe lim bic svstem — rath er than cog- 
n ition . T here  is also m oun ting  evídence that vagal 
afferent traffìc may in íluence descend ing  spinal path- 
w ays associated  w ith  pain  Processing. Vagal afferents 
m ay therefo re  m odu la te  pain  ra th e r than  rnediating 
pa in  per se.

S ee  A lso  th e  F o llo w in g  A r t ic le s

Autonomic Innervation •  Cholecystokinin (CCK) •  Gastric 
M otilúy •  Parasympathetic Innervation •  Sensory Innervation
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Variceal Bleeding
A la I. Sharara

A m erican  U niversity o f  B e iiv l  School o ị M cdicine, Lebanon, and D uke U nivcrsity  M rdical Centcr

c h ild —Pugh classiíìcation Assignment of the severity of 
cirrhosis based on clinical and laboratorv parameters, 
including encephalopathy, ascites, bilirubin, albumin, 
and prothrombin time; in order of increasing severitv of 
cirrhosis, classes A, B, and c . 

hepatic venous pressure gradient DeRned as ihe gradiẹnt 
between the wedged, or occluded, hepatic venous 
pressure and free hepalic venous pressure; provìdes a 
reliable measurement ol portal prcssure. 

primary prophylaxis Prevention of a first variceal bleed in 
patients with cirrhosis and varices. 

sclcrotherapy lrýection of varices with a sclerosanl such as 
sodium morrhuatc or sodium tetradecyí sulíatc. 

secondary prophylaxis Prevention of recurrent vãriceal 
hemorrhage in a paiient who suffered a fĩrst episode of 
variceal bleeding.

variceal band ligalion Endoscopìc placement of a rubber 
ligature around a varix.

Variceal bleeding, a m ajor com plication of portal hyper- 
tension  resulting  from cirrhosis, accounts for aliout 
1 0 -3 0 %  of all cases ot upper gastrointestinal tract hem- 
orrhage. More than any o thcr cause of gastrointestinal 
bleeding, this com plication results in considerable ínor- 
b idity  and m oriality , prolonged hospitalization, and in- 
creased aííiliated costs. Variceal hem orrhage develops in 
2 5 —35% of paticn ts with cirrhosis and accounts for 
8 0 —90% of cascs of b leeding episodes in thcse patú-nts. 
Froin 10 to 30% of thesc episodes are fa(al and as inaiiy as 
70% of survivors vvill rebleed following an index variceal 
hem orrhage. M oreover, the 1-year survival is 34—80%



anJ is inversely relatcd lo thc severity of the underlying 
liv:r disease. T rcatm ent of patients vvith gastroesophageal 
va :ices includes the prevention of the initial bleeding ep- 
iscde (prim ary prophylaxis), the contro l of active variceal 
henorrhage , and the prevention of recurren t bleeding 
afi;r a first episode (secondary prophylaxis).

p a t h o g e n e s i s  o f  
GASTROESOPHAGEAL VARICES

C hron ic liver d isease lead ing  10 c irrhosis  is the m ost 
c o m m o n  c a u s e  o í  i n c r e a s e d  p o r t a l  p r e s s u r e ,  o r  p o r t a l  

hy.iertension . Portal pressure is a resu lt of the rela tion- 
sh ip  dep icted  by O hm 's law: P =  QR, w here p  is the 
p rcssu re  along  a vessel, Q is the flow in the vessel, 
a n d  R is the resistance to that flow. In t h e  m ajoriiy  of 
eases of liver disease, portal h y p erten s io n  is the resu lt of 
increased in ira h ep a tic  resistance and  increased  flow 
t h r . )U g h  th e  s p l a n c h n i c  s y s t e i n  v í a  a  h y p e r d y n a m i c  c ir -  

cu lỉtio n . M ost form s oí liver d isease encom pass aspects 
o f  cach of these increases. The level of increased resis- 
ta n ;e  to flow varies w ith  speciíìc ío rm s oM iver disease 
anci m ay o ccur a t p resinuso iđal o r p o sts in u so id a l levels, 
as in sch istosom iasis and  venoocclusive disease, respec- 
tivcly. M any lorm s o f liver in ịury  resu it in  “sin u so id a l” 
p o ita l hypertension , the pathogenesis o fw h ic h  is com - 
ple< h u t involves dynam ic ce llu lar ĩac to rs (such  as 
ste lla te cell co n stric tio n  and c o n tra c tio n  a ro u n d  sinu- 
soiils) and fixed e lem en ts (such  as fibrosis). Recent 
stu ilìes suggest tha t an  im balance o f the po ten i vasocon- 
s trk to r ,  e n d o th e lin -1 , and  ihe p o tem  vasod ila to r, n itric 
oxide, ma)' be im p o rtan t in ihe genesis of increased 
in trah ep a tic  resis tance, vvhich is an early  and  critical 
com ponen l of m ost ío rm s of po rta l hyperiension .

V arices rep resen t po rtosystem ic co llaterals derived 
froin d ila ta lion  o f p reex isting  em brỵon ic  v ascu lar chan- 
nels, inclucling those bctw een  the co ro n a ry  a n d  sho rt 
gasiric veins and the in tercosta l, esophageal, an d  azy- 
gous veins. In the distal esophagus, over an  area ex tend- 
ing 2 —5 cm from  the gastroesophageal ju n c tio n , veins 
are íound  m ore superíìcia lly  in the lam in a  p ro p ria  ra ther 
than  the subm ucosa. T his resu lts  in  reduced  su p p o rt 
from  su rro u n d in g  tissues because oi' the p red o m in an t 
in tra lum inal location  of these varices an d  may exp lain  
the p red ilection  for b leed ing  a t th is  site. The open ing  
and d ila tion  of p o rto system ic co llaterals appears to de- 
pend  on a th resh o ld  po rta l p ressu re  g rad ìen t (portal 
m inus íree hepa tỉc  vein pressure) o f  12 m m  of m ércu ry  
(H g), belovv vvhich varices do not form . This p ressu re  
graclient is necessary b u t n o t sufficient for the develop- 
m ent of gastroesophageal varices. In o ih e r w ords, pa- 
tien ts vvitli g iad ien ts  in excess o f 12m m H g  do not

invariably  develop varices. The prevalence of esopha- 
geal varices in c irrh o tic  p a tien ts  ranges from 24 to 90%  
and  is partly  rela ted  to ihe d u ra ú o n  an d  severitv  of 
c irrhosis.

PREDICTION OF 
VARICEAL HEMORRHAGE

Not all patien ts w ith  varices bleed; gastroesophageal 
variceal hem orrhage occurs in onlv  3 0 —35% of patien ts 
vvith cirrhosis, m ost com m only  w ith in  2 years of ihe 
d iagnosis of varices. It is unclear w hat leads to ru p tu re  
and b leed ing  in  ind iv idual patien ts. Local ĩacto rs su ch  as 
changes in  low er esơphageal sp h in c te r p ressu re  or acid 
reílux  do n o t appear to play a role in the pa thogenesis of 
variceal ru p tu re . R ather, the m ain  d e te rm in an t of bleed- 
ing is the variceal w all tension , a íunc tion  of the trans- 
m ural p ressu re , rad ius, and  walỉ th ickness of the vessel 
(as ind icated  bv F ra n k ’s m odiíìca tion  of LaPlace’s law). 
V ariceal ru p tu re  is d irec tly  rela icd  to physical íactors 
such as the tb ickness an d  elastic p ro p ertie s  of the vessel, 
in add itio n  to in travariceal and in tra lum ina l p ressu re . 
F u rth e rm o re , the severity  of b le ed in g is  re la ted  lo trans- 
m ural pressure and  the size of the re n t in the varix, and is 
inversely  p ro p o rtio n a l to b lood  viscosity.

A m ạịor ĩocus of investigaúon , w ith  im p o rtan t clin- 
ical im plica tions, is u n d ers ta n d in g  w hich patien ts  are 
m ost likely to b leed. C linical characieristics thai d eno te  
an increased risk  of first variceal hem orrhage inc lude 
co n ú n u e d  alcohol u se  and liver decom pensation , 
where.as endoscop ic findings iha t p red ic i a h igher 
risk  of b leed ing  inc lude larger size of varices an d  the 
presence of endoscop ic  red  signs (described  as cherry  
red  spo ts, hem ocystic spots, o r red  wale. m ark ings) on 
the variceal wall, ind ica lm g  d ila ted  in traep ilhe lia l and 
su bep ithe lia l superficial veins. A com bination  of clin ical 
and  endoscop ic íind ings, in c lu d in g  the C h ild —Pugh 
class, size of varices, and the presence o r absence of 
red  vvale m ark ings, was found to co rrela te  h ighly 
w ith ihe risk  of first b leed ing  in patien ts  w ith  cirrhosis. 
H em odynam ic p aram ete rs  exam ined  include the m ea- 
su rem en t of the hepatic  venous p ressu re  g rad ien t 
(HVPG), azygous b lood  flow, as well as d irec t m easure- 
m en t of in travaricea] p ressu re . HVPG calcu lated  bv the 
g rad ien t o f w edged and  free hepatic vein p ressure (nor- 
m al value, 5 m m H g) is used m osi ĩrequen tly  an d  pro- 
vides reliable m easu rem en t of po rtal p ressu re  in  
patien ts w ith  cirrhosis. The ex tern  of elevation  of 
HVPG may be the best inđ icato r of risk  of b leed ing , 
severity  of b leed ing , an d  survival. A rise in p ressu re  
in a patien i w ith  know n  varices increases the risk of 
bleed ing , and  the  ex tern  of portal p ressu re  elevation



appears to have an  inverse  relationship lo prognosis 
after hem orrhage has occurred  In general, how ever, 
a linear re la tionsh ip  betw een  the degree of portal hy- 
perten sio n  and the r isk  of variceal hem orrhage or 
variceal ío rm ation  does n o t exist, so th is  technique can- 
n o t be used ro u tin e ly  to identiív  individual patien ts  at 
h igh  r isk  of b leeding. O f in terest, the reported  circad ian  
varia tion  in  p o rta l p ressu re  (HVPCi is highest shortly  
a f t e r  m i d n i g h t  a n d  l o w e s t  a t  7  p m )  m a y  o f f e r  a  p o s s i b l e  

exp lanation  for the p red ilection  of variceal b leed ing  to 
occur du rin g  the late evening to early hours of the day.

PRIMARY PREVENTION OF BLEEDING 
FROM ESOPHAGEAL VARICES

Based on prospec tive  stud ies ol cirrhoúc patien ts w ith  
varices identified  a t endoscopy and studies of u n trea ted  
g roups in ran d o m ized  coniro lled  trials, the risk of 
b leed ing  from esophageal varices has been esúm ated  
at 25 — 35% at 1 year. Ciiven ibe poor outcom e of cir- 
rho tic  patien ts fo llow ing  variceal hem orrhage, a ttem pts 
have been  m ade to ìdentify  those at high risk and pre- 
vent bleeding. In  a large prospective study involving 
321 patien ts w ith  c irrhosis , the risk of b leeding was 
found  to correla te  w ith  the sìze of varices, the presence 
of endoscopic red  w ale m arkings, and to the severity  of 
liver disease. S creen ing  endoscopy is generally recom - 
m ended  for p a tien ts  w ith  đ rrh o s is  lo detcrm ine the 
presence of large varices, but the cost-effectiveness of 
this approach  rem ains controversial. The use o f clinical 
param eters such  as the presence of' sp lenom egaly and 
low  p la te le t co u n t m ay help  select patients likely  to have 
large varices o n  endoscopy . Therapy for prim ary  pro- 
phylaxis agaìnst variceal bleeding has evolved consid- 
erably over the past decade and issum m arized  in T ab le l.

Pharmacologic Therapy

T he general objective of pharm acologic therapy  for 
variceal b leed ing  is to reduce portal pressure and con- 
sequen tly  in travariceal pressure and wall tension. Drugs 
that reduce p o rtoco lla te ra l venous flow (vasoconstric- 
to rs) or in trah ep a tic  vascular resistance (vasodilators) 
have been used, an d  inc lude beta-hlockers, n itra tes, a2 - 
adrenerg ic b lockers, sp ironolactone, pentoxify lline, 
and  m olsidom ine. Because varices do n o t bleed at an 
HVPG less than  ] 2 ram H g, reduction  to this level is 
ideal, bu t substan tia l reductions in HVPG (i.e., by 
> 2 0 % ) are also clin icallv  m eaningíul.

B ela-blockers ex e rt their beneíĩcial effeci on portal 
venous p ressu re  by d im in ish ing  splanchnic blood ílovv 
and consequen tly  gastroesophageal collateral and azy- 
gous b lood flow. The nonselective beia-blockers, such

as p ro p ran o lo l and  nadolo l, are preferred because 
of the dual benetìt o f p i -  and  (32-receptor blockađe. 
p i-R e c e p to r  b lockade reduces cardiac o u tp u t and 
causes sp lanchn ic  vasoconstric tion  by reflex activation  
o f a -ad ren erg ic  recep to rs in  the sp lanchn ic  circu lation , 
w hereas P 2-recep to r b lockade resu lts  in  sp lanchn ic and 
p erip h e ra l vasoconstric tion  by e lim ina ting  p2-receptor- 
m ed iated  vasod ila tation , thereby allow ing unopposed  
a -a d re n e rg ic  recep to r-m ed ia ted  vasoconstric tion . [n 
the absence of HVPG determ in a tio n , beta-b lockers 
are titra ted  in  o rd er to achieve a red u c tio n  in resting  
h ea rt rate  to 55 bea ts/m inu te , o r 25% of baseline. Pto- 
p rano lo l is generally  given as a long -ac ting  p repara tion  
and titra ted  to a m axim al dose of 320  mg/day. N adolol is 
in itia ted  at 80 m g daily up to a m axim al daily dose of 
240 mg.

T he p o rta l p ressu re-reduc ing  effects of beta-block- 
ers are, hovvever, u n p red ic tab le  an d  n e ith e r the resul- 
tan t red u c lio n s  in heart rate no r d ru g  blood levels are 
good in d ica to rs  of response to therapy . F or exam ple, 
po rta l venous p ressu re is reduced  in abou t 6 0 —70% of 
p a tien ts  w ho receive p ro p ra n o lo l therapy , b u t only 
10—30% of these p a tien is  show  a substan lia l response 
(i.e ., > 2 0 %  reduc tion ). A dditionally , approxim ately  
2 0 —25% of patien ts have no m easurab le  decline in por- 
tal p ressu re  despite increasing  dosage of p roprano lo l. 
The effectiveness of beia-b lockers for prim ary  propliy- 
laxis againsl variceal b leed ing  has been  dem onstratecl in  
several con tro lled  trials. A dditionally , m eta-analyses 
have revealed a 4 0 —50% red u c tio n  in b leed ing  and  a 
tren d  tow ard  im proved  survival. F u rthe r, a cost-eflec- 
tiveness analysis com pariĩig  p ro p ra n o lo l to sc lero ther- 
apy an d  sh u n t surgery  found  p ro p ra n o lo l to be the only  
cost-effective form  of p rim ary  p rophy lax is.

In ad d itio n  to beta-b lockers, a  num ber of vasodila- 
to rs have been investigated  in p o rta l hyperiensive pa- 
tien ts an d  in  anim al m odels of p o rla l hypertension ; the 
long -ac ting  organic n itra tes, isosorb ide d in itra te  and 
iso so rb ide-5 -m onon itra te , have received the greatesi at- 
ten tion . Isosorb ide m o n o n itra te , the active com ponen t 
fo rm ed by rap id  d en itra tio n  of d in itra te  p rep ara tio n s in 
the  liver, has a relatively long half-life (about 5 hou rs) 
and  dose linear k inetics even in  the  presence o f liver or 
k idney  disease, w hereas the d in itra te  p rep ara tio n  un- 
dergoes extensive íìrst-pass h ep a tic  m etabolism , resu lt- 
ing in  a sh o r t half-life and u n p red ic tab le  b ioavailabìlity  
w hen  u sed  in c irrho tics. T h e  exact m echanism  of acúon  
o f n itra tes  is unclear, but is th o u g h t to be m edúued  
p rim arily  by red u c in g  in trah ep atic  resistance— perhaps 
by in h ib itin g  s inuso idal co n stric tio n  caused by hepa- 
tic ste lla te  cells o r m yofibroblasts—-and possibly by 
sp lan ch n ic  arierial vasoconstric tion  induced  in 
response to venous pooling  an d  vasodilation  in o ih e r
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regional vascular beds. M onotherapy  w ith  n itra tes is 
ineffective in p rim ary  prophy lax is and may have detri- 
m ental effects, particu larly  in  c irrho tic  patien ts w ith  
ascites, such  as accen tua tion  of hem odynam ie and lab- 
o ratory  signs o f hvpovolem ia and vasodila tation , akin  to 
those seen in w hat has been called postparacen tesis 
circu lato ry  dvsíunction.

The ad d iúon  of isosorb ide m onon itra te  to p ro p ran - 
olol has been show n to resu lt in an enhanced  reduction  
in portal p ressure in hum ans. In a random ized  con- 
tro lled  study  invoiving 42 patien ts w iih cirrhosis and 
esophageal varices, a reduction  of g reaier than  20% in 
HVPG was docum en ted  in only 10% in the p roprano lo l 
group, com paređ  10 50% in the com bination  therapy 
group. In patien ts w ith  C hild — Pugh class A and B cir- 
rhosis, the ad d itio n  oi isosorb ide m onon ilra te  to 
nadolol has been show n, in a random ized  trial, to resu lt 
in a g reater than 50% add iúonal reduc tion  in variceal 
b leeding rate w hen com pared  w ith  nadolo l m onother- 
apy (12% , com pared  w ith 29%).

Endoscopic Therapy

O ver the past two decades, endoscopic therap ies 
have assum ed a p ro m in en t role in trea tm en l ot esoph- 
ageal varices. E ndoscopic sc lero therapy  is perform ed by 
in je c tin g asm a ll volum e o fan y  o fa  num ber o ísc le ro san t 
so lu tions (such as sod ium  tetradecyl sulfate, sod ium  
m orrhua te , ethano lam ine , o r abso lu le c thano l), usually  
in an in travariceal location. These sclerosing  agents are 
all h ighly effective in  achievìng hem ostasis in  approx- 
im ately 8 0 —90% of patien ts, a lthough  the ir m echanism s 
of ac tion  are no t en tirely  clear (e.g., local tam ponade 
effect, o r p rim ary  venous th rom bosis). M ultiple ran- 
dom ized trials have exam ined the effect o f endoscopic 
sc lero therapy  in the p reven tion  of íìrsl variceal bleed- 
ing. Results are conílicting , w ith  few trials show ing  sig- 
n iíican t reduc tion  in b leed ing  and m ost show ing  no 
difference. O ne study  w as stopped  p rem alu re ly  because 
of h igher m orta lity  in  the sc lero therapy  g roup  as com - 
pared  to the sham -trea tm en t group.

Band ligaúon  of esophageal varices u tilizes thc sam e 
m ethodology  em ployed for years in  elastic band  ligation 
of in te rnal hem orrho ids. A suc tion  adap te r is íìtted  on 
the úp  of the endoscope, thc varix  is suc tioned  in to  the 
cylinder, and a rubber bancl is deployed aro u n d  the 
varix, resu lting  in ischem ic necrosis of the m ucosa 
and subm ucosa bu t leaving an in tact m uscularis 
propria . The resu ltan t shallow  u lcerations are rep laced 
by g ranu la tion  lissue and dense m atu re  scar tissue and 
lead Lo variceal obliteration . The only  pub lished  trial, lo 
date, com paring  ligation  to p rop rano lo l in the prim ary  
p reven tion  o fvariceal b leeding show ed an actuarial rate

of bleeding of 15% in ihe ligation  g roup  co m p ared  'O 
43% in  the p ro p ran o lo l m ono therapy  g roup . The stucy  
was criticized, how ever, because of the h igher than  e.<- 
pected  rate of b leed ing  in  the p ro p rano lo l g roup  as w tll 
as the relatively low  m ean dose o f p rop rano lo l use l. 
F urthe rm ore , the p relim inary  resu lts  o f an o th er trial 
published in ab s trac t ío rm  show  no advantage )f 
ligation w hen com pared  to the co m b in aú o n  of n itra tĩs  
and  beia-blockers. N evertheless, ligaúon  m ay be an ac- 
ceptable op tion  for patien ts at high risk  of variceal 
b leed ing  and w ho are in to le ran t of, o r have contra inci- 
ca tions to, m edical therapy . T he op tim al prima.-y 
prophy lax is in p a tien ts  vvith C h ild —Pugh class c 
c irrhosis  rem ains unclea r, and  m ay arguably  be liver 
transp lan ia tion .

M ANAGEM ENT OF ACUTE  
VARICEAL HEMORRHAGE

Variceal hcm orrhage is usnally  an  acute clinical ev tn t 
characterized  bv rap id  gas tro in tesúnal b lood  loss pre- 
sen ú n g  as heinalcm esis (w hich can be m assive), w ith  or 
vvìthout m elena o r hem atochezia. H em odynam ic insta- 
bility (i.e., tachycard ia a n d /o r  h y p o te n s io n ) iscom m un. 
A successíul ou tcom e in  all cases ()f upper gastrointi-s- 
tinal hem orrhage, in c lu d in g  ihose of variceal bleeding, 
h in g e so n  p rom pt resusc ita tion , hetnodynam ic support, 
and  attem pt at co rrec tio n  oi any hem ostatic clerange- 
m en t, p reíerab ly  in the setting  o f an  in tensive care UTiit.

A lthough variceal b leed ing  is com m on  in patien ts 
w ith  cirrhosis p re se n ú n g  w ith  acu te  u p p er gastro in tes- 
tinal hem orrhage, o th e r  cau seso fb leed in g , such as u lcer 
disease, m ust be considered  in the differcntial diagnosis. 
U rgen t in itia tion  of em piric pharm acologic therapy  
w ith  vasoactive agerns is ind icaied  in s itu a tio n s in 
w hich variceal hem orrhage is likely. Subsequently , di- 
rec t exam ination  of the up p er gas tro in tes tinạl trac t bv 
an  experienced  endoscop ist is critical to estab ìish  an 
accu rate  d iagnosis an d  to p rovide the rationale lo r im- 
m ediate  and subsequen t therapics. The im m ediate stọps 
in  the m anagem ent o f acute variceal b leed ing  include 
(1) volum e resusc ita lion , (2) p reven tion  of com plica- 
tions, (3) ensuring  hem ostasis, and (4) in itia ting  niea- 
su res to prevent earlv  and delaỵed rebleeding. O ptim al 
vo lum e resuscita tion  is the m ost critical aspect of man- 
agem ent of all p aú e n ts  w ith  gas tro in tes tinal hem or- 
rhage. Patients w ith  suspected  variceal b leeding 
sh o u ld  have large-bore in travcnous lines p laced and 
sh o u ld  receive crysta llo ids a n d /o r  blood in p ro p o riio n  
to the degree of hem odynam ic instabilitv . C oagulopathy  
shou ld  also be co rrec led . C aution  shoulcì be exercised , 
how ever, in ạvoid ing  ovcrtransfusion  because o f the



theore tical concern  o f reb leed ing  from  the variceal ren t 
aíter excessive b lood  vo lum e exp an sio n . A lthough 
largelv u n su p p o rted , it is trad itio n al in m edical tra in ing  
and p rac tice  10 use a hem atocrit o f 30% as an  u p p er 
safetv m argin  follow ing transíusion .

T here  is 110 ev idence ihat p lacem en t o f a nasogastric 
tube con trih u ies  to variceal ru p tu re  or b leeding. F ur- 
the rm ore , a nasogastric tube can be he lp fu l in p rov id ing  
a cru d e  index  of the activity and am o u n t o f  b leed ing  as 
WL’ll as in decom pressing the stomach of blood and clots, 
thereby  reduc ing  the risk  of asp ira tion . Because of the 
risk  of asp ira tion , elective en d o tra ch e a l in tu b a tio n  
sh o u ld  be considered  p rio r to en đ o sco p v  in  patien ts 
w íth  m assive b leeding, severe ag itation , o r a ltered  m en- 
tal s ta lus. Patien ts w ith  variceal h em o rrh ag e  and ascites 
are a i increasecỉ risk  of bacterial in fec tions, p articu la rly  
sp o n tan eo u s  bacteria l periton itis . T his risk  appears to 
be increased  in the se tting  of u n co n iro lled  hem orrhage 
or as a resu lt oi transien t bacterem ia fo llow ing endo- 
scopic sc le ro therapy  or variceal ligation . sh o rt- te rm  
sv ỉtem ic  an tib io tics (e.g., th ird -g en c ra tio n  cephalospo- 
riiis íor 4 to 1.0 days) have been  show n , in a m eta-anal- 
ysis, to decrease the risk of bac teria l in fec tions an d  to 
reduce m orta lity  in  c irrho lic  p a tìen ts  w ith  gastro in tes- 
tinal b leeding. Last, palien ts w ith  c irrh o sis  an d  m a s s iv e  

gasiro in testinal hem orrhage are at risk  for the develop- 
m cni (o r exacerbation  of p reex isú n g ) portosysicm ic 
encep h a lo p a th y . T hìs com plication  sh o u ld  be recog- 
niiícd and ruanaged accordingly. Purthermore, ít has 
b een  suggestecl th a t the p resence of h lood  in ihe 
g u i m ay, as a resu lt of its large p ro te in  load, lead to 
reílex  sp lanchn ic  hyperem ia, p resu m ab ly  via the 
rclease of vasoactive gas tro in tes tinal pep tides . T hcoret- 
ically , the rcsu ltan t increase in po rta l venous 
p rcssu re  m ay increase the risk of early  reb leed ing . In 
su p p o r t ol this theory  is a co n tro lled  tria l from  France 
shm vỉng  a red u c tio n  in  blood req u irem en ts  an d  in 
m o rta litv  follow ing w hole gut irrig a tio n  w ith  iso ton ic 
m an n iio l in c irrh o tic  patien ts w ith  g as tro in tes tin a l 
b leedíng.

PHARMACOLOGIC THERAPY

Ph.arm acologic the rapy  can be ad m in is te red  early, 
req u ires  no special technical expertise , an d  is thus a 
des irab le  íìrst-line op tion  for the m anagem en l of 
acu te  variceal hem orrhage. D rugs th a t reduce portoco l- 
la tera l venous flow (vasoconsiric to rs) o r in trah ep atic  
vas-cular resistance (vasođilators) or b o th  have been 
u spd  in o rder to achieve th is  effect. V asoconstric to rs 
w o rk  by decreasing  sp lanchn ic  a rte ria l fìow vvhereas 
vas'0d ila to rs are used in  co m bination  vvith vasoconstric- 
to rs  in o rd er to reduce their svstcm ic side effects b u t

m ay also exert an added  beneficial effecl on  in trahepatic
resistance (Table ĩ).

V a so p r e s s in  and  G ly p r e ss in

V asopressin is a nonselective vasoconstric ting  agent 
that causes a reduc tion  of sp lanchn ic  b lood flow and 
thereby  a reduced  po rta l pressure. In troduced  in  1956, 
vasopressin  was the first agent show n to reduce hem - 
orrhage from  varices. Because of its sh o rt half-life, va- 
sopressin  m u st be given by co n tin u o u s  im ravenous 
infusion and  dosage is lim ited  because of significant 
system ic vasoconstric tion , necessita ting  d íscon tinua- 
tion of therapy  in 25% of cases. Severe vascu lar com - 
p lications such  as m yocard ial ischem ia and infarction , 
m esen teric  and  lim b ischem ia, an d  cerebrovascu lar ac- 
c iden is have been  described. In add ition , vasopressin  
p reven ts íree w ater excretion  from  the k idneys and  can 
result in ílu id  overload, hyponatrem ia , an d  w orsen ing  
ascites. T he concom itan t use of n itrog lycerin  resu lts in 
im proved  efficacy in the con tro l of variceal hem orrhage 
(up  to 70% ) and  red u c tio n  in the system ic side effects of 
vasopressin . The beneíìcial effect o f n itrog lycerin  ap- 
pears to be a resu lt of the effect ol n ítrìc  oxide on 
in irah ep atic  vascular resistance, causing  a reduction  
in portal p ressure. This favorable effect of n itrog lycerin  
is in dependen t oí the m ode of dclivery (sub lingual, in- 
travenous, o r transderm al). Blood p ressu re  and electro- 
ca rd iograph ic  m on ilo ring  are recom m ended  du ring  
therapy  w ith  vasopressin  and  n itroglycerin .

T riglycyllysine vasopressin  (g lypressin , terlip ressin) 
is a syn the tic  vasopressin  analogue activated  in vi vo by 
cleavage of its N -term inal residue. C om pared  w ith  va- 
sopressin , g lypressin  has fewcr side effects and a longer 
biologic ha]f-life, allow ing its use as a bo lu s in travenous 
irýection  (2 ing every 4 h o u rs  for the in itial 24 hours, 
then  1 mg every 4 h o u rs  for the nex t 24 to 48 hours). 
T his advantage has led  to its successful use in  the “field” 
for cases of su spec ted  variceaỉ b leed ing  p rio r to or dur- 
ing tran sp o rt to the hosp ital. G lypressin  has been show n 
in m ultip le  p lacebo-con tro lled  trials to contro l b leed ing  
in abou t 80% of cases and is the only  pharm acologic 
iherapy  p roven , to date, to reduce m orta lity  from  acute 
variceal hem orrhage . G lypressin  is no t cu rren tly  avail- 
able in  the U nited  States.

S o m a to sta tin , O c tr eo tid e , an d  V a p reo tid e

S om atostatin , a natu ra lly  occu rring  pep tide , and  its 
analogues, oc treo tide  and  vapreo tide, s top  variceal 
hem orrhage in up to 80% of patien ts and are generally 
considered  to be equivalen t to vasopressin , terlipressin , 
and endoscop ic  therapy  for the con tro l of acute variceal 
b leeding. T heir precise m echan ism  of action  is unclear 
b u l m ay be d u e  to an effect on the release of vasoactive



p ep tid es  (such  as g lucagon, vasoactive ín testinal pep- 
tide, an d  substance P) o r to reduc tion  of postp rand ial 
hyperem ia . S om atostatin  is used as a con tinuous in tra- 
v enous in fusion  of 250 |.ig/hour follow ing a bolus injec- 
tion  of 250 pg. O ctreo tide is used as a con tinuous 
in íu s io n  o f 5 0 n g /h o u r  and does no t requ ire  a bo lus 
irýection . Side effects are m inor, inc lud ing  hypergly- 
cem ia a n d  m ild  abdom inal cram ps.

A recen t area of in te rest has been  the use of 
o c treo tid e  o r vapreo tide in  com bination  w ith endo- 
scopic therapy . In lwo separate  stud ies, the add ition  
of o c treo tid e  to endoscopic sc lero therapy  or band ing  
resu lted  in  im proved  contro l of b leed ing  and reduced 
transfusion  requ irem ents, bu t dicỉ no t reduce overall 
m orta lity . Based on th is w ork, a con tinuous in íusion  
of o c tre o tid e  of 25 ng /hour has been  recom m endeđ  
for 5 đays follow ing em ergency endoscopic therapy. 
T he added  beneíìt of octreo tide appears, how ever, to 
be largely  lim ited  10 ihe íirst 2 4 —48 h o u rs  of use. In 
one s tudy , all early reb leeding episodes occurred  w ith in
2 days of endoscop ic therapy; in  the o ther study, no 
s taústically  sign iíican i difference was no ted  aíter 
the fư si 24 hou rs betw een the o c treoúde  or placebo 
g ro u p s as far as reb leed ing  o r the m ean un its  of b lood  
transỉu sed .

ENDO SCO PIC THERAPY

E ndoscop ic  sc lero therapy  stops variceal hem orrhage 
in  8 0 —90%  of cases. The advantages of sc lero lherapy  
in c lu d e  its ab ility  to achieve definitive control of bleed- 
ing under direct endoscopic Vision, as well as the wide 
availability , ease of use, and  low  cost of the techĩúque. 
Its dravvbacks inc lude a signiíìcant risk  o flo ca l com pli- 
ca tions, in c lu d in g  u lceralion , b leeding, strìc tu re , and 
p erfo ra tion . Rare system ic com plications have been 
rep o rted , inc lud ing  bacterem ia w ith  endocard itis, 
sp len ic  o r b ra in  abscess ío rm ation , and  portal vein 
th rom bosis .

R andom ized  trials in patien ts  w ith acute variceal 
b leed ing  have show n tha t endoscopic variceal band  li- 
gation  is essentially  equivalent to sc lero therapy  in  
ach iev ing  in itial hem ostasis. Because of the lim ited  
view  w ith  the íìued  suction  adapter, band  ligation  
m ay techn ically  be m ore difficult w hen bleed ing  is mas- 
sive. The new er m u liiband  devices allow  the p lacem ent 
of up  to 10 bands in  one setting, obviating  the need for 
rep e a te d  in tuba tion  or the need for an  endoscopic over- 
tube. C om plications of endoscopic variceal bancl liga- 
tio n  (EVBL) inc lude superficial u lcerations, transien t 
chest đ iscom fort, and, rarely, s tric tu re  íorm ation.

Because of the deeper subm ucosal location  of gastric 
varices, in jec tion  sc lero therapy  and rubber band

ligation  are not usually  effective in con tro lling  acute 
b leed ing  from  gastric varices. The in ịection  of N- 
bu ty l-2-cyanoacrylate tissue glue o r the use of large, 
detachable endoscopic m in isnares has been  show n, in 
sm all, uncon tro lled  trials, to be effective for b leeding 
gastric varices.

B a llo o n  T am p on ad e

The use of the S engstaken—B lakem ore, or M inne
sota, tube for hem ostasis of variceal b leed ing  is based on 
the princip le of the app lica tion  of d irec t p ressu re on the 
b leed ìng  varix  by an  in íìatable (esophageal or gastric) 
balloon íìued  on a ru b b er nasogastric tube. Ii is im por- 
ta n t to no te tha t on ly  physicians experienced  in tbis 
techn ique should  place these tubes. W hen  properly ap- 
plied, balloon tam ponade is successíu l in  achieving im- 
m ediate hem ostasis in  alm ost all cases. Hovvever, early 
reb leed ing  follow ing balloon  decom pression  is high. 
C om plications o f balloon  tam ponade inc lude esopha- 
geal perío ra tion  or ru p tu re , asp ìra tion , and  asphyxia- 
tion  froin upper airw ay obstruc tion . Balloon tam ponade 
is generally  no t recom m endeđ  and  shou ld  largely be 
reserveđ for rescue of cases of hem orrhage uncon tro lled  
by pharm acologic an d  endoscop ic m ethods and  as a 
tem porary  bridge to m ore definitive therapy.

T ran sju gu lar In tr a h e p a ù c  P o r to sy s te m ic  S hu nt

T reatm en t w ith  a transịugu lar in trahepatic  porlo- 
system ic sh u n t (TIPS) consists of the vascular place- 
m en t of an  expandab le  m etal sten t across a tract 
created  betvveen a h ep a tic  vein and  a m ạịor in trahepatic  
b ranch  of the porta l system . T1PS can be successíully  
perform ed in 9 0 —100% of patien ts, resu lting  in hem o- 
dynam ic changes sim ilar to a partially  decom pressìve 
side-to-side portacaval shun t b u t avoid ing  the m orb id- 
ity  and  m orta lity  associa ted  w ith  a m ajo r surgical pro- 
cedure. TIPS as been show n to be effective in  ihe 
trea tm en t of refractory , u n co n tro lled , acuie variceal 
bleeding. Of note, p a tien ts  w ith  advanced liver disease 
and  m ultio rgan  ĩa ilu re  ai the tim e of TIPS have a 30-clay 
n io rta lity  that app roaches 100%.

S u rg ica l T h erap y

Surgery is generally  considered  in  the se tting  of 
co n tinued  h em orrhage  or re c u rre n t early  reb leeding 
(uncon tro lled  by repeated  endoscop ic o r con tinued  
pharm acologic therapy) and w hen T1PS is no t available 
o r technicaliy  feasible. Surgical ọ p tions include po rto - 
system ic sh u n tin g  o r  esophageal stap le transection  
ạlone or w ith  esophagogastric  devascu larìzation  and



sp íenectom y (Sugiura p ro ced u re ). D evascu larization  
p u c e d u re s  may be useful in  patien ts  w ho canno t be 
shun ied  because of sp lan ch n ic  venous th rom bosis. Re- 
gardless of the choice of surgical techn ique , m orb id ity  is 
high an d  the 30-day m o rta lity  íor em ergency  surgery  has 
approached  80% in  som e series. U nderstandab ly , “res- 
cue” liver transp lan ta tion  is n o t a p ractical o p tio n  for 
p aáen ts  w ith  u ncon iro lled  variceal hem orrhage.

PREVENTION OF RECURRENT  
VARICEAL BLEEDING

V aricealhe.m orrhage re c u rs in ap p ro x im a te ly  tw o-th ird s 
o fp a tien ts , m ost com m only  w ith in  the íìrst 6 vveeks after 
the in itia l episode. T his period  o f h igh  risk  can  be sub- 
d iv ided  in to  an early  (íirst 5 days) an d  a late period , w ith  
the h ighest risk  ĩalling  w íth in  the íìrst 5 days from  the 
initial hem orrhage. As m en tioned  prev iously , the r isk  of 
early reb leed ing  is reduced  by the ad ju v an t use of 
o cireo tide  or vapreo tide an d  possibly g lypressin  an d  
so raa to sta tin , p rim arily  in the first 24 to 48 hou rs, 
aftor in iúa l endoscopic or p h an n aco lo g ic  con tro l of 
heinorrhage . Risks lor early reb leed ing  inc lude clinical, 
en iloscopic, and hem odynam ic param ete rs , su ch  as the 
severity  oí the in itial bleed, the  degree o f liver decom - 
pensation , and the presence o f encep h a lo p a th y  and im - 
pairecl renal íunction . E ndoscopic p aram eie rs  pred ic tive 
o f carly reb lecd ing  inc lude the presence o f active bleed- 
ing, sũgm ata  of recen t b leeding, a n d /o r  large varices. 
The severity  of portal h y p erten sio n  corre la tes closely 
vvith the severity  and  risk of reb leed ing  as w ell as ac tu- 
arial probability  of survival fo llow ing an  index  episode. 
In a co h o rt of p a tien ts  p resen tin g  w ith  variceal hem or- 
rhage, those  w ith  an  in itia l HVPG g rea ter th an  20 m raH g 
had a 1-year m ortality  of 64% com parecỉ to 20% for pa- 
tien ts w ith  lesser elevations in  p o ria l p ressure.

G iven the h igh risk  of rec u rrem  h em orrhage  and its  
associated m orb id ity  and  m orta lity , strateg ies aimecl at 
p reven tion  shou ld  be rapidly  in s titu te d  follow ing the 
index ep isode (Fig. 1). The choice of preventive therapy  
shou ld , thereíore, take in to  co n s id era tio n  the efficacy of 
therapy , the side effects of the se lec ted  trea tm en t, the 
p a tien t’s expected  survival, an d  overall cost. P reventa- 
úve slrategies include pharm aco log ic , endoscop ic , and  
suriỊÍcal m ethods.

P h a rm a co lo g ic  T h erap y

R eđucing the portal p ressu re  by m ore th an  20% 
from  the baseline value pharm aco log ica lly  resu lts  in  a 
ređ u c tio n  in the cum ulative p robab ility  of rec u rren t 
b lecd ing  at 1, 2, and  3 years from  28% at 1 year, 
39% at 2 years, an d  66% at 3 years, to 4, 9, an d  9%,
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F1G U R E 1 Relative effectiveness of available iherapies for the 
prevenúon of recurrent variceal bleeding. The eslimates shown 
are bascd on ihe cumulative data available in ihe literature (re- 
current bleeding at 1 year). EVBL, Endoscopic variceal band 
ligalion; TIPS, transjugular inưahepaúc portosyslemic shunl. 
Reproduced with pcrmisslon from Sharara and Rockcy (2001).

respectively. A ĩthough  ad ju stm en t o f m edical therapy  
based on  p o rta l p ressu re  m easurem ent w o u ld  be 
ideal, HVPG d ete rm in a tio n  m ay n o t be readily  available, 
thus iherapy  m u st be ad justed  using  em piric  clin ical 
param eters.

A gents w ith  a íavorable effect on  po rta l p ressu re  in 
hum ans w ith  c irrhosis  inc lude beia-b lockers, n itra tes, 
a2 -ad renerg ic  b lockers, sp irono lac tone , pen tox iíy lline , 
and the venous d ila to r m olsidom ine. H ow ever, the m ost 
w idely used  d rugs and  the only  ones for w h ich  there  is 
suffìcient evidence are the nonselective beta-b lockers 
(w hich  have been  used  w ith  or w ith o u t oral n itra tes). 
Several ran d o m ized  p lacebo -con tro lled  trials, in c lu d in g  
a m eta-analysis, have d em onstra ted  th a t beta-b lockers 
p rev en t reb leed ing  and  p ro long  survival. The m ajo r 
side effects o f beta-b lockers are fatigue, im po tence, 
depression , b radycard ia , hypo tension , and sleep d isor- 
ders. C o n tra in d ica tio n s to therapy  in c lu d e  congestive 
heart ía ilu re, as thm a or ch ron ic  obstruc tive  p u lm onary  
disease, and a trio v en tricu la r heart block.

The ad d ú io n  of isosorb ide m o n o n itra te  to beta- 
b lockers appears to enhance the p ro tec tive  effect of 
beta-b lockers alone for the p rev en tio n  of rec u rren t 
variceal b leed ing , b iu  offers no survival advantage 
and reduces the to lerab ility  of therapy . C om pared  
w ith e ither sc le ro therapy  or endoscop ic b an d  ligation , 
corĩib ination  m edical therapy  is su p e rio r in  red u c in g  the 
risk  o f rec u rre n t b leed ing  in  patien ts w ith  esophageal 
variceal hem orrhage , p rim arily  in  p a tien ts  w iih  C h ild — 
Pugh class A an d  B cirrhosis. N otably, in  p a tien ts  w ho 
show  a significant hem odynam ic response to therapy  
(defm ed as a re d u c tio n  in  the hepatic  venous p ressu re



grad ien l to less than  12 ram H g or m ore than  20% of the 
baseline value), the risk  of recu rren t b leed ing  and  of 
dea th  is signiíicantly  reduced.

E n d o s c o p ic  T herapy

E ndoscop ic therapy has been  estab lished  over the 
past decade as a therapeutic  co rnerstone for p reven tion  
of esophageal variceal rebleeding. G astric varices, how - 
ever, are n o t effectively treated  by sc lero therapv  or 
ligation . P atien ts w ith  recu rren t gastric variceal hem or- 
rhage are best treated  by N -butyl-2-cyanoacrylate injec- 
tion  or by nonendoscop ic  m eans.

S clero therapy  reduces the risk of recu rren t 
esophageal variceal b lced ing  írom  approx im ate ly  65% 
to 3 0 —35% at 1 year, bu t does not appear to im prove 
overall m orta lity . Sclerotherapy is p erío rm eđ  cvery 
10—14 days un til varices are eradicated , usually  after 
fìve or six  sessions. A m eta-analysis of nine Irials íound  
endoscopy  and  beta-b lockers to be equivalen t w ith  re- 
spect lo  the risk of reblecding and survival. M ore- 
over, co m b in atio n  pharm aco therapy  (beta-b lockers 
p lu s iso so rb ide-5 -m onon itra te ) is su p e rìo r to sclero- 
iherapy  alone in patien ts w ith  C h ild—P ugh class A or 
B cirrhosis.

E ndoscop ic  variceal band  ligation is h ighly  effective 
at o b lite raú n g  varices. Ligation is associated  w ith  a 
low er risk  o f recu rren t blecding, com pared  to sclero- 
iherapy  (approxim ately  25 vs. 30% at 1 year), few er 
com plications, reduced  overall cost, and  h igher sur- 
vival. Ligation should , therefore, be considered  Stan
dard  endoscop ic  therapy for secondary  prophylax is. 
As w ith  sc lero therapy , ligation  is perform ed every 10 
to 14 days u n til com plete variceaỉ erad ication , typically  
rcq u irin g  th ree  or four sessions.

C om bination  m odality  approaches, usually  includ- 
ing an  endoscop ic and  pharm acologic trea tm en i, are 
au rac tive  pathophysio log ieally  and may be m ore effec- 
tive th an  single therapy. C om bined  endoscop ic therapy  
and  beta-b lockers redúce recu rren t b leed ing  m ore than  
do beta-b lockers alone (but provide no survival beneíìt). 
A lthough  add ition  of sc lero therapy  to lìga tion  m ay the- 
o retically  offer greater p ro tec tio n  against recu rren t 
b leed ing , th is com bination  has no t been  shovvn to be 
advantageous.

T ra n sju g u la r  In trah ep atic  
P o r to sy s te m ic  S h u n t

T ransjugu lar sh un ting  is m ore effective than  endo- 
scopic therapy  for preventing  variceal reb leed ing  buL 
offers no surviva! beneíìt. The cum ulative risk  of 
rebleecling following TIPS placem ent is 8 —18% at

1 year. The trade-off, hovvever, is that T1PS is associated 
w ith  a h igher inc idence of clinically  sign iíìcan t hepatic  
encephalopathy  (new  or w orsened  portosystem ic en- 
cephalopathy  is n o te d  in ab o u t 25% of patien ts after 
TIPS). A dvanced liver d isease is the m ain  de term in an t 
of po o r ou tcom e follow ing T1PS. C onsequen tly , in pa- 
tien ts w ith  advanced  liver disease, TIPS is best used as a 
bridge to liver tran sp lan ta tio n .

An im p o rtan t co n cern  w ith  TIPS is the developm ent 
of sh u n t stenosis a n d /o r  occlusion  d u e  p rim arily  to 
p seudo in tim al hyperp lasia , w ith  rep o rted  rates of 
31% at 1 year and  47% at 2 years. D opp ler u ltrasound  
exam ination  of the s te n t is rou tinely  p erĩo rm ed  at som e 
cen ters to exam ine b lood  flow and estim ate  the shun t 
patency, bu i has a lovv sensilivity  and  speciíìcúy. Bal- 
loon d ila ta tion  of the stcnosed  sten t o r redep loym en t of 
an o th er m etallic p ro sthes is  is done in case of signiíicant 
stenosis. M anagem ent o f hepatic  encepha lopa thy  and  
sh u n t stenosis m ay resu lt in  signiRcant aííiliated costs 
w hen TIPS is considered . A cost analysis com paring  
TIPS and  endoscop ic  sc le ro lherapy  has suggested no 
dilĩerence in cum ulative  cost desp ite  the low er inci- 
dence of reb leed ing  w ith  T1PS.

S u rg ica l T h erap y

P ortosỵstem íc sh u n t su rgery  is the m ost effective 
m eans bv w hich  to reduce  portal p ressu re . A lthough 
e lĩecúve at e rad ica ting  varices and  p reven ling  reblecd- 
ing, nonselective portacaval sh u n ts  are associated  vvith a 
sign iíìcan t inc idence of hepatic  encephalopathy , p o rta l 
vein th rom bosis , and  occasionally  liver íailure. In con- 
trast, selective sh u n ts  decom press the portal syslem  
w ithou t endangering  po rta l b lood  flow, liver íu n c tio n , 
o r the íeasibilily o f íu tu re  liver transp lan ta tion . Ii is 
im p o rta n t to no te  tha t elective surgical therapy  is largely 
reserved for pa tien ts  w ith  C h ild —P ugh class A disease 
and a p ro p o rtio n  of pa tien ts  w ith  class B disease and  
p reserved  liver íim ction . The choice of surgical th e rap y  
sh o u ld  be ind iv idualized  and m ust be considered  in  the 
co n tex t o f cause and  severity  o f liver disease, p a tìen t 
com pliance, lik e lih o o d  of liver d isease progression , and  
overall prognosis. Surgery m ay be p re íe rred  in p a tien ts  
w ho are no t likely  to be com plian t w ith  m cdical or 
repeated  endoscop ic  the rapy , o r those tha t are no t can- 
d ida tes for liver tran sp lan ta tio n  (e.g., active substance 
abuse, H1V positive).

C om m only  used  sh u n ts  include the d istal 
sp leno renal sh u n t and  the lovv-diam eter (m csocaval 
o r portacaval) in te rp o s iú o n  shun t. Rates of rec u rren t 
b leed ing  are on  the o rd er of 10%, w ith ihe highes.t 
risk  of b leeding o ccu rrin g  in  the  íĩrst m on th  a íte r sur- 
gery. D evascu larization  p ro ced u res  (i.e., esophageal



ư an sec tio n  and gastroesophageal devascu larization ) are 
usually  considered  in p a ú e n ts  w ho canno t undcrgo  
sh u n ts  hecause of sp lan ch n ic  v en o u s th rom bosis and 
shou ld  be p erío rm ed  only by  experienced  surgeons.

COST-COM PARISON OF 
AVAILABLE THERAPIES

Data exam in ing  the cost of variceal b leeding and  the 
cost-effectiveness of com m on ly  used  therap ies are lim - 
ited. The trea tm en i cost o f an  ep isode  of variceal bleed- 
ing has been estim ated  at $ 1 0 ,0 0 0  to $35,000. F u rth e r, 
the cost-effectiveness of d iagnostic  m ethods u sed  to 
gu ide th e rap y  is unclear. F or exam ple , HVPG deierm i- 
nation , w h ich  may accu rate ly  p red ic t pharm acologic 
response to therapy, is an  a ttrac tiv e , a lthough  invasive, 
ad ju n c t in ihe m anagem ent o f  patien ts w ith  variceal 
b leeding, b u t its cost-effectiveness is an open  question . 
F u rth e r, sc reen ing  endoscopv  for d e tec tio n  of largc var- 
ìces, a lthough  recom m endcd , h as  not been dem on- 
stra ted  10 he cosl-effecúve.

Finally, there  are areas in  w h ich  m anagem en t is 
con troversia l and no t s ta n d ard iz ed . For exam ple,

given the righ l expertise , secondary  p ro phy lax is  w ith  
su rg ica l sh u n ts  m ay be m ore eííective than m edica l or 
en d o sco p ic  therapy  in C h ild —P ugh class A patien ts. On 
the o th e r  hand , patien ts w ith  advanced  cirrhosis  are 
often in to le ran t of beta-b lockers— let alone in  com bi- 
n a tion  w ith  n itra tes— and there ío re  the use o f com bi- 
n a lio n  therapy  rem ains con troversial in such  patien ts . 
A rguably , the p re ĩe rred  trea tm en t for such  p a tien ts  is 
early  liver transp lan ta tion . T hereíbre , w hen  ch o o sin g  a 
speciíìc  trea tm en t p lan , the clin ic ian  m ust take in to  
co n s id era tio n  the d irec t costs of hea lth  care u tiliza tio n , 
as w ell as the effìcacy and  m orb id ity  o f therapy . The 
trea tm en t chosen  sh o u lđ  be ta ilo red  to fit the p a t ie n ts  
c lin ical co n d itio n  w hile also tak ing  in to  acco u n t the 
possib ility  tha t the p a l ie n ts  liver disease may p rogress 
an d  th u s necessita te  tran sp lan ta tio n . F u rth e rm o re , the 
cost-effectiveness o f  various trea tm en t m odalities 
shoulcl factor in the cost of failed therapy  (e.g., reb leed- 
ing, sh u n t rev ision) an d  iha t o f trea tm en t-re la ted  com - 
p lica tio n s (encephalopathy , esophageal s tric tu re , etc.). 
T h e rap e u tic  m odalities used in p aù en ts  w ith  acu te 
variceal hem orrhage , or in  prim ary  and secondary  pro- 
phy lax is, are  listed in Table II.

TABLH 11 Efficacy and Cost of T reatm cnt for Prevention of Recurrenl Variceal Blceding in Patients w ith  C irrhosis11

Ircatincni
Charactcristics of 
suitablc paiicnts*

Risk of blceding at
12  monlhs1- (%) Cost at 12  monthsư ($) Comments

Medical iherapy 
(nadolol or 
propranolol and 
isosorbidc 
mononiirate)

Child—Pugh class A or B 
cirrhosis; reduction of 
>20% in HVPG 
with medication; high
degree of compliance

4 -2 5 3000-3700 lncludes cost of HVPG 
determinaũon at 
baseline and at 
1 —2 months of therapy

Endoscopic variceal 
band ligạtion

child—Pugh class A -C  
cirrhosis; compliance 
wúh repeated medical 
therapy

2 0 -30 8500-9500 Estimate based on a mean of
four SESsions untíl varices arc 
oblúerated íollowed by 
diagnostic esophagoscopy 
ai 3 and 1,2 months

Transjugular
intrahepalic
portosystem ic
shunt

Current or lulurc 
candidates Tor 
liver transplaniation

8 - 1 5 12 ,000-15,000 Includes cost ol Doppler 
uhrasonography of shunt 
every 3 months to 
monitor for stenosis OI' 
ocdusion

D is ta l  s p le n o r e n a l  

shunt or 
lo w - d ia m c t c r  

(mesocaval 
or porlocaval) 
in t e r p o s i i io n  

shunt

Child-Pugh c la s s  

A or B; good 
l iv c r  íu n c t io n

5 - 1 0 25,000-40,000 Includes preoperativc 
venous phase arleriography 
and measurement of 
liver volume

11 Data Irom s ha ra ra and Rockey (2001).
'' I IVPG, Hepalit vcnous pressurc gradicm.
‘ T h e  risk  ol' b lccd in g  v a r ic s  w ith  th e s e v e r ity  o f  the l iv e r  d isease .

Cosis represcnt ihc hospital charges, where applicable. The cost of carc for bleeding episod.es is not included.



SUMMARY

G astroesophageal variceal h em orrhage is a com m on and 
d evasta ting  com plication  of porta l h yp erten sio n  and is a 
lead ing  cause of m orbid ity  and  m orta lity  in  patien ts 
w ith  c irrhosis . Because the clinical ou tcom es are poor 
once variceal b leed ing  has occurred , p rim ary  p rophy- 
laxis w ith  beta-b lockers is ind icated  bu t the role of en- 
doscopic liga tion  deserves fu rthe r evaluation . T he 
trea tm en t of acute variceal hem orrhage is a im ed at vol- 
um e resusc ita tion  and ensu ring  hem ostasis w ith phar- 
m acologic agents and  endoscopìc techniques. A hígh 
risk  of reb leed ing  after an  index ep isode m anđaies 
the in s litu d o n  of p reven taúve strategíes. W edge 
p ressu re-gu ided  m edical therapy may be the  preferred  
m ode of secondary  prophy lax is in patien ts w ith  C hU d— 
Pugh class A or B cirrhosis, bu t trea tm en t w ith  a com - 
b in a tio n  o f m ethods is paihophysio log ically  attractive. 
T he choice of therapy  shou ld  be tailo red  to fìt the 
p a tie n t’s clin ical cond ition , risk  ỉactors, and  prognosis.

S ee  A lso  th e  F o llo w in g  A rtic les

Cirrhosis •  Esophageal Strictures •  Hemorrhage • Portal 
Hypertension and Esophageal Varices • Somatostatin • 
Upper Gastrointestinal Bleeding • Upper Gastrointeslinal 
Endoscopy
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Vascular Abnormalities
B r y a n  J. B u r n s  a n d  L a w r e n c e  J. B r a n d t  
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aniỊÍodysplasia (vascular ectasia) M o st co m m o n  vascular  
ab n orm ality  o f  the g a stro in teslin a l tract. B e lieved  to bc  
a cq u ữ ed  w ith  a g in g , rep resen ts the m o st íreq u en t cau se  
o f  rccurrent lo w e r  in te stin a l b le e d in g  in  p erso n s o ld cr  
than  50  years. T h e lik e ly  cau se  is  in te rm itte n t, low -grad e  
o b stru ctio n  o f  the  su b m u co sa l v e in s  at ih e site  w h ere  the 
v e in s  penetrate the m u scu la r  layer o f  ih e co lo n . 

an p iograp h v  R ad iograp h ic  tech n iq u e  by w h ich  b lo o d  v e sse ls  
and  vascular a b n o rm a lit ie s  can  be v isu a lized  fo llo w in g  
inịection of contrast material (dye).

D ir u la fo y ’s  le s io n  Rare ca u se  o f  m assive  g astro in testin a l 
b leed in g; resu lts from  a large artery in  ab n orm ally  c lo se  
c o n ia c t  w ú h  the l in in g  o f  ih e  sto m a ch  o r  sm all in te stin e . 

h e in a n g io m a  V ascular tu m or that can  be íouncì in  the sm all 
iruesLine and colon; considered the second most 
c o m m o n  vascu lar  le s io n  o f  the c o lo n  (a íter a n g iod ysp la -  
sia ). H em a n g io m a s ca n  be classiftcd  in to  tw o  d istin ct  
ty p es, cap illary  h e m a n g io m a s  an d  ca v ern o u s h em a n g io -  
m as. T h ey  can b e c o n ie  very large and p resen t w ith  
g astro in testin a l b leed in g . 

te la n g ie c ta s ia  V ascu lar ab n o rm a lity  o f  sm all v e in s , arteries, 
and cap illaries o f  the g a stro in testìn a l iraci. T he abnorm al 
v e sse ls  can b eco m e  d ila ted , th in , and (ragile, ca u sin g  
gastro in testin a l b le e d in g . T e la n g iecta s ia s are m o st co m -  
m o n ly  se en  in  the  sto m a c h  an d  sm a ll in te stin e  and  tend  
to be m ultip le  rather than s ín g le .

V a s c u l a r  a b n o r m a l i t i e s  a r e  im p o r t a n t  c a u s e s  o f  g a s t r o in -  

t e s ú n a l  b l e c d in g .  T h e y  m a y  b e  s i n g l e  o r  m u l t i p l e ,  o r  p a r t  

o f  a  s y s t e m i c  d i s o r d e r  t h a t  i s  a c q u ir e d  o r  in h e r i t e d .  T h e  

m o s t  c o m m o n l y  o c c u r r i n g  v a s c u la r  l e s i o n s  in  t h e  g a s t r o -  

i n t c s t i n a l  tr a c t  a r e  v a s c u l a r  e c t a s i a ,  g a s t r ic  a n t r a l  v a s c u la r  

ectasia, hereditary hem orrhagic telangiectasia, P ro g res
sive sysiem ic sclerosis, D ieulafoy’s lesion, hem angiom a, 
c a v e r n o u s  h e m a n g io m a  o f  t h e  r e c t u in ,  b lu e  r u b b e r  b l c . i  

n e v u s  s y n d r o m e ,  a n d  K l i p p e l —T r e n a u n a y —W e b e r  

s y n d r o m e .

VASCULAR ECTASIA

Vascular ectasia, also referred I' ;ìs m giodysplasia, is the 
m ost com m on vascular abnoi .nalitv oí the gasưointes- 
tinal (GI) tract and likely represents the most írequent 
cause of recurrent m ạjor lower intestinal bleeding in 
persons older than 50 vears. Vascular ectasias are be- 
lieved to be associaiecl w ith the degenerative changes of 
aging and are not related to other vascular abnorm alities

of the skin or other organs. Although these lesions are 
occasionally seen in the upper GI tract (stom ach and 
small intestine), they are prim arily found in the right 
side of the colon (cecum andascendingcolon). Vascular 
ectasias are found equally in men and women. The le- 
sions are usually m ultiple and tend to be sm aller than
10 mm in diameter.

Approximalely 50% oí patients w ith bleeđing 
ectasias have some degree of cardiac disease. Up to 
25% have been reported to have stenosis of the aortic 
valve, although recent studies have not shown such an 
association. There is even some anecdotal evidence that 
replacem ent of the aortic valve in severe aortic stenosis 
has stopped recurren t gastrointestinal bleeding from 
angiodysplasias. The exact relationship betw een 
ectasias, aortic valve disease, and GI bleeding is still 
inconclusive and needs furlher research. O ther diseases 
have been associated with vascular ectasias, including a 
coagulation disorder (von W illebrand’s disease) and 
chronic renal íailure requiring hem odiaiysis, but 
these associations require coníìrmation.

Pathology

Vascular ectasias are believed to be degenerative 
lesions that are acquired through aging. The likely 
cause is partial, interm ittent, low-grade obstruction of 
the subm ucosal veins at ihe site where the veins pene- 
trate the n u scu la r layer of the colon (Fig. 1). Repeated 
episodes of tlcvated pressure during m uscular contrac- 
tion and distension of the right colon m ay ultim ately 
result in  dilaiation and distortion of the subm ucosal 
vein. W hen resected segments of colon are injected 
with silicone rubber to fill the vascular lesions and 
then viewed under a m icroscope, a dilated, tortuous 
subm ucosal vein is often the earliest abnorm ality 
noted. Later, the venules and capillaries that drain 
into that vein may dilate and extend very close to the 
surface of the colon. Eventually, the sphincter regulat- 
ing flow between the artery and subm ucosal vein be- 
comes destroyed, allowing free flow betw een these 
vessels (arteriovenous íìstula). In the m ost severe le- 
sions, the innerm ost lining of the bowel, the mucosa, 
may ultim ately be replaced by a maze of dilated, 
tragile vascular channels. Despite their com plicated



F IG U R E  1 Vascular eclasia. Proposed concept o f  the developm ent ol vascular eciasias: (A) Nornial 
State o í vein  (v.) pcriorating m uscle layers; (B) w ith m uscular coniraction  or increased intraluminal 
pressure, the vcin  is partiallv obstructcd; (C ) aítcr repealed ep isodes over m any years, thesubm ucosa l 
ve in becom cs dilated and toríuous; (D ) later ihc veins and venules đraining into ihc abnormal 
subm ucosal vein becom e sim ílarly involved; (E) u liim ately ihe capillary ring becom es dilatcd, ihc 
precapillary sphincter hecom es incom petent, and a sm all arieriovenous com m unication  is prcsent 
through the cciasia. From Boley, s . )., Sam m arianc, s. ).. Adam s, A., cl a i  (1 9 7 7 ). On the naturc and 
etio logy o f vascular ectasias of the colon: D egeneralivc lesion s o f aging. G astroentcrology 72 , p. 650, 
with perm ission.

appearance, vascular ectasias are often tiny— smaller 
than a pinhead. Local íactors may play a role in thc 
developm ent of these lesions. For examplc, the greater 
tension in the wall of the right colon and cecum com- 
pared to the rest of the colon may be responsible for the 
increased prevalence ofectasias in that part ofthe colon.

Clinical Presentation

Vascular ectasias manifest onlv through gastrointes- 
tinal bleeding. lncidental ectasias may be seen at 
colonoscopy in 3—6% of healthy, asymptomatic pcople, 
and require no treatm ent given the overall low risk of 
bleeding and the inability to predict who will and who 
will not bleed. Bleeding mav be brisk or occult and the 
clinical presentation varies from overi passage of large 
am ounts of bright red blood per rectum  to iron- 
deficiencv anemia. The majority of paúenis \vith colonic 
lesions present with chronic, low-grade bleeding. A 
quarter of patients may pass dark, tarry stools. A ma- 
jority of the bleeding episodes stop spontaneouslv.

Many patients have multiple hlood transíusions and 
endoscopic procedures before a diagnosis of vascular 
ectasias is made.

D iagnosis

A m ajority of the ectasias are diagnosed bv 
colonoscopv, and because most are located in the 
right colon, it is im portant that the eniire colon be ex- 
amined. The endoscopic appearance of colonic lesions 
can be variable. Most oíten ihey are small in size, have 
scalloped or írondlike edges, and resemble a spicỉer or a 
coral reef. Endoscopic diagnosis, howevcr, is lim iteđ by 
the similar appearance of other vascular lesions and of 
even mÌTior traum a from the colonoscopv. Circulaũng 
blood volum e, ihc patient’s State of hydration, and sed- 
ative m edicatìons (such as m eperidine) also can dinún- 
ish the prominence. of so me vascular ectasias. Blood 
transfusions, intravenous íluids, or adm inistration of 
naloxone (which rapidlv reverses the elĩects of meper- 
idine) may facilitate visualizatíon of these vascular



abnorm aliúes. Color images of these and other lesions 
can be found on-line at several web sites, including the 
GASTROLAB Imagc Gallery (http://w w w .gasirolab. 
nel/paw elcom .htm .). Angiographv may be used to de- 
tect angiodysplasias no t seen at endoscopy or to fmd and 
treat actively bleeding lesions. Knowledge of typical 
angiographic signs enables a m ore speciíĩc diagnosis 
than can be made bv colonoscopv.

Treatment

In m ost patients, bleeding can be controlled wiihout 
surgery eiiher colonoscopically or through an angio- 
graphic caiheter. Endoscopic obliteration treaim ents 
include heater probe, argon plasma coagulation, and, 
less com m only, elecirocoagulation and laser therapy. 
Bleeding may recur in as m any as 50% of patients, 
prom pting íurther therapy. A variety of medications 
inlused though an angiographic catheter can also suc- 
cessỉully stop bleeding, though this is rarely necessary. 
Tho niosl com m only used m edicaúon is vasopressin (a 
poteni constrictor of blood vessels). As a last resort, 
surgical removal of the right colon is used for bleeding 
that does not respond to the above therapies or in cir- 
cum siances in which such therapies are not available.

GASTRIC ANTRAL VASCULAR ECTASIA: 
uWATERMELON STOM ACH”

Ciasiric an trai vascular ectasia (GAVE) is an unusual 
vascular abnorm ality, d istinct from other vascular le- 
sions. 11 has been know n as “w aterm elon stom ach” based 
on its appearance of dilated blood vessels radiating out- 
w ard from the pylorus like spokes from a wheel, and 
resem bling the stripes on the surface of a vvatermelon.

Epidemiology

GAVE is seen com m only in older patients, ihe av- 
erage age being 70 vears. This disorder is more com m on 
in w om en. The cause is unceriain, but it hasbeen  asso- 
ciated vvith certain im m unologic disorders, cirrhosis of 
the liver (especially w hen com plicated by hypertension 
in the portal venous system of the liver), and absence of 
acid production  by the stom ach. No disease association 
has been strong enough to produce insighi into the 
etiology of this disorder.

Patliology

Mìcroscopically, the mucosa of the gasiric antrum  is 
hyp«rtrophied and íolded. The vascular channels are 
located primarily in the subm ucosa and are tortuous, 
dilated, and contain focal throm boses. The lesion is

restricied to the gastric antrum , but may be associated 
w ith other vascular disorders of the stom ach if portal 
hypertension is present.

Clinical Presentation and Diagnosis

Nearly all patients present with iron-deficiency ane-
mia from slow oozing of blood, but patients may also 
present with overt gastrointestinal bleeding. Diagnosis 
is made by the characteristic endoscopy appearance of 
ahernating  red stripes with normal mucosa. Convoluted 
colum ns of ectatic vessels produce the reddish color. 
Angiography has not ỊDroved to be helpíul in the 
điagnosis of these lesions.

Treatment

Medical, endoscopic, and surgical approaches have 
all been utilized in the treatm ent of GAVE. Medical 
therapy is mai nly that of iron replacem ent for anemia. 
E strogen—progesterone com binations have been tried 
w ilh some regression of these lesions, but results have 
not been consistent. GAVE lesions respond to a variety 
of endoscopic modalities, including heater probe, elec- 
trocoagulation, lasers, or argon plasmạ coagulation. 
Surgical resection of the gastric antrum  is curative 
bu t should be considered only for patients for whom 
endoscopic therapy has been unsuccessíul.

HEREDITARY HEMORRHAGIC 
TELANGIECTASIA

A familial disorder associated with m ultisystem  disease, 
hereditary hem orrhagic telangiectasia (HHT), or 
O sler—W eber—Rendu disease, is characterized by re- 
current gastrointestinal bleeding from small vascular 
lesions (lelangiectases) of the skin and m ucous mem- 
branes. It is inherited  in anautosotnal dom inant íashion. 
This disorder usually presents vvi th recurrent nosebleeds 
during childhood, but the t^ ic a l  lesions on the lips and 
tongue may no t be seen untíl later in life. Gastrointes- 
tinal bleeding is rare bcíore age 30 years and has a peak 
incidence in the sixth decade. Bleeding typically im- 
proves during pregnancy. G astrointestinal bleeding 
may be quíte severe and some patients have received 
more than 50 blood transíusions over their lifetime.

Pathology

The major abnorm alities are of small veins (ve- 
nules), small arteries (arterioles), and capillaries. The 
ends of these vessels become dilated, tortuous, and ír- 
regular. The vessels are lined by a single layer of cells 
w ìthout muscle or elastic tissue, so they cannot contract.

http://www.gasirolab


This renders them thin and very íragile and may explain 
why they tend to bleed.

Clinical Presentation

Typical íealures of HHT include a family history in 
u p  t o  8 0 %  o f  p a t i e n t s ,  a s  w e l l  a s  c h a r a c t e r i s t i c  t e la n g i -  

e c t a s ia s  o n  th e  v e r m i l i o n  b o r d e r  o f  th e  l ip s ,  o r a l  a n d  

nasal mucosae, tongue, and nailbeds. These vascular 
lesions may occur in the colon but are more commonly 
s e e n  i n  t h e  s t o m a c h  a n d  s m a l l  b o w e l .  Ít i s  at t h e s e  s i t e s  

where they are more likely to cause signiíìcant bleeding. 
Most patients will pass dark, tarry stools (melena), bui 
vomiting of blood and the passage ol red blood per 
rectum have also been reported. This disease is a 
systemic illness, and lesions are not confined to the 
GI tract. The telangiectasìas may also be found in the 
lungs, brain, and liver. Pulmonary l e s io n s  may allow for 
shunting of pulmonary arterial blood into the cerebral 
circulation, which can have devastating consequences, 
including stroke and brain abscess.

Treatment

The m anagement of GI bleeding Í11 patienis with 
HHT is difficult bccause of ihe multiplicity of lesions. 
Endoscopic ablation may be pcrform ed during a c t iv e  

bleeding or between bleeđing episodes. Oral 
estrogen—progesteronc therapy has also been usecl, 
but its effectiveness is limited. Surgical resection shoulcl 
be reserved for bleeding lesions resistant to endoscopic 
t h e r a p y ,  e s p e c i a l l y  b e c a u s e  r e b l e e c i i n g  from o t h e r  a r e a s  

of the gastrointesúnal tract is common.

PROGRESSIVE SYSTEMIC 
SCLEROSIS (SCLERODERMA)

Telangiectactic vascular lesions are a prom inent feature 
o f  Progressive s y s t e m i c  s c l e r o s i s ,  e s p e c i a l l y  in the 
v a r ia n t  t h a t  h a s  a s  i t  c l i n i c a l  í e a t u r e s  c a l c i n o s i s ,  

Raynaud’s phenom enon, esophageal dvsmotility, 
sclerodactyly, and telangiectasias (CREST). In this 
disorder, the sites most írequently involved are the 
hands, lips, face, and longue, but gastrointestinal bleed- 
ing has been reported from lesions in [he stomach, small 
intestine, and colon. Bleeding ís best treated by 
endoscopic electrocautery or by ablation using laser 
or argon plasma coagulation.

DIEULAFOY’S LESION

Thìs vascular abnormalitv is a rare c a u s e  oí massive 
gastrointestinal bleeding, usualh ’ from the stomach,

bui sometimes from the small or large intestine. It is 
twice as common in m en as in women and presents at a 
mean age of 52 years. This lesion is believed Lo be pres- 
eni in 1-2%  of patients with acute GI hemorrhage.

Pathology

It is generally accepted that the prim arv deíect in a 
Dieulafoy’s lesion is an abnormally large artery running 
through the subm ucosa, or in the some cases the 
mucosa, of the stom ach. The vessel is norm al histolog- 
ically, but does no t undergo the normal decrease in 
caliber as it penetrates from the outer lo ihe inner layers 
of the stomach. As a result, the “caliber-persistent” vessel 
is in close contact w ith the stomach Iìning and may 
cause a small erosion in this lining. This can cause 
the vessel to becom e eroded, vviih resultani massive 
bleeding.

Clinical Presentation

These lesions typically present with profuse upper 
GI hemorrhage w ithout symptoms of ulcer disease. The 
diagno.sis can usually be made by endoscopy, and the 
site of bleeding is usually locaied w ithin 6cm  of 
the ịunction of the esophagus and the sLomaeh. The 
mortalíty rate from bleeding has been high in the past 
but has improved significantly with the advent of ther- 
apeutic endoscopy.

Therapy

Historically, surgery was the only effective way 
to manage Dieulafoy’s lesions, often requiring a 
wedge resection of the entire area. More recently, emer- 
gency endoscopy has been used to localize and treat 
the actively bleeding sìte. A variety of techniques can 
be used to achicve hemostasis, including local inịec- 
tion of vasoconstrictive or sclerosing agents, heater 
probe, electrocoagulaúon, and laser or argon plasma 
coagulation. Most patienis (80%) vvith Dieulafoy’s 
lesions can be m anaged with endoscopic therapy 
alone. Rebleeding from these lesions may occur and, 
thereíbre, patients should be observed closely following 
treatment.

HEMANGIOMA

Hemangiomas are vascular growths ihai can be found in 
boih the small intestine and the colon. Although rare, 
they are considered the second m ost com m on vascular 
lesion o( the colon (aíter vascular ectasias). The lesions 
may he present at birth and enlarge wiih the normal



development of the child. They may be single or mul- 
tiple and can he associated w ith hem angiom as on the 
skin or in other organs.

Pathology

Hemangiomas are often small, ranging from a few 
millimeters to 2 cm, but larger lesions occur, especially 
in the reclum  (see the following discussion on cavern- 
ous hem angìom as of the rectum ). Hemangiomas can be 
classiíìed into two distinct histologìc types, capillary 
hemangiomas and cavernous hem angiom as. Capillary 
hemangiomas are uncom inon and may be found in the 
small intestine and appendix. These reddish-purple le- 
sions are usually solitary and well circum scribed. They 
are made up of tiny vessels, closely packed together into 
clusters separated by very litde connective tissue. In 
contrast, cavernous hem angiom as are most often 
found in the large intestine or rectum  and can be 
quite large, extending up to 20 or 30 cm in length, 
with enough bulk  to encroach on the bowel lumen. 
They also can be w ell-circum scribed and polypoid. 
Histologically, they are seen as num erous dilated, 
irregular, blood-íilled spaces that may extend throagh 
the entire wall of the bowel.

Clinical Presentation

Hemangìomas usually present in young men and 
women in their second decade. Bleeding is usually 
slow, producing anemia or rarely black, tarry, or red 
stools. Cavernous hem angiom as mav present with brisk 
bkeding, and death from exsanguination has occurred. 
Occasionally, large lesions can present w ith bowel ob- 
struction. Diagnosis is best made by endoscopy, because 
X-ray studies, including angiography, írequently 
are normal. Endoscopically, the lesìons appear as 
bright red spots or nodules (capillary heraangiomas) 
or as reddish-purple polyps or m ounds (cavernous 
hemangiomas).

Therapy

Small, solitary hem angiom as can be ablated locally 
by endoscopic techniques. Most larger lesions m ust be 
approached surgically, because even a small endoscopic 
biopsy can result in massive bleeding or perforation. 
Either the hem angiom a alone or the involved segment 
of bowel harboring the vascular grow ih is resected. Al- 
ternative therapies have been used in unresectable cases. 
These include inịection of sclerosing agents, freezing 
m ethods (cryotherapy), and ablation of the arterial sup-

ply to the lesion. In most cases, these techniques have 
been only marginally successĩul.

CAVERNOUS HEM ANGIOMA OF 
THE RECTUM

These lesions are oíten considered separately from  other 
hemangìomas because of their different presentation 
and clinical course. They are often solitary and quite 
extensive in size, involving m uch of the rectum  and 
occasionally the sigmoiđ colon as well. Because of 
their large vascular channels, these lesions may present 
w ith massive rectal bleeding. A soft rnass may be 
detected on digital rectal exam ination. The diagnosis 
can also often be suggested by clues obtained from 
plain X rays of the abdomen. These studies may show 
local calciíìc densities (phleboliths), which form  in the 
dilated sinuses, or a distorted rectal air colum n. Endo- 
scopically, elevated plum-red nodules are seen; ulcers 
and rectal iníỉam m ation may also be present. Local mea- 
sures to conlrol bleeding are only tem porarily eííective. 
Em bolization and surgical ligation of m ajor feeding 
vessels have also been used, but ultimately resection 
of the rectum  may be required.

BLUE RUBBER BLEB NEVUS SYNDROME

The blue rubber bleb nevus syndrom e is a rare disorder 
that manifests as cavernous hem angiom as on the skin 
and in  the gastrointestinal tract. The descriptive name of 
this condition derives from the fact that the blue skin 
lesions have the appearance and íeel of rubber nipples.

Pathology

The lesions are quite distinctive; they are blue and 
raised, ranging from 0.1 to 10 cm in  size, and have a 
w rinkled suríace. A few lo several hundred of these 
lesions can be found on the skin, usually on the 
trunk, extrem ities, and face. They are often present at 
birth or appear during childhood. M icroscopically, the 
lesions are cavernous hem angiom as com posed of di- 
lated capillaries.

Clinical Presentation

Gastrointestinal tract involvem ent w ith hemangio- 
mas of the blue rubber bleb nevus svndrom e is very 
common. Lesions can be found throughout the gastro- 
intestinal tract but are most com m on in the small bowel. 
They usually present with low-grade gastrointestinal 
bleeding. The typical presentation is that of a young 
adult with chronic anemia and the characteristic skin



lesions (characteristic by appearance and by the wrin- 
kled sac they leave on compression).

Therapy

Although barium and angiographic studies have 
both been used to diagnose this disorder, endoscopy 
is the best available modality (although limited in the 
length of small bowel it can visualize). Conservative 
treatm ent w úh iron supplem entalion is usually tried 
in these patients. lf bleeding is signiíìcant and coníĩned 
to one or a few segments of bowel, surgical resection of 
the involved areas may be needed. Endoscopic treat- 
ment with laser therapy has been used but may be 
đangerous if ihe lesion involves the full thickness ol 
the bowel wall. Endoscopic ultrasound is a new tech- 
nique that may help deíìne t.he depth of bowel involve- 
ment prior to therapy.

KLIPPEL-TRENAUNAY—WEBER 
SYNDROME

This syndrome is characterized by three Cardinal £ea- 
lures: a large vascular lesion  (hemangioma) involving a 
lower limb, with varícose veins, and enlargem ent of the 
bones and soft tissues of, the involved limb. Swelling of 
the involved leg is very common. This disorder may 
cause gastrointestinal bleeding from cavernous heman- 
giomas, usually located in the colon or rectum. Vaginal 
hemangiomas may also cause signiíìcant vaginal bleed-

ing. Bleeding may be inild or hea\r)' and is often recur- 
rent. Surgical resection of the involved area of bowel is 
S ta n d a r d , but recently endoscopic laser therapy has 
been tried in several cases vvith good results.
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B!ue R ubber B leb  N e v u s  sy n d ro m e A d iso rd er  c o n s isù n g  ol 
m u ltiío ca l venous m alfo rm atio n s o f the sk in , SOÍL tissues/ 
m u sc le s , g a stro in le s tin a l tract, or a lm o st any organ. 

h cm a n g io m a  B e n ig n  e n d o th e ỉia l tum ors. 
h cred ita rv  h em o rrh a g ic  le la n g ie c ta s ia  A lso  k n o w n  as O sler- 

W eb er-R en d u  d ise a se , vvith a u to so m a l d o m in a n t in h eri-  
tan ce  o f  v a scu la r  m a lío rm a tio n s in m u ltip le  organ 
sv s te m s , in đ u d in g  the lu n g s, brain , an d  gastro ìn testin a l 
tract.

K a p osiíorm  h e m a n g io e n d o th e lio m a  E n d o lh e lia l hyp erp la-
s ia , w h ich  is le s s  d iscr e te  an d  m ore a g g ressiv e  than typical 
h em a n g io m a . It can  be a sso c ia ted  w ith  very Iow p la te le i 
c o u n is  (k n o w n  as K asabach  M erritt p h e n o m e n o n ).  

v a sc u la r  m a lío r m a tio n  A resu lt o f  a b n orm al d ev e lo p m en t o f  
v a scu la r  s ir u c lu r e s . T h ev  are su b c la ss if ied  b ased  on  their  
p red o m in a n t c h a n n e l type (cap illary , v en o u s, lv m p h a lic , 
a rter io v en o u s, e tc .) .

Skin and soít tissue vascular anomalies are relatively com- 
mon in iníants and children, although visceral vascular 
anomalies are m uch  less com mon and often asymptom- 
atic. The nomenclature of vascular anomalies, in general, 
has been misleading and propagates misconceptions that 
often lead to incorrect diagnosis and treatment. Neverlhe- 
less, m ost gastrointestinal vascular anomalies have typi- 
cal clinical presentations, natural histories, and 
endoscopic and radiologic appearances. An understand- 
ing of such pattcrns of presentation facilitates accurate 
diagnosis and appropriate management of these un- 
common lesions.

CLASSIFlCATIO N

Vascular anom alies in childhood are split into two broad 
calegories: tum ors and vascular m alíbrm atìons. Impre- 
cise term inology h ã i been inconsistently applied to a 
variety ofvascular anomalies. A reclassiíìcation, encom- 
passing clinical behavior, cellular kinetics, and physical 
appearance, was proposed by M ulliken and Glowaki in 
1982 and canalso be applìed to visceral lesions (Table I). 
For practical purposes, most of these vascular tumors 
of childhood are hemangiomas, vvhich are benign en- 
dothelìal lum ors. The descriptors “cavernous” or “cap- 
illary" hem angiom a are misleading and unnecessary. 
O íten the lesions described as cavernous hemangỉomas

TABLE 1 Biologic Classification of Vascular Anomalies

T um ors M alíorm ations

C ause: E ndothelial Cause: D vsm orp h ogen esìs vvith
hyperplasia n o r m a l  E n d o t h e l i a l  l u r n o v e r

H em angiom a Capillary
C ongenital hcmangiorna V enous
Kaposíĩorm Lym phatic

h em angioendolhcliom a
Rare íorm s Arterial/arleriovénous

C om plex-com bined

are in fact vascular m alform aúons rather than true hem-
angiomas.

Vascular malform ations result from errors in vascu- 
lar m orphogenesis and are nol tum ors. They are subdi- 
vided ini.0 their predom inani channel type: capillarv, 
venous, lymphatic, arterial, or a com bination of these. 
The suffix ‘-oma” in m odern medical terininology (e.g., 
lymphangioma, cysúc hygroma, and angìoma) often in- 
dicates a neoplastic process with up-regulated cell 
grovvth. These terms should be avoided because they 
m isrepresent the true biology of the nonneoplasdc, qui- 
escent endothelium  in vascular malíormatìons.

HEMANGIOMAS 

Epidemiology and Pathogenesis

Hemangiqma is the most com raon tum or of infancy 
and childhood. It occurs in 4 -1 0 %  of white infants and 
23% of low-birth-weight prem ature iníants weighing 
< 1 2 0 0 g . The incidence In dark-skinned babies is 
low. Most hemangiomas are single, but 20% of affected 
iníants have m ulúple lesions. M ultiple cutaneous tu- 
mors (more than 5) often arise in association with vis- 
ceral lesions [mostly in the líver, gastrointestinal (GI) 
tract, lungs, and brain]. Hemangiomas occur vvith a 
female to male ratio of 3 :1 to 5 : 1. This ratio is higher 
in problem atic tum ors and in rare cases where there are 
associaied structural anomalies. There is also evidence 
suggesting that the risk of hem angiom a is signiíicantly 
higher in offspring of vvomen who undergo chorionic 
villus sampling.



The triggers for hemangiogenesis are not entirely 
clear, although there are hypotheses suggesting a viral 
cause, such as hum an parapox vìrus iníection or genelic 
alteraúon. In a study of monozygotic versus dizygotic 
twins, there was no strong evidence for M endelian in- 
heritance; however, there are rare kindreds that suggest 
íamilial transm ission in an autosomal dom inant pattern 
w ith incom plete penetrance and variable expressivity. A 
putative locus on 5q has been identiíìed in three ĩamilies 
with coexistence of hemangioma and vascular malĩor- 
mation. The m edian age for the appearance of most 
cutaneous hem angiom as Ls 2 vveeks after b írth  (Fig. 1). 
However, approximately one-third to one-half are 
nascent at birth. Hemangiomas evolve through three. 
stages:

1. Proliferation (usually between 0 and 1 year of age), 
characterized by up-regulation of two potent angio- 
genic peptides, vascular endothelial growth factor 
and basic fibroblast growth íactor.

2. The involutìng phase (usually between 1 and 7 years 
of age), characterized by a higher rate of apoptosis 
than m itosis, w ith decreased ìnterferon-P in the over- 
lying epidermis. The rate of regression is unrelated to 
the appearance, site, size of tumor, or ihe gender of 
ihe patient. Involution is complete in 50% of children 
by 5 years and in 70% by 7 years of age, with gradual 
im provem ent until 10—12 years of age.

3. The involuted phase (after 7 years of age), in which 
the hem angiom a may be completely invisible, leave a 
pale fìbrofatty residuum , or lead lo some fme 
lelangiectatic vessels on the overlying skin. 
Lesions that have ulcerated during proliíeration 
leave a scar.

FIGURE 1 Typical cutaneous hem angiom a.

Clinical Manifestations

Hemangiomatosis refers to m ultiple cutaneous arid 
visceral hemangiomas. The liver is the most common 
visceral site involved and can range in presentation from 
tiny, asym ptom atic tum ors found incidentally, to large, 
single or m ultiple tum ors, with or w ithout cardiac com- 
plications. These typically manifest in the first 4 months 
of life wìth hepatomegaly, anemia, and high-output car- 
diac failure. Abdominal com partm ent syndrome can 
occur when the hepatom egaly is so m arked that it Hmits 
diaphragm atic excursion and venous return  to the in- 
íerior vena cava, resulting in respiratory and renal fail- 
ure. Occasionally, the liver hemagioma may invade 
directly into the duodenum  or colon or parasitize its 
blood supply. Symptomatic hemangiomas of the stom- 
ach, small bowel, and colon are rare. W hen detecled, 
they often exhibit diffuse, patchy ìnvolvement and they 
are also often associated with m ultiíocal cutaneous 
lesions.

Radiologic Features

Any iníant w ith more than five cutaneous hemagio- 
mas should be considered for screening by ultrasound 
and/or m agneúc resonance imaging (MRI) to evaluate 
For possible lesions in the liver. D oppler ultrasound of 
the liver som etim es detects a liver hemangioma in its 
early proliíerative phase; lesions may even be detected 
on antenatal ultrasound. The ultrasound can show 
single or m ultiple lesions w ith decreased arterial resis- 
tance, increased venous velocity, and discrete soft tissue 
mass. Sonography is useful in docum eniing tum or re- 
sponse to pharm acologic therapy. On MRI, hemangio- 
mas appear to be solid ússue of interm ediate intensity on 
TI images and m oderate hvperíntensity on T2 images. 
Flow voids are indicators of shunúng (rapid flow) he- 
tween íeeding arteries and dilated draining veins and are 
prom inent around and wìthin the tum or. One should be 
aware that because hoth intrahepatic hemangioma and 
arteriovenous malform ations (AVMs) are fast flow, they 
can often be m istaken for one another. Finally, radio- 
nuclide scanning with technetium  Tc-99m-tagged red 
blood cells can be used to docum ent decp multiple 
hem angiom as in the GI tract.

Treatment

Mosl lesions require no treatment. However, if tbere 
is a threat to life, limb, vital ỉunction, or significant 
tissues, the lesions should be treated pharmacologically. 
The first-line agent is oral prednisone, 2—3 mg/kg/(la\ 
(up to 5 mg/kg/dav for refractorv lesions) for 1 rr Ìth 
followed by a slovv taper over the S’ ’ i IL



5 — 7 months. Rebound grow th afler weaning the dose is 
a com m on phenom enon and the dose may need to be 
lem porarily increased. Small focal lesionscan he treated 
w úh sequential intralesional injecùons of tria- 
m cinolone. Approximately one-third of treated lesions 
undergo rapid involution, one-th ird  stabilize, and one- 
third have no response. The grovvth of the lesions is 
inhibited, probably from the m ild antiangiogenic effect 
of corticosteroids.

For steroid-resistant lesions, treatm ent w ith a more 
potent angiogenesis inhibitor, interíeron a-2b, 2 —3 
m illion unús/rrr/day, can be given subcutaneously. 
The response is typically slower, although most lesions 
respond. Side effects include a low-grade fever in the 
íĩrst 1—2 weeks (which can be m inim ized by pretreat- 
m cnt w ith acetom inophen), transient transam inase el- 
evation, neutropenia, and anem ia (usually mild and not 
requiring  cliscontinuation of the interíeron). The last 
and potentially most serious side effect is spastic diple- 
gia, w hich has been reported in approxim ately 5% of 
iníanis treated w ith interíeron.

G astrointestinal hem angiom as are rare and can be 
single, multilocal, or diffuse inHltrative tum ors. Bleed- 
ing may occur and necessitale repeated transíusions. On 
occasion, local ịesions can be treated with local endo- 
scopic (bancỉ ligation, argon plasm a coagulation, or 
intralesional corticosteroid inịection) or surgical tech- 
nic|ucs (enterotom y). However, one cannot always be 
assurcd llial any endoscopically visualized lesion is the 
only blceding site, as there may be other lesions out of 
reach of the endoscope or colonoscope. In the case oí 
diííuse iníUtrative hem angiom a(s) with life-lhreatening 
hem orrhage, managem ent consists of supportive care 
w ith repeated transíusions, parenteral nu trú ion , 
and  antiangiogenic therapy (to accelerate involution), 
ra ther than surgical resection (as this is usually not 
possible).

For relatively small, asym ptom atic, hepatic lesions, 
sequential physical exam and ultrasound are typical 
m anagem ent. Therapy is typically reserved until there 
is signiíĩcant hepatom egaly or sym ptom s such as con- 
gestive hearl íailure. Initial therapy is w ith systemic 
steroids and second-line therapy is interíeron. If 
sym ptom s worsen or persist, hepatic arteriography 
may be considered. Em bolization is a potential therapy, 
only if there are direct m acrovascular shunts through 
the lesion(s). Chem otherapy with cyclophospham ide or 
vincristine has also occasionally been effecúve for life- 
endangering hepatic hemangiomas. Endoscopic evalu- 
ation is not tvpically needed, bu t may be useful in cases 
w h e r e  t h c r e  is  c o n c e r n  a b o u i  t h e  l i v e r  h e m a n g i o m a  in -  

vading the bowel or its vascular supply. Endoscopy may 
be indicated to coníìrm  and localize the lesion(s), bu t it

is unlikely to be sufficient for hem ostasis of gastrointes- 
linal bleeding if it occurs. Surgical resection of liver 
hem angiom as is almost never indicaied. Liver trans- 
plant is considered only in rare instances w hen the 
tum or is unresponsive lo the aíbrem entioned therapies 
and the patient is in extremis from abdom inal com part- 
m ent syndrom e. In cases of such large lesions, it is cru- 
cial to screen for acquired hypothyroidism , as some 
hemangiomas have been dem onstrated to express 
type 3 iodothyronine deiodinase, which inaclivates 
circulating thyroid horm one. Prior screening for 
congenital hypothyroidism  is generally norm al in these 
individuals and a norm al early thyroid-stim ulating 
horm one does not ensure that hypothyroidisin will 
not develop as a hemangìoma enlarges. Thus, repeated 
testing should be perform ed if the lesion undergoes 
signiíĩcant growth.

Congenital hemangioma is a rare variant in  which 
a lesion is fully grown at b in h  and involutes rapidly, 
usually by 1 year of age. No congenital hem angiom a has 
been reported in ihe gastrointestinal tract.

KAPOSIFORM  
HEM ANGIOENDOTHELIOMAS

Kaposiform hem angioendotbeliom as (KHEs) are gener- 
allv tnuch more aggressive than hem angiom as, although 
ihey follow a sim ilar pattern o( spontaneous ìnvolution. 
They are tnuch less discrete and tend to blencl in dif- 
fusely with the surrounding structures. Both sexes are 
equally affected. Although involvement in a hollow vis- 
cus has not been reported, the torso, relroperitoneal 
structures, and liver may be involved. Kasabach-M erritt 
phenom enon occurs in association with these lesions 
and is characterized by a severe throm bocytopenia (typ- 
ically 2000 to 5000 platelets/m m 3), which places the 
iníant at risk for hem orrhage in various sites, including 
the gastroìntesúnal tract. KHE is clearly differentiated 
from com m on hemangioma via MR1; KHEs have a 
poorly defined tum or margin, extend across tissues, 
and have relatively small vessels. Biopsy is rarely indi- 
cated for a coagulopathic tum or and it is usually too 
diffusely iníìltrative and large to resect. In contrast to 
hem angiom as, interĩeron has been effective only in  50% 
of iníants and no single pharm acologic therapy has 
proven to he consistently effective. Two caveats m ust 
be rem em bered in managing throm bocytopenia in 
these lesions: Platelet transfusion should be avoided 
unless there is active bleeding or a surgical procedure 
is indicated. H eparin should noi be given, as it can sti- 
m ulate tum or growth, platelet trapping, and worsened 
bleeding.



VASCULAR MALPORMATIONS 

Capillary Malformations

Capillary malformations are composed of dilated 
capillary to venular sized vessels, wiih a paucìty of nor- 
mal nerve fibers around these vessels on immunohisto- 
chemical staining. In the skin, thev include port wine 
slains and telangiectasias. It is extremely rare to have 
sym ptom atic capillarv malform ations of the viscera. He- 
reditary hem orrhagic telangiectasia (HHT), also known 
as O sler—W eber—Rendu disease, can present with 
nosebleeds, shunting through pulm onary arteriovenous 
m alĩorm ations, cerebral lesions, and potential gastroin- 
testinal mucosal lesions. The pulm onary complieations 
are usually apparent before the GI maniíestations, and if 
GI bleeding occurs, it is rare beíore adulthood. There are 
rare case reports of HHT associated with ịuvenile 
polyps, w hich are highly vascular and a common source 
of bleeding during childhood. In these cases, the child 
may present with gastrointestinal bleeding from the 
polyps rather than the vascular anomaly.

Venous Malformations

Venous malformations arc the most com mon 
sym ptom aúc vascular anomaly (>f the GI tract in child- 
hood. Mosi patients have only single lesions, though 
some have m ultiple malformations. Most ol these rtial- 
íorm alions are sporadic, allhough genes for severạl rare, 
autosom al dom inant forms havc been identilĩed. They 
have a wide range in size (minisculc to massive) and 
shape (ílat to bulky and am orphous). Grossly, they are 
nonpulsatile, appear deep purple, decompress with 
m anual pressure, and reíìll shortly after release 
(Fig. 2). M icroscopically, they are channels lincd by 
endothelium  but lack sm ooth rauscle. They have also 
been im properly term ed cavernous hemangiomas be- 
cause of their soft, spongy feel and color. Hovvever, 
this term  should nọt be used bccause these lesions 
are not tum ors, do not involute, and do not respond 
to pharm acologic treatment. Venous m allorm aúons of 
the skin and soft tissue are often asvmpiomalic, other 
than being unsightly and sometimes disíìguting. Blood 
can stagnate in the nonlam inar channels and cause a 
local consum ptive coagulopathv. Thrombosis may 
occur, resulting in sudden swelling, firmness, and 
pain. In large lesions, systemic hvpoíibrinogenemia 
and prolonged prothrom bin time may result Irom lactor 
consum ption. Throm bocytopenia is atvpical. Even 
vvithout frank ihrombus, pain can occur đue to conges- 
tion or low-grade throm bosis. Small, palpable phle- 
boliths can form and appear as radiopaque spherical 
densities on radiographic studies. lf prcsent, these

F IG U R E  2 Typical cutaneous venous m alĩorm aũon.

serve as an easy distinguishing íeature of venous mal- 
(brmations from hemangiomas. In (he GI tract, they 
most commonly present with upper or lower, acute 
or chronic, gastrointestinal bleeding. Since GI bleeding 
is not comraon in childhood, it is often not suspected or 
identiRed until the patient is found to be proíoundly 
anenúc. T h is  is highlighted by the fact that c h ild r e n  

independent in toileting may not report a change in 
bovvel habits and if parents notice dark-colored stools, 
they may not appreciate their sigr»ificance. Pain and 
obstruction arc less common presenting svmptoms o[ 
venous m alíorm ations in the gui. They are com m on in 
the liver and spleen (often im properly termed heman- 
giomas) and usuallv asymptomatic.

A single, focal venous m alíorm ation can occur any- 
w here in the gastrointestinal tract, vary in size ( <  1 cm 
to > 2 0 c m  diam eter), and can be mucosal, mural, or 
transm ural (Fig. 3). Endoscopic ulirasound can be 
usecl 10 determ ine the depth of mural involvement, al- 
though the enúrc lesion must be viewed, as thcre can be 
varying depths of involvemenl in different parts of the 
same lesion. Therapeutic endoscopic procedures should 
be performed onlv on superíicial lesions and surgical 
backup should be available for com plications ihat may



F 1G U R E  3  E n d oscop ic  appearance o f  co lon ic  venous  
m alform ation.

arise. Small, muscosal lesions can be eradicated with 
endoscopic band ligation. It'the lesion is not transm ural, 
endoscopic sclerotherapy may also be used, bui is un- 
likely to be sufficient treatm ent of large lesions. Poten- 
tial com plications include períoration  (if unsuspected 
transm ural lesions are treated encloscopically) and in- 
ưavascular m igraúon of sclerosing malerial írom large 
lesions (il ihere are anom alous or large vessels coinm u- 
nicating with the lesion). In such cases, pretreatm ent 
angiography or intralesional irýection of contrast under 
íluoroscopy may be helpíul. Surgical excision is needed 
to eradicate large or iransm ural venous m alíormations.

Blue Rubber Bleb Nevus syndrom e (BRBNS) con- 
s i s i s  o f  m u l t i f o c a l  v e n o u s  m alíorm ations o f  t h e  s k i n ,  

SOÍI tissues/m uscles, gastrointesúnal iract, or almost 
any organ. sk in  lesions vary in size (usually 
3 -.1 5 m m ), are deep blue or purple in color, are flat 
or minimally raised, may be tender to palpation, and 
have a predilection for the trunk , palms, and soles 
Fig. 4). A total body survey w ith delayed imagìng of 

Tc-99m-]abeled red blood cells or scintigraphy using 
single-photon em ission com puted lom ography (for a 
íhree-dim ensional picture) shows pooling of the labeled 
cells w ithin the lesions. Almost all patients have multi- 
ple lesions w ithin the liver. G astrointestinal lesions have 
a n  e n d o s G o p i c a l l y  p a t h o g n o m o n i c  a p p e a r a n c e :  d i s -  

crete, purple berry-like protuberances, several millime- 
ters to centim eters in size, scattered ửom  m outh to anus 
Figs. 5 and 6). Most are broad-based, but some have a 

narrovv pedicle. Typically, there is a broad rim of norm al 
mucớsa encircling the base and extending up  to the

reddish blue apex of the lesion, allhough norm al 
mucosa may also cover the entire mass. Affected patients 
present from earlv iníancy to young adulthood, invari- 
ably w úh chronic GI bleeding (usually consistent black 
stools rather than acute hem orrhage) and anemia. Most 
patients require chronic transfusions, iron replacem ent, 
and erythropoietin. Some patients can also present with 
im ussusceptions or volvulus. Single pharm acologic or 
endoscopic treatm ent studies to date have not yielded 
reproducible, durable efficacy. Therapies that have been 
evaluated include interferon-a, som atostatin, high-dose 
intravenous gammaglobulin, sclerotherapy, band liga- 
tion, and laser photocoagulation. Because most lesions 
are generally in the unexam ined portions of the small 
intestine, endoscopic therapy alone is unlikely to de- 
crease a p a tien ts  transfusion requirem ent. There is one 
report of endoscopic polypectomy with laparoscopic 
assistance to approach small bowel lesions. The au thors’ 
approach to BRBNS is to eradicate all hollow viscus 
venous malform ations using a com bined endoscopic 
and operative approach when a patienl requires re- 
peated transfusions or has reừactory sevére anemia. 
Since BRBNS lesions are congenilal, present at birth 
(though they may be m inute), and expand over time, 
operation is delayed unlil bleeding is signiíicant, in 
hopes that all lesions are “ripe” and can all be eradicated 
in one procedure. Lesions are identified endoscopically 
in the esophagus to duodenurn and rectum  t.0 colon. If 
lesions are superficial, endoscopic band ligation is per- 
lormed. Otherwise, they are surgically excised. Small 
bowel lesions are identiíied via enteroscopy through

F IG U R E  4  Skin lesion s o f the Blue Rubber Bleb N evus 
syndrom e.



F IG U R E  5 Endoscopic appearancc o f  venous m allorm aúons 
of the Blue Rubber Bleb N evus syndrom e.

enterotom ies or by inversion of segmenis ot’ inlestine by 
sequential intussuscepúons through muhiple emero- 
tomies. Small bowel length is preserved by wedge exci- 
sion or ligaúon of lesions rather than circumíercntial 
small bowel resections. Outcom es have been excellent.

Diffuse venous raalíorm ations involve large contig- 
uous sections of bowel and extraintestinal structures 
(such as mesentery, retroperitoneum , pelvis, muscles, 
subcutaneous tissues, and skin). U pper visceral diffuse 
venous m alíorm ations may involve the mesenteric, 
splenic, and portal veins. If the portal vein is anomaỉous,

F IG U R E  6  lntestinal lesion s o( the Blut- Rubber Bleb N cvus 
syndrom e.

one should investigate for presinusoidal hypertension. 
These lesions may be unlreatable, although portal de- 
compression can be helpíul by decreasing intralum enal 
pressure of the malíormation.

Lower visceral diffuse venous malformations can 
extend from the anorectum  proximally. They usually 
are transm ural and extend into the pelvis. They may 
involve the entire colon or ju st the leít side. Imaging 
studies dem onstrate a markedly thickened colon and 
anorectum  with or vvúhout phleboliths. Colonoscopy 
reveals a massively engorged, purple mucosa with con- 
tiguous varix-like projections, which can cause chronic 
bleeding requiring life-long, repealed transfusions. 
However, endoscopic iherapy is íutile in all cases and 
may exacerbate the bleeding. Surgery can involve partial 
colectomy with end colostomy or colectomy with 
anorecial mucosectomy and endorectal coloanal or 
ileoanal pull-through. Full-thickness rectal resection 
should be avoided because there can be uncontrollable 
hemorrhage írorn the extrarectal pelvic venous 
nialforination.

Arteriovenous Malíormations

AVMs are ]iigh-flow lesions between abnorm al ar- 
t e r i e s  a n d  v e i n s  Via m a n y  a n o m a l o u s  C o m m u n i c a t i o n s ,  

vvithout a normal intervening capillary becl. True AVMs 
of the GI tract are rare and many so-named lesions are in 
fact venous malformations. Endoscopically, AVMs in 
the gut appear pulsatile and dem onstrate high ílow 
on endoscopic ultrasound. Embolization of GI AVMs 
generally results in necrosis and Ị3erforalion. Thus, sur- 
gical resection is the only curative therapy for gut lesions 
and presnrgical localization may be períormed by tat- 
tooing during selective arteriography.

Lymphalic Malformations

Lymphatic m alíorm aúons of the GI ưact are un- 
common and mesenteric cvsts may represent lymphaúc 
maKormations of the lacteals. Protein-losing enteropa-
thy and ascites may be seen in association vvith anom- 
alous development of the mesenteric lymphatics, 
cisterna chili, and thoracic duct. Endoscopy is of limiled 
use in diagnosis and therapy.

Complex Combined Vascular Malỉormations

Complex combined vascular m ạlíorm ations result 
from various combinations of anom alous vessel channel 
types. The most common form in the GI tract is ihe 
capillary—lvmphaticovenous m alform aũon of ihe 
Klippel —Trenaunay syndrome (Fig. 7). This syndrome 
is characterized by an enlarged lower extremity at birth.



F IG U R E  7 K lippel—Trcnaunay syndrom e.

a massive distorted foot, and axial overgrowth. Purple 
capillary stains are usually prom inent and lymphatic 
vesicles proirude through the skin. Extension of 
the lcsion in to the pelvis to involve the bowel and 
bladder is no i uncom m on, though some w ith Klippel— 
Trcnaunay syndrom e may have no GI sỵmptoms. On 
eolonoscopy, the appearance of lesions is variecl, 
•sometimes with diííuse purple vascular discoloration 
and varied degrees of m ural thickening. Therapy is 
indicated only for bỉeeding resulting in severe chronic

anem ia or if there is recurrent cellulitis of ihe bu ttock  or 
thigh. These iníections are often dem onstrated to result 
from enteric organisms that translocate directly through 
the abnorm al mucosal barrier in the m alỉbrm ation. 
Therapy may entail partial colectomy with diverting 
colostom y or colectomy with anorectal m ucosectom y 
and coloanal endorectal pull-through.

An appreciation of clinical patterns, accurate no- 
m enclature, associated visible cutaneous lesions, endo- 
scopic appearances, and radiologic findings is im portant 
in the proper diagnosis and treatm ent of vascular anom- 
alies of the gastrointestinal tract.
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Vasculitis
Sa l a h u d d in  K azi

U n iversitv  o f  Texas S o u th w e s te m  M cdical C enter, D allas

a n tin eu tro p h il c y lo p la sm ic  a n lib o d ie s  P ro ie ins d irected  
against cy to p la sm ic  n eu tro p h il a n tigen s su c h  as p rotei-  
nase 3 and m y elop erox id ase; usefu l in Lhe d ia g n o sis  o f  
sm all-v esse l vascu litis.

Jan ew ay  le s io n  P ain less, m acu lar le s io n s  on  the p a lm s and  
so le s , characteristic  o f  in íe c ú v e  en d ocard itis . 

o lig o a r th r it is  F orm  o f arthritis that in v o lv es m ore than one  
but a relatively  sm all nu m b er o f  jo in ts .

O slcr  n o d e  A tender, raised, cu ta n e o u s le s io n , typ ica lly  on  
the [ìnger pads; ch aracteristic  o f in íectiv e  en d ocard iiis .

Vasculitis is defined pathologically as a vessel wall lesion 
characterized by the presence of leukocytes, w ith reactĩve 
damage to m ural vascular structu res resulting  in tissue 
ischem ia and necrosis. Clinically, vasculitis refers to 
syndrom es resulting  from such local, regional, or 
system ic inílam m ation and necrosis of blood vessels. Vas- 
culitis may occur in thc context of a well-defined disease 
such as infective endocarditis (secondary vasculitis) or 
may be idiopathic. Secondary vasculitis is m uch more 
coTnmon than idiopathic vasculitis. D isorders that 
mimic clinical vasculitis include m ultiple cholesterol em- 
boli syndrom e and several occlusive vasculopathic disor- 
ders. H istologically, such d isorders are notable for the 
absence of vasculitic changes. The tenn  “vasculopathy” 
is often applied to such disorders.

CLASSIFICATION

The idiopathic or prim ary systemic vasculitides are a 
heterogeneous group of diseases vvith frequent clinical 
and pathologic overlap. Classitĩcaúon is based on vessel 
size, clinical íeatures, and histology (Table I). Three 
main categories are recognized based on vessel size 
(large, medium, and small) and are íurther subclassifìed 
based on clinical and histologic characteristics.

EPIDEMIOLOGY

Although the causes of vasculitis are largelv unknow n, 
epidemiologic daia have suggesied roles for geographic, 
genetic, and environm ental factors. Giant cell arteritis is 
the most common vasculitis in older indỉviduals from 
North America and Europe. Takayasus arteritis is

predom inantly  seen in individuals from the Far East 
and Southeast Asia. The medium - and small-vessel 
vasculitides (polyarteritis nodosa and microscopic poly- 
angiitis, W egener’s granulom atosis, and C hurg—Strauss 
syndrom e) are all relatively uncom m on. Kawasaki dis- 
ease prim arily occurs in children under the age of 
5 years. H enoch—Schõnlein purpura is the rnost com- 
mon type of vasculitis in children and is relatively 
in írequent in adults. Cutaneous leukocytoclastic vascu- 
litis is relatively com m on and frequently seems to be 
precỉpitated by the use of medications.

ETIOLOGY A N D PATHOGENESIS

The systemic vasculitides are im m une-m ediated inílam- 
matory diseases for which the precise etiology is un- 
clear. These diseases may be ưiggered hy infection, 
with the release of proinílam m atory cytokines and 
up-regulation of leukocyte adhesion molecules in an 
uncontrolled m anner. Several íactors appear lo deter- 
mine the size of vessel involved, the subsequent inílam- 
m atory responses, and systemic m aniĩestations. These 
include ihe nature of the antigen involved, factors 
m odulating endothelial cell activation, and other 
com ponents of the inflammatorv cascades, including 
cytokines, costim ulatory molecules, and intracellular 
activation pạthways. The encl result is d isrup tion  of 
vessel integrity, producing clinical signs and sym ptom s 
of tissue ischemia.

G iant cell arteritis appears to be a T-cell-m ediaied 
disease. M acrophages produce in terleukin-1 , interleu- 
kin-6, and transtorm ing growth factor-Ị3 and often be- 
come organized as m ultinucleated giant cells under 
the iníluence of ìnterỉeron Ỵ. Takayasus arteritis is 
also a granulom alous polyarieritis in vvhich C.D8 
T cells have been identified as the maịor cell type. Sev- 
eral candidate organisms have been associated with 
Kawasaki syndrom e. lt is speculaled ihat toxins may 
act as superantigens. Polyarteritis nodosa is an im m une 
com plex vasculilis and has been reported in associalion 
w úh hepatitis B virus in some cases. W egener's grannlo- 
matosis, m icroscopic polyangiitis, and C hurg—Strauss 
syndrom e have been referred to as the antineutrophil



TABLE I Names and Deíĩnitions of Vasculiiides Adopted by The Chapel Hill Consensus Conference on the 
Nomenclature of Systemic Vasculitis"

N am e D eíìn ition

L arge-vessel v a scu lìtis

Medium-vessel vasculitis

Sm all-vessc l v a scu litis

Giant cell (tem poral) arteritis
G ranulom atous arteritis o f the aorta and its major branches 
w íth a predilection for the exiratranial branches ol the 
carotid arlerv; oftcn involves the tem poral artery; usually  
occurs in paúents older than 50 years and oíten is 
associa led  vvith polym yalgia rheum atica  

Takayasu arteritis
G ranulom aious inflam m ation of the aorta and its major 
branches; usually in patiem s younger than 50 years 

Polyarteritis nodosa (classic polyarteritis nodosa)
N ecrotizing inflam m aũon o f  m edium  or sm all artcries 
w ìthout glom eruloncphritis or vasculitis ìn arteriolcs, 
capillaries, or venules'

Kawasakì disease
Arteritis o f  large, m edium , and sm all arterics associated  
with the m ucocu laneous lym ph node syndrom e; coronarv  
artcries are often involved and aorta and veins may  
be involved; usually octu rs in children

W egener’s  granulom atosis
C ranulom aious inílam m ation involving ihc respiratory 
tract, and n ecrolizing vasculitis a iĩecting  sm all to 
m edium -sized  vessels (e.g ., capillaries, venules, artcriolcs, 
and artcries); n ecro tiã n g  g lom cru lonephriiis is com m on  

C h u rg -S lra u ss syndrom e
E osinophil-rich and granulom alous intlam m ation involving  
ihe respiratory tract, and n ecrolizing vasculitis affecting  
sm all to m edium -sízed vessels; associatcd with 
asthma and eosinophilia  

M icroscopic polyangiitis (m icroscopic polyartcritis)
N ecrotizing vasculiLis, with few or no im m une deposits, 
affecting stnall vessels (i.e ., capillaries, venules, or 
arierioles); necrotizing arteritis involving sm all and 
m edium -sized  arteries may be present; necrotizing  
glom erulonephritis is very com m on and pulm onary  
capillaritis oflen  occurs 

H en och —Schõnlcin  purpura
Vasculitis, vvilh IgA -dom inant im m une deposits, affecting  
small vessels (i.e ., capíỉlaries, venules, or arterioles); 
typically ìnvolves sk in , gut, and glom eruli, and is 
associated w ith  arthralgias or arthritis 

Essential cryoglobulinem ic vasculitis
V asculitis, w ith  cryoglobulin  deposits, affecting sm all 
vessels (i.e ., capillaries, venules, or arterioles), and 
associated with cryoglobulins in serum; skin and 
glom eruli are oflen  involved  

C utaneous leukocytoclasúc vasculú is or glom erulonephritis 
Isolated cutancous leukocytoclastic angiiũs w ithout system ic  
vasculũ is

"Mođitìed from Jennettc et ai. (L994).



cytoplasmic antibody (ANCA)-associated vasculi- 
tides. Ít is thought that the ANCAs play a direct path- 
ogenic role in these disorders. Henoch—Schõnlein 
purpura is an im m une complex vasculitis in which im- 
m unoglobulin A (IgA) is ihe prìncipal component. 
Leukocytođastic vasculitis results from immune 
complex deposition in postcapillarv venules.

CLINICAL FEATURES 

General

The systemic vasculitides are inỉlammatory diseases 
that often result in sim ultaneous tissue ischemia of sev- 
eral organ systems. The associated systemic inílamma- 
tory response is often clinically evidenl as (ever, weight 
loss, and malaise. Gianl cell arteritis may present as a 
íever oí’ unknow n origin in the elderly.

Cutaneous

Leukocytoclastic vasculitis is a reaction pattern 
ihal may be seen in a variety ol vasculitides. W hen 
the skin is the only organ system involved, the term 
“cuianeous leukocytoclastic vasculitis” is assigned. 
Henoch—Schỗnlein purpura typically maniíests as pal- 
pable purpura over the lower extremities. Many other 
vasculiúdescanalso producesim ilarlesions. Inaddition 
lo leukocytoclaslic vasculitis, other cutaneous patterns 
of injury incíude nodules, ulceralion, and bullous 
lesions. Occasionally, digital gangrene occurs from me- 
dium-vessel occlusion. Secondary vasculitides (includ- 
ing cryoglobulinemic vasculitis and immune complex 
vasculitis from  in ỉections such  as infective endocard itis) 
also have prom inent cutaneous iealures. Cryoglobu- 
linemic vasculitis can cause purpura and inĩarcis of 
cool peripheral structures such as the digits, ear 
lobes, and tip of the nose and the penis. Characteristic 
cutaneous lesions from iníectíve endocarditis are re- 
íerred to as O slers nodes and Janeway lesions. Splin- 
terlike hemorrhages in the nail bed are ạlso ừẹquently 
noted in this disorder.

Musculoskeletal

Arthritis is a relatively infrequent in the systemic 
vasculitides. It may involve both large and small joints. 
Common patterns include a svmmetric small-joint 
synovitis of the upper extrem ities (as can occur in 
giant cell arteritis) or an asvmmetric oligoarthritis of 
the large join ts (as may occur in the ANCA-associated 
vasculitides). Muscle involvement may occur in 
polyarteritis nodosa, presenting as myalgia or musclc 
vveakness.

Renal

G lom erulonephritis is characteristic of the 
ANCA-associated small-vessel vasculitides. Ít is nearly 
universal in microscopic polyangiitis, very írequent in 
W egener’s granulomatosis, and can occasionally occur 
in C hurg—Strauss syndrome. It is also Irequeruly seen in 
H enoch—Schõnlein purpura and in cryoglobulinemic 
vasculiús. Clinical manifestations include hematuria, 
proteinuria, rapidly Progressive glom erulonephritis, 
acute nephritic syndrome, and occasionally the nephrn- 
tic syndrome. Hematuria and mild renal insufficienc:y 
are characteristic of H enoch—Schỏnlein purpura, 
whereas rapidly Progressive glom erulonephritis wiih 
m oderate to severe renal insufficiency ừequently occurs 
in W egener’s granulomatosis and microscopic poly- 
angiitis. Poìyarleruis nodosa causes a renal arteriiis 
w ithout glomerulonephritis. Clinically, this presems 
with renal insufficiency, hypertension, and proteinuria.

Gastrointestinal

Gastrointestinal involvement occurs prim arily vvith 
polyarteritìs nodosa and H enoch—Schỗnlcin purpura. 
Polyarteritis nodosa írequently involves the mesenteric 
vasculalure and can cause bowel inlarction, ulceration, 
and bleeding. Involvement of the pancreatic vessels can 
cause acute pancreatitis. it may present as postprandial 
perium bilical pain. Rupture of the m esenteric microan- 
eurysms is a life-threaiening com plication of poly- 
arteritis nodosa. Localized polyarteritis nodosa is not 
uncom m only reported in pathologic specimens from 
patients with acute cholecystitis or appendicitis. Liver 
inílam m ation (hepatitis) is an uncom m on feature of 
idiopathic systemic vasculitis and, when prom inent, 
should suggest a secondary infectious cause ol vasculiús 
such as hepatitis c  virus, with cryoglobulinemic vasc u- 
litis, and the ricketlsial diseases. In children, H enoch— 
Schởnlein purpura ửequently presents with colicky 
abđominal pain and gastrointestinal hemorrhage. 
Some patients experience nausea and vomiling. Hepato- 
megaly, hydrops of the gallbladder, diarrhea, and pan- 
creatitis have all been reported in Kavvasaki svndrome.

Neurologic

Vasculitis of the Central nervous system can OCCU1 as 
an isolated disorder. lt is referred to as prim ary angiitis 
o f  the C e n tr a l nervous S y ste m . I n  giam cell a r t e r i t i s ,  

headache from lemporal artery involvement and blind- 
ness from Central retinal arter)' ischcmia arc relatively 
common. Takayasu’s arteriús may present vvith cerebral 
ischemia. Vasculitis associated with connecúve ússue 
diseases such as systemic lupus erythem atosus and



Sjogren’s syndrom e can also involve the Central nervous 
System. O ther systemic vasculitides more commonly 
ínvolve the peripheral nervous system, often presenting 
as m ononeuritis m ultiplex w ith acute foot drop or wrist 
drop. This is particularly characteristic of polyarteritis 
nodosa and C hurg—Strauss syndrome.

Pulmonary

Involvement of the upper airvvay is characteristic of 
W egener’s granulom atosis, which can involve the 
nasal septum , ears, larynx, and trachea. Subglottic ste- 
nosis is a com inon com plication. Pulm onary inp.ltrates, 
nodules, and cavitary lesions are also írequently noted 
in W egener’s granulom atosis. Pulmonary capillaritis 
presenting as alveolar hem orrhage is characteristic of 
microscopic polyangiitis bu t can also occur with 
W egener’s granulom atosis. C hurg—Strauss syndrom e 
is characterized by aslhma. Pulm onary involveinent 
w ith polyarieritis nodosa is distinctly uncom m on. 
Gi.int cell arteritis may present w ith throat pain and 
coưgh.

Olhcr

Kawasaki disease characteristically involves the co- 
roiiary arteries and, untreaied, can result in coronary 
arierv aneurysms. Epididym o-orchitis can occur in 
polyarterilis nodosa. Eosinophilia is universal in 
C hurg -S trau ss  syndrom e. Ocular m aniíestations in the 
systemic vasculitides include scleritis, uveitis, retinal 
vasculitis, and orbilal pseudotum ors. Ocular disease 
is particularly com m on in W egener’s granulom atosis 
and giant cell arteritis.

D1AGNOSIS

The diagnosis of systemic vasculitis is considered when 
paiients present with the systernic inflammatory 
d isorder associated with rapidly Progressive m ultiorgan 
dy.sfunction. Certain clinical íeatures are very sugges- 
tive ofvasculitis. These include acute renal insufficiency 
w ith an active urinary sediinent, m ononeuriús multi- 
plex, unexplained Central nervous system ischemia, pal- 
pable purpura, and acute pulm onary hem orrhage. In all 
suc h cases, it is im portant to (ìrst consider the secondary 
canses of vasculitis. These include a variety of infectious 
diseases (such as infective endocarditis, rickettsial 
discases, hcpatítis c virus iníection, and hum an immu- 
nodeficiency virus iníection), lymphoproliferative dis- 
orciers (especially hairy cell leukemia), left atrial 
myxoma, and drugs such as ergot alkaloids and cocaine. 
Diỉignostic tests that are helpíul include those that ex- 
cỉude ihe secondarv causes (blood cultures, viral

serology, echocardiography, and urine drug screen) 
and those that suggesi im m une complex íormation 
(rheum atoid íactor and antinuclear antibody) or the 
production  of antineutrophil cytoplasmic antibodies. 
ANCA testing is particularly valuable when small-vessel 
vasculitis presents as a pulm onary—renal syndrome. 
Indirect im m unoíluorescence reveals two characteristic 
patterns: diffuse cytoplasmic immunofluorescence
(c-ANCA) is moderately sensitive and speciíic for active 
W egener’s granulom atosis, and perinuclear immimoílu- 
orescence (p-ANCA) is indicative of microscopic poly- 
angiitis. Most patients w ith W egener’s granulomatosis 
will test positive for antiproteinase 3 antibodies by 
enzym e-linked im m unosorbent assay (ELISA) and the 
m ajority of patìenis with microscopic polyangiitis will 
lest positive for antim yeloperoxidase anúbodies (anti- 
MPOs) by ELISA. ANCA titers may íluctuate vvith 
disease activity and may predict relapse in W egener’s 
granulom atosis.

Ít is im portant to stress that vasculitis is a patholog- 
ical diagnosis and every attem pi should be made to 
obtain a tissue diagnosis. Angiography can be useíul 
w hen obtaining tissue is not feasible (e.g., suspected 
mesenteric or intracranial vasculitis).

THERAPY AND PROGNOSIS

Aggressiveness of therapy of the systemíc vasculitides is 
determ ined by the site, extern, and pace of organ in- 
volvement. D rug-induced leukocytoclastic vasculitis is 
generally a self-limited disease once the offending 
m edication is withdrawn. Occasionally, a shon  
course of oral corticosteroids is necessary. Similarly, 
H enoch—Schõnlein purpura may reso lve spontane- 
ously in the absence of any speciíìc treatm ent. However, 
if renal involvernent is present, therapy is usually indi- 
cated. Some vasculitides, such as giant cell arteritis, 
usually respond to corticosteroids alone. Diseases such 
as polyarteritis nodosa and W egener’s granulomatosis 
typically pose a threat of catastrophic organ damage and 
are usually treated with sim ultaneous adm inistration of 
c o r t i c o s t e r o id s  a n d  c y t o t o x ic  a g e n ts . O n c e  r e m is s io n  is  

obtained, corticosteroids are the íìrst to be w ithdrawn 
followed by the withdrawal of cytotoxic agents. In 
W egener’s granulom atosis, the ANCA titers fall with 
rem ission and may even revert to negative. In some 
cases, a rising ANCA titer predicts clinical relapse.

Early m ortality in the vasculitides is usually from the 
disease or is the result of complications of acute immu- 
nosuppression. Late m ortality usually occurs from com- 
plications of therapy. The prognosis in leukocytoclastic 
vasculitis and giant cell arteritis is excellent, whereas 
diseases such as polyarteritis nodosa and W egener’s



granulomatosis can cause serious morbidity and de- 
creased life expectancy. The 5-year survival of poly- 
arteritis nodosa is 60% a n d  that of W egener's 
granulomatosis is 70%.
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Vasoactive Intestinal Peptide (VIP)
T oan  D. N guyen

U nivcvsily  o f  \Vash ing ton  and  Puget So u n d  VA  H ealth  C are  S ys tem , Sea itlc

n itr ic  o x id e  (N O ) C h em ica l that m ed iates sm o o ih  m u sc le  
relaxaú on  through  acù v a tio n  o f gu an y la ie  cyclase  and  
p rod u ction  o f c y c lic  GMP; vasoactive  in tcstina l p ep tid e  
acts through the sin g le-tran sm etn b ran e nntriuretic pep- 
tide clearance receptor c ,  co u p led  to G ,1 and  Gị2 
proLeins, to a cú vate  en d o th e lia l n itric o x id e  syn th ase , 
w ilh  resu ltanl p ro d u ctio n  o f  NO. 

v a so a c liv e  in te stin a l p e p ú d e  (V IP ) fam ily  VĨP and p ep tid es  
h o m o lo g o u s lo VIP. in c lu d in g  secreú n , g lu ca g o n , PHM 
(a 27 -am in o -a c iđ  p ep tid e  h a v in g  N -term inal h ist id in e  
and C -term inal in e th io n in e ) , p itu itarv adenvlate cyclase-  
a ctivaú ng  p ep tid e (o f  e ith er  27 or 38  am inơ  acid s in 
len g th ), gastric in h ib ilo ry  p ep tid e , g r o u lh  horm one- 
releasin g  factor, an d  h elod erm in .

V P A C | and V PA C 2 SpeciR c, h igh -affin iiy  n iem brane  
receptors for va so a c tiv e  in tesú n a l peptide; b o th  are

G 5-co u p le d  receptors sp a n n in g  the p lasina m em brane  
se v en  lim es.

W D H A  A sy n d ro n ie  o f  w aterỵ diarrhea, h yp ok a lem ia , and  
ach lorh yd ria , associaLed vvith n eu ro en d o cr in e  va so a c liv e  
in te stin a l p ep tid e -se cre tin g  tu m ors (V lP om a); a lso  k n ow n  
as p an erea tic  ch o lera  or V em er-M orrison  svn d rom e.

In 1902, w . Bayliss and E. Starling describecl secretin and 
established the íìcld of endocrinology. In their landmark 
communication to thc Royal Society oíLondon, they noied 
that “ . .. secretin is associated with another bodv with a 
pronounced lowering effect on the blood pressure.” Tliis 
may be the íìrst reĩerence to vasoactive intestinal peptide 
(VIP), identiíìed by s. Said and V. Mutt in 1^70 as a poly- 
pepiide from the small intestinc that induces systemic



vasodilation, hypotension, increased cardiac output, re- 
spiratorv stimulation, and hyperglycemia. VIP is now 
known to have protean biological, physiological, and clin- 
iciil cffects; a Medline search yielded ~10,000 articles 
published with V lPasa keyword. This article will examinc 
tho peptide structure oi VIP, its receptors, cellular action, 
distribution, biological effects, and clinical relcvance.

VASOACTIVE INTESTINAL PEPTIDE: 
PHPTIDE STRUCTURE AND  
HOM OLOGOUS PEPTIDES

Vasoactive intestínal peptide (VIP) is com posed of 28 
amino acid residues and belongs to a íamily of 
hom ologous bioactive pepiides that include PHM (27 
am ino-acid peptide having N -term inal hisúdine and C- 
term inal m cthionine), pituitary adenylate cyclase- 
aciivating prptide (PACAP; of either 27 or 38 amino 
acìds in lengih), secret-in, glucagon, gastric inhibitory 
peptide (GlP), growth horm one-releasing factor 
(GHRF), and heloderm in (Gila m onster venom ) (Fig. 
]). PACAP is a neuropeptide and secretin, glucagon, 
G1P, and GHRH are horm ones. PHM is co-synthesizcd 
wiih V1P (see below).

H um an, covv, pig, goat, dog, and ra t (bul not guinea 
pig) VlPs arc identical, suggesting conservaiion during 
m am m alian evolution. Nonm am m alian VIP (chicken, 
alligator, frog, trout, bowfin, dogfish, cod, and goldtìsh) 
dillers irom ihe human peptide at only four or five 
positions.

Peptide m odeling suggests that VIp exhibits a Cen
tral a-helix  from Val-3 to Asn-24 with random  coiled 
N- and C-iermini. Studies OĨV1P analogues and alarũne 
substitutions suggest that His-1, Val-5, T hr-11 , Arg-14, 
Lys-15, Lys-21, Asn-28, Leu-23, and Ile-26 interact d i-  

rertlv  w ith  VIP receptors.
H um an VIP is synthesized as a precursor protein 

(prepro-VIP) oí 170 amino acids (M W  19,169) contain- 
ing, in addition to VIP, a signal peptide of ~ 2 0  amino

VIP HSDAVFTDNY TRLRKQMAVK KY LN 5ILN

PACAP HSDGIFTDSY SRYRKOMAVK KYLAAVLGKR YKQRVKNKN Ỉ19j

PHM HSDGVFTSDF SKLLGQLSAK KYLESLM [13]

Helodermin HSDAIFTOOY SKLLAKLẠLQ KY LA SILGSS T S P P P [141

Secretin HSDGTFTSEL SRLREGARLO RLLQGLL [101

GHBF YADAIFTSDY RKVLGQLSAR KLLQDIMSQR ... L ( 4 4 ) 18}

Glucagon HSQCTPTSDY SKYLDSRRAQ DVFQWLMNT [6]

GIP YAEf ỈTEISD Y SIAMDDIRQQ DFVNWLL [4]

F IG U R E  1 V1P peptide fami1y. The am ino acid sequcnces of 
huinan V1P and o f  hom ologous peptides are sh ow n . W ith V1P 
serving as rcfercnce, the identical am ino aciđ s are underlined  
and the num ber of identical am ino acids for each peptide is 
givcn in brackt'is.

acids and PHM. As shown in Fig. 1, hum an PHM ex- 
hibits m arkcd homology to VIP (in the rat, substitution 
ot the N-terminal m ethionine hv isoleucine yields PHI); 
its effect is mediated through V1P receptors. In hum ans, 
prepro-VlP mRNA is transcribed from an 8837 bp gene 
that encodes seven exons and six introns and that is 
located on chrom osom e 6q24.

VASOACTIVE INTESTINAL  
PEPTIDE RECEPTORS

This section will examine the rereptors speciíic for VIP 
that medíate the different biologic effects of this peptide. 
A hhough V1P interacts with many receptors with var- 
iable degrees of affinity and speciRcity, only two recep- 
tors w ith high affinity for VIP are ídentified, named 
VPAC] and VPAC^ in 1998. Of the peptides of the 
VIp íamily, PHM also acts through VPAC| and 
VPAC2, since no receptor speciBc for PHM has becn 
identiHed. PACAP also binds to VPACi and VPAC2; it 
also binds with highaffinity to PACi, a receptor wìlh low 
affinity for V1P.

VPACx

Prevíously known as the VIP, VIP), VIP/PACAP 
tvpe II receptor, or PVR2 receptor, VPACi was cxten- 
sively characterized functionally and biochemically in 
the 1980s. It was cloned in 1992 from the rat lung by 
Ishihara et al. and the hum an counierpart was identi- 
fied in  1993 — 1994. The hum an VPAC] contains 460 
amino acids wìth a predicted MW of 51,929 (including 
a signal sequence of 30 amino acids); it exhibits 81% 
amino acid sequence identity with its rat counierpart. 
Paralleling the homology of their ligands, there is 
marked homology between VPACi and the receptors 
for PACAP (PACi), secretin, GHRF, glucagon, parathy- 
roid horm one (PTH), glucagon-like peptidc I, and cal- 
citonin. The hum an chromosomal location of VPAC, is 
3p22. There is no know n splice variant of this receptor.

As illustrated in Fig. 2, hydropathy analysis predicts 
seven transm em brane dom ains, characteristic of 
G-proteìn-coupled receptors, and a large N-terminal 
extracellular dom ain of 114 amino acids (excluding 
ihe signal sequence). Studies of chimeric secretin—VIP 
receptors support a key role for this N-Ierminal domain 
in VIP recognitìon. Similar to other G-protein-coupled 
receptors, the second and third intracellular loops may 
interact with Gs, the G-protein coupled to VPACi, and 
the intracellular C-term inus may mediate receptor de- 
sensitization. There are four polential sites for 
N-glycosylation, one site for cyclic AMP (cAMP)-depen- 
dent phosphorylation, and three sìtes for protein kinase



N-terminal dom ain:

C yto p íasm ic  loops: C -term inal dom ain :
G .-pro tein  interaction P h osph orylation /

d esen sitiza tio n

F IG U R E  2  Predicted structi!if -lí YPAC|. Each am ino acìd is 
r e p r e s e n t e d  a s  a c i r c l e  a n d  Ihe  .ÌIIIMHI n c i d s  o í  t h e  s i g n a l  p c p t i d e ,  

cystcine residues, and poteniial °lvT(r.ylation sitcs arc indicated, 
respectivély, by gray shading, black sliadìng, and a Y Symbol. The 
seven-transm em brane domains ari' characteristic o f  G-protcin- 
coup lcd  receptors. The largc extracellular N-tcrm inus is the do- 
main for VIP recognitìon: thc sccond and third cyioplasm ic loops  
and the cyloplasm ic C-lerminal dom .1111 conlain sites for G s-pro- 
tein inleraction and phosphorylíiiioii/descnsitizaiion. M odiíied  
from G audin et al. ( l c)95). IÌÍOIÌH'1‘1. Biophvs. Res. Cotnmun. 
211 9 0 1 - 9 0 8 .

c  phosphorylaúon. Of the 10 extracellular cysteines, 
ihe residues at positiOTií 'K1, (SÌ, 7Ĩ,  10̂ 5, and 122
in the N-terminal domain an- crucial for VIP binding. 
The Asp-3 of VIP penrtnưe' imo the transmembrane 
region of the receptor, in clost' proximitv to the con- 
served Arg-188 and Lys-]Ọ5 on the second iransmem- 
brane domain.

Functional Studies of VPAC] demonstrate a VlP-bind- 
ing affinity of 0.6 nỉ\í and the íollowing order of pol- 
ency: VIP := PACAP-27 > PaCAP-38 >  helodermin >  
GHRF =  PHM >  secretin. Selective VPACi receptor ago- 
nists include the VIP/GRP hybrid [Lys-15, Arg-16, 
Leu-27]VIP(1—7)GRF(8—27Ì-NH), chicken [Arg-16]- 
secretin (which also activaics ihc secrctin receptor), and 
[Ala-11, -22, -281VIp (>1000-!old discrimination be- 
tween VPACj and VPACi). I.Aceiyl-His-1, D-Phe-2, Lys- 
15 Arg-16]V1P(3—7)GRFí 8 27)-NH, and (N-stearyl, 
norleucine-17)VIP hyhrid arc rcported antagonists of 
VPACi.

Using N orthern blotnnạ. VPACI is localized to 
lung >  prostate >  periphcrai ieukocyte, liver, brain, 
small intestine >  colon. heart. splccn > Ịilacenta, kid- 
ney, thvmus, testis (ciecre.ising .ircler of cxpression). Bv 
receptor autoradiography VTACi isexpressed in many 
epithelial cells, such as h;'p:unc\'tes. mucosal cclls of 
th e  s to m a c h  a n d  C0:;>n a< mar and /o r  d u c t  cells o f  ihe

breast, pancreas, and lung, and glandular cells of the 
thỵroid, prostate, uterus, and adrenal medulla.

v p a c 2
VPAC2, also known as the heloderm in-preíerring 

V1P receptor, VIP2, PACAPR-3, or PVR3 receptor, 
was íĩrst cloned írom  the rat olíactory bulb and its 
hum an counterpart was subsequently identiíìed. Its 
human chrom osom al location is 7q36.3. Hum an 
VPACj contains 438 amino acids (including a putative 
23-amino-acid signal sequence) and exhibits an 86% 
amino acid identity with the rat VPAC}. Homology 
with other receptors was m uch lower: 49% am ino 
acid identity with hum an VPACi and 52% idenũty 
with PACp Similar to VPACj, the predicted structure 
of VPACo includes seven transm em brane dom ains and  a 
large extracellular N-term inal domain. There are 10 
extracellular cysteines, conservecl from VPAC], and 
three potential sites for N-glycosylation.

Binding and ĩunctional studies of VPAC2 show the 
following order of potency: PACAP-38 >  heloder- 
min >  V1P =  PACAP-27. Unlike VPAC,, VPAC, does 
not bind secretin, even at 1 I^M. Ro 25-1553 is 
a highly selective agonist for VPAC2 and may be used 
for bronchodilation.

By receptor radioautography, VPAC2 is found on 
sm ooth muscle cells (e.g., stom ach, blood vessels) 
and on thymic lym phoid cells.

Related Receptors

A protein has been identiíìcd from the hum an jẹju- 
num exhibiting 100% hom ology w úh the 428 C-term i- 
nal am ino acids of VPAC) bu t completely clivergent at 
the N-term inal 67 amino aciđs. This protein does no t 
bind V1P and its íunctional signiíìcance rem aíns to be 
determ ined.

As discussed below, VIP may also interact w ith  
the sìngle-transm em brane natriuretic  peptide clear- 
ance recep to r, coup led  w ith  Gjj o r Gị2 , to s tim u la te  
endothelial nitric oxide syntha.se (eNOS) in sm ooth 
muscle cells.

DISTRIBUTION AN D METABOLISM  

Distribution

V1P is widely distribiưed ín the hum an body, prim a- 
rily vvithin the  n e u r o n s  o f  th e  Central a n d  p e r ip h e r a l  
nervous svsteras. Over the length of the gastrointestinal 
(Gl) tract, it is present in large am ounts in bo th  its 
mucosal and m uscular layers, w ith a trend tow ard 
more abundant pepúde and higher m ucosal/m uscular



peptide ratio in the distal portions of this tract (with 
íoLa 1 increases in ihe proximal duodenum  and right 
colon). V1P is also prcsent in the gallbladder and is 
abundant around sphincters (e.g., lower esophageal 
sphincter. pylorus, and sphincter of od d i).

W ithin the gut vvall, VIP is found in ~2.5%  of 
the neurons of the m yenteric, or Auerbach’s, plexus 
and in ~45%  of the neurons oí the subm ucous, or 
M cissners, plexus. As show n in Fig. 3, VlP-containing 
neurons in the myenteric ganglia project distallv to 
olher mventcric and subtnucous ganglia, to under- 
lying circụlar muscles, and to prevcrtebral ganglia, sug- 
gesting a role for V1P in m ediaúng the descending 
inlúbition of a perislalúc wave. VlP-containing neurons 
in [he subm ucous ganglia projeci lo subm ucous arteri- 
oles and to the mucosa, suggesting addiùonal íunctions 
for this peptide in regulating mucosal Iranspori and 
local bloocl [low.

In the exocrine GI System, V1P is also present in the 
postganglionic cholinergic neurons that innervate glan- 
dular tissues such as subm andibular sa li va ry glands 
and pancreas. In thcse glands, the presence of VIP- 
containing ncrve endings around small hlood vessels,
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PIGURE 3 Organization o( V lP -contain ing ncurons in the GI
tract. V lP-coniaining neurons (show n in black) in the m yehtcric  
and subm ucous ganglia of ihé GI tract and thcir projeclions to 
other ganglia and target cells (sm ooth  m uscles o f ihe bow ci wall, 
subm ucous arieriolcs, and sccretory raucosal cclls) arc depicied, 
For oricntation. Ihe proximal (oral) and disLal (anal) d irectionsare  
shovvn at the top and the d ilícren l layers o f (hc bow el wall are 
shcnvn on the right.

Proximal ^  Distal

acini, and ducts again suggests a vasoregulatory and 
secretory íunctỉon for VIP.

Vasoactive Intestinal Peptide Release 
and Metabolism

As a neurotransm itter, VIP is released f r o m  nerve 
endings (e.g.. following neuronal depolarization) to act 
on adịacent cells. Locally, this VIP is cleared through 
internalizaúon of the V1P—receptor complexes bv the 
target cell. followed bv intracellular degradation. Cell 
surface peptidases may also inactivate VTP, as reported 
for gastric sm ooth musclc membranes.

V]P may also evade local degradaúon to enter the 
vascular coxnpartment. lndeed, V1P plasma concentra- 
tions (systemic basal levels: ~ 2 0 —50 pg/m l; portal 
basal levels: 4 0 —lO O pg/m l) may increase following 
stim ulation of V1P release (e.g., w ith oral lipicỉs or in- 
iravenous calcium, oxytocin, or neostigm ine). The en- 
tire GI tract is the rnain source for circulating VIP. VIP is 
rapidlv cleared from the circulation, vvilh a plasma half- 
life as shori as 1 — 3 min. The maịor contribution oi he- 
patic clearance in this proeess is suggested by the higher 
levels of VIP in the portal (versus systemic) circulation, 
elevated peptide levels in paúents w ith hepatic ĩailure, 
and hepalic exlracúon of labeled VIP injecied into ihe 
portal circulation. In the systemic circulation, VIP is 
extracted by the lung.

BIOLOGIC EFFECTS OF VIP

Because V1P and its receptors are vvidely distributed in 
the GI tract, it has extensive cffccis on the digestive 
sysiem. For over two decades, il has been established 
that VIP stim ulates secretion from epithelial cells and 
relaxes sm ooih muscles; recently, it has also been rec- 
ognized that VỈP m odulates inflam m ation and cellular 
growth and differentiaúon. The cellular m echanism s for 
these actions are illustrated in Fìg. 4.

Stimulation of Secretion

The secretory effect of VIP has been established 
in v i t ro  and in vivo, wíth cultured cells, anim al m o d e l s ,  

and hum an subịects. VIP stim ulates the secretion of 
fluid and electrolytes from the gallbladder, small intes- 
tine, and colon, of EGF and bicarbonate from duodenal 
B runners glands, and of bicarbonate and digeslive en- 
zymes from the exocrine pancreas. In prom oting this 
secretory effect, VIP may act alonc or in concert with 
other agents (e.g., VTP potentiates the secretory effect of 
cholecystokinin on pancreatic acini).

The m echanism  underlying V lP-stim ulated secre- 
tion has been elucidatecl w ith T84 colonocytes and is
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P IG U R E  4  Biologic actions of VIP. The eellu lar m cchanism s 
underlying the biolơgic eíTects o f VIP on secreú on , inílam m alion, 
and sm ooth  m uscle relaxalion are depicted. VPAC| and VPACị, 
high-affm ity VIP receptors; NPR-C, nairiuretic peptide clearance  
receptor; Gs, G ị i , and Gi2, G -protein sublypes m ed iaung ihe eiĩect 
ol ViP; cN O S, endolbelia l nitric o x id e  synthase; NO , nitric oxide; 
PKA, cA M P-dependent protein kinase A; CREB, cAMP regulatory  
elem en t-b in d in gp roiein . M odified from M urthy e ta l. ( Ì9 9 8 ) .A m .  
J. Phỵsiol. 275 , C 1409-C 1416 .

illustrative of VlP-induced secretion in o ther lissues. 
V1P interacts with VPACi, located on the basolateral 
m em brane of these cells, to activate adenylate cyclase 
through Gs. The subsequent increase in intracellular 
cAMP vvill activaie cAM P-dependem pro tein  kinase 
(PKA), prom ote phosphorylation and acúvation of 
the relevant ion transport pathvvays (e.g., basolateral 
cAM P-dependent K+ channel and apical cystic íìbrosis 
transm em brane conductance regulator cr~ channel), 
and induce the secrelìon of electrolytes (prim arily 
c n  and fluid. Agents acting via o ther signaling path- 
ways may potentiate this response, either through cross 
talk between the transduction m echanism s or throu^h 
a c t i v a t i o n  o f  a d d i t i o n a l  i o n  t r a n s p o r t  p a t h w a y s  ( e .g . ,  

Ca21-activated K+ channels).

Smooth Muscle Relaxation

In tissue and animal models, VIP induces the relax- 
ation of sm ooth muscles from the stom ach, small and 
large intestine, GI sphincters, gallbladder, and blood 
vessels. This effect is mediated through tvvo pathways. 
Bv activating the Gs-coupled VPAC2, VlP activates ad- 
enylate cyclase LO prom ote intracellular cAMP produc- 
tion, stim ulate PKA, and activate the proteíns m ediating 
sm ooth muscle relaxation. In addition, V1P may interact 
vvith the natriureúc peptide clearance receptor. coupled 
to G,1 and Gj2, to prom ote Ca2+ inílux and [Ca ], 
increase. The subsequent activation of the Ca2*/

calm odulin-dependent eNOS leads to the generation 
of nitric oxide (NO), NO-dependent activation of 
soluble guanylate cyclase, generation of cGMP, 
activation of cGM P-dependent kinase, and relaxation 
of smooth muscle cells.

In ihe gasiric fundus, NOS and VIP are co-localized 
in the m ajority of myenteric neurons and NO also 
stim ulates the release of V1P írom nerve endings, íurther 
enhancing the interaction betvveen V1P and NO. Con- 
versely, VIP may also stimulate m yenteric neurons to 
release substances that induce sm oolh m uscle contrac- 
tion (e.g.. in guinea pig ileum).

Modulalion of Inflammaúon

VIP suppresses the productìon of many pro-inílam- 
m atory agents by monocytes and macrophages. This 
effect, m ediated through VPACi, occurs via inhibition 
of the transactivation of nuclear [actor kB (NF-kB), a 
pleiotropic iranscription factor that regulates the pro- 
duction of many pro-inílam m aiory agents le.g., lumor 
necrosis íactor a , iĩiierleukin-12 (1L-12), IL-1, 1L-6, 
NO] and chem okines (e.g., 1L-8, RANTES, monocyte 
chem oaltractant protein-1, intracellular adhesion mol- 
ecule-1). In unstim ulated cells, NF-K'B is present in the 
cytosol as a p50/p65 heterodim er, bound to the inhib- 
itor IkB. On Slitnulation, IkB is phosphorylated and 
degraded, allowing NF-kB 10 translocate to the nucleus. 
In the nu tleus, NF-kB prom otes the transcription of 
inílam m atory agents by binding to thc corresponding 
DNA, in concert w ith other transcription Tactors, such 
as the CREB-binding protein (C.BP, where CREB is 
cAMP regulatory elem ent-binding protein) and 
TATA-box-binding protein (TBP).

V1P inhibits NF-kB transactivation at three levels. 
First, through a cAM P-independent pathvvay, V1P in- 
hibits NF-kB nuclear translocation and subsequent 
DNA binding. Second, it induces the phosphoryìation 
of CREB, allowing it to compeíe against p65 for CBP 
binding. Third, it inhibits the phosphorylation of TBP 
and its binding to p65 and the TATA-box. The effects of 
V1P on CBP and IB P are both m ediated through cAMP. 
The signiíìcance of these actions on GI inflammation 
awaits íurther studies.

Effects on Cellular Growth 
and Diffcrcntiation

VIP also appears to m odulate apoptosis and the 
growth and differentiation of neuronal and immune 
cells. It may also prom ote the proliíeraúon of many 
neoplastic cells; VPAC] recepior antagonists have 
been usecl in vi tro  to inhibit tum or growth.



CLINICAL ASPECTS

Vasoactive Intestinal Peptide-Secreting 
Tumors (VlPoma)

In 1958, Vcrner and M orrison íirst described a 
syndrom e of prơfuse, reừactory , and watery diarrhea, 
hypokalem ia, and achlorhydria in association with non- 
p islet cell pancreatic tum ors. Known variously as 
pancreatic cholera, WDHA (for watery diarrhea, hypo- 
kalemia, and achlorhydria), and the VlPoma or Verner- 
M orrison syndrom e, this entity is associated with 
elevated levels of VIP in ihe serum  or corresponding 
tumor.

Pancreatic cholera is the third most conim on man- 
iíestatỉon of pancreatic neuroendocrine tum ors, afler 
hypoglycemia from insulinom as and  peptic sym ptom s 
from gastrinomas. VlPomas account for 2—7% of GI 
ncuroendocrine tum ors and occur with an annual inci- 
dence of 1 in 107 (m ean patient age: 49 years; [emale/ 
male preponderance: 3/1). N inety percent of these tu- 
mors are encountered in  the pancreas, where they usu- 
ally occur as solitary lum ors in ihe body or tail (75% 
of pancreatic cases). N onpancreatic VlPomas occur 
mostly along the autonom ic nervous system  and in 
the adrenat mcdulla. Similar to other GI neuroendocrine 
tum ors, approxim ately 60% of VlPomas are m alignant. 
Most VlPomas also synthesize one or more additional 
neuropeptides (e.g., 39% of VlPomas secrete pancreatic 
polypcpúde).

W hereas the liver and lung normally clear circulat- 
ing VĨP, excessive VIP secreted by tum ors reaches distal 
organs to affect their tunction. Pancreatic cholera, oc- 
curring  in balf of the patients w úh VlPoma, is caused by 
the súm ulation of secretion from intestinal crypt cells, 
m aniíested clìnically as a w atery, secretory, and fasting 
diarrhea associated w ith hypokalem ia írom  fecal K+ 
losses of up to 400 mEq/day. By inhibiúng gastric secre- 
tion, VlPomas also cause achỉorhydria or, tnore com- 
monly, hypochlorhydria. Cross-reactivity between VIP 
and the hepatic glucagon recepior may account for the 
glucose intolerance and the hyperglycemia observed, 
respectively, in 50 and 18% ofaffected patients, whereas 
cross-reactivity with the PTH receptor may induce hyper- 
calcemia in 25 -7 5 %  oípatien ts. Vasodilation prom oted 
by VIP may cause an initial Aushing and rash on the head 
and upper trunk in 20% of VlPoma patients; desensiti- 
zation may subsequently reduce these symptoms.

Even though the VlPoma syndrom e is a well- 
esiablished entity, because of its raritv, il is súll rec- 
ognized only after an average duration of sym ptom s of 
3 years. This diagnosis should  be entertained for cases 
of secretory diarrhea productive of liters of isotonic 
vvatery stools that persist after 2 — 3 days of ỉasting.

The diagnosis is supported by a fasting plasma 
VIP >  200 pg/ml.

VlPomas can be localized by convenúonal and en- 
doscopic u ltrasound, com puted tom ography scanning, 
angiography, and magnetic resonance. Because all neu- 
roendocrine tum ors (except insulinom as) express high- 
affinity som atostatin  receptors, nuclear scanning with 
labeled octreotide, a stable som atostatin analogue, can 
effectively detect tbese tumors. Indeed, the experience 
with gastrinom as, representative of pancreatic neuroen- 
docrine tum ors, suggests that octreotide scanning is the 
single m ost sensitive method for imaging VlPomas, 
equal to all o ther im agingm odalitiescom bined (respec- 
tive sensitivities of 58 and 70% for prim ary and meta- 
static tum ors).

The most e(fective medical treatm em  íor diarrhea is 
octreotide (1 0 0 —150 ng subcutaneous every 8 h ) , 
which acis both  on tum or cells to inhibit the synthesis 
and rclease of VIP and on intestinal crypt cells to inhìbit 
secretion. Because of this đual effect, reduction of diar- 
rhea (rather than norm alization of V1P levels) may be a 
reasonable end-point. Adverse effects from octreotide 
include pain at the si te ofinjection, imbalance ofglucose 
m eiabolism, pancreatic exocrine ínsufficiency with 
stealorrhea, inhibition of gallbladder contraction, and 
gallstone íorm ation.

O ther agents advocated for the treatm ent of this 
syndrome include a 2-adrenergic agonists (e.g., cloni- 
dine and lidam idine), trifluoperazine, indom elhacin, 
lithium , and m etoclopram ide. In addition, strcpto- 
zotocin is a useíul chem otherapeutic agent. An immu- 
noglobulin G against VIP, which hydrolyzes VIP 
in  vi tro,  may also have therapeuúc potential.

For benign VlPomas, surgery after tum or localiza- 
tion will be curative. For m alignant tum ors, surgical 
debulking alone may be helpĩul in 40% of cases.

VIP Scanning

VIP receptors are preseni not only in m any tissue 
types, but also on tum ors derived from these tissues. 
VPACi receptors are expressed by carcinom as of the 
breast, prostate, pancreas, lung, colon, stom ach, liver, 
and bladder, as well as by lym phom as and m eningio- 
mas, w hereas VPAC2 receptors are expressed by 
leiomyomas. VIP receptors can thereíbre be used to 
detect these tum ors. lndeed, in patients with various 
GI cancers (colorectal, pancreatic, gastric, carcinoid tu- 
mors, and insulinom as), m ost prim ary lesions and as- 
sociated m etastases are detected by scintigraphy with 
l21I-VIP. The high quality of the positive scans reílects 
the abundance of VIP receptors on these tum ors relative 
to normal tissue and blood cells, except for the lung



where background V1P uptake is hìgh. The false-nega- 
tive scans are probably caused by the absence of VIP 
receptors or their blockade by endogenous ligands. 
Transient hypotension is the only side effect observed 
w ith VIP scanning. Development of g9Tc-labeled V1P 
may [urther enhance this scanning technique.

Vasoactive Intestinal Peptide in Cirrhosis

Because V1P is exưacted by the liver and induces 
vasodilation, it has been posiulated thai, in cirrhosis, 
hepaticclearance ofV IPisim paiređ,allow ing VIP to pro- 
duce some of the đ rcu latory  disturbanccs associated 
with this condition. In animal modcls and patients with 
cirrhosis, signiíìcanl, but m odest, increases in plasma 
V1P concentrations are observed. However, the circula- 
tory effects of these increased V1P levels may be rnini- 
mized by a blunted cardiovascular response. Indeed, 
although VIP iníusion increased the portal tributary 
blood flow in normal rats, i t  did not affect any h e m o  
dynam ic param eter in rats w iih cirrhosis caused by bile 
duct ligation.

SUMMARY AND CONCLUSION

Following its discovery in 1970, it was soon recognized 
thai VIP stim ulates epithelial cell secretion as well as 
sm ooth muscle cell relaxation and that VlP-producing 
tuinors can cause a syndrome of watery diarrhea, hypo- 
kalemia, and achlorhydria. Additional roles for V1P in 
m odulating inílammaiion, im m une response, and cel- 
lular grow th and diíĩerentiation are also being clariíìed. 
Furtherm ore, scintigraphy with radiolabeleđ VIP is 
beìng developed as a tool to detect GI tum ors and clar- 
ifying the structure of V1P receptors and understanding 
their in teraction with VIP will facililate the design of 
benelĩcial agonists and antagonists. The relevance of 
V1P to GI physiology and pathophysiology is thereíore 
continually expanding.
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m u ltip le  e n d o c r in e  n eo p la sia  ty p e  1 An a u lo so m a l d om -  
in a n llv  in h er itcd  d isord er a sso c ia ted  vvilh en d o cr in e  
tum ors ol' ih e  p arathvroid , p itu itary , an d  en d o cr in e  
p ancreas, as w ell as in so in e  p a tie n is  w ith  tum ors o f  
oiher endocrine glands and skin maniíestations. 

non -b eta  is le i  c c ll U im ors P an crea tic  en đ o cr in e  tum ors  
arising Irom c e lls  o lh er  than th e  in su lin -p r o d u c in g  beta  
c c lls  o f  the islets o f  L angerhans. 

vipoma An endocrine tumor, usuallv of the pancteãs, that 
p ro d u ces va so a c tiv e  in testina l p ep tid e .

Vipomas are rare tum ors, w ith an  annual incidcnce of 
1 p cr  2 m i l l io n  o r  le s s .  T h e y  are d e r iv e d  ír o m  n e u r o e n d o -  

crine cclls that produce and secretc vasoactive intestinal 
p o ly p c p t id e  (V 1P ). M ost ( 8 0 —9 0 % ) v ip o m a s  a r is e  in  ih e  

pancreas, are large (several cen tim eters), and are solitary. 
Rarely, thcy may arise from in testinal neuroendocrinc 
tuinors, bronchial carcinom as, pheochrom ocytom as, 
ganglioneurom as, or ganglioneuroblastom as. A sm all per- 
c e n t a g e  o f v i p o m a s  a r e  a s s o c ia t e d  with m u l l i p l e  e n d o c r in e  

nccplasia typt’ 1 (M EN-l) syndrom e, vvith prior, coexis- 
tent, or subsequcnt developm ent of hyperparathyroidism , 
pituitary tumors. adrenal tumors, and/or thyroid tumors. 
T h e  m ạ jo r ity  o f  v ip o m a s  are m a lig n a n t .

Unlike m ost pancreatic tum ors, vipom as do not usu- 
ally cau.se sym ptom s despitc the ir location in the pan- 
creas. Thus, sym ptom s associated w ith  o ther pancreatic 
tumors, such as pain in the epigastrium or back, nausea, 
v o m it in g , a n d  ja u n d ic e ,  are c o n s p ic u o u s ly  a b s e n t  in  th e se  
patients. Instead, sym ptom s in patien ts w ith vipom as de- 
rive from the actions of exccssive am ounts o f VIP rcleased 
into the portal circulation and u ltim ately  into the system ic 
tirculation .

PHYSIOLOGY

Vasoacúve intesúnal peptìde (V1P) is a polypeptide with 
siructural homologies to other peptid.es such as gluca- 
gon and secreú n . Though originally dcscribed as a va- 
soactive intestinal-derived peptide that inhìbits gastric 
acid secretion, VIP under physiologic conditions is pro- 
duced m ainlv by enteric or Central nervous system  neu- 
rons and thus 'is a neuropeptide. The physiologic effects 
of VIP acting as a neuropeptide in the gut and the brain 
are not completely understood. although current

evidence suggests that VIp acts in the gui as an inhib- 
itory neurotransm itter that induces sm ooth muscle re- 
laxation. Forexarnple, VIP inpostganglionicesophageal 
neurons has been proposed to be the noncholinergic, 
nonadrenergic neurotransm itter that relaxes the lower 
esophageal sphincter, although nitric oxide has also 
been suggesied to plav this role. V1P is also a potent 
vasodilaior.

CLINICAL FEATURES

Non-beta islet cell tum ors of the pancreas may produce 
large am ounts of peptides normally produced in Lhe 
pancreas, such as glucagon and som atostaún, or pep- 
tides not normallỵ produced in the pancrealic islets, 
such as gastrin or VIp. Vipomas are also called Verner- 
M orrison syndrom e or the watery diarrhea hypokalem ia 
hypochlorhydriasyndrom e, the la tterofw hichdescrỉbes 
some of the C ard in a l íeatures of the disease. V1P, like 
cholera loxin and the heat-labile toxin of E sc h e r ic h ia  
co li ,  activates adenylate cyclase and increases concen- 
trations ol cyclic AMP within intestinal epỉthelial cells, 
and this increase has the effect of blocking NaCl absorp- 
tion by these enterocytes. In addition, high concentra- 
tions of VIP, like the above-m entioned bacterial toxins, 
can stim ulate intestinal chloride secretion. The conse- 
quence of reduced salt absorptìon and chloride secre- 
tion by the gut is a watery (nonbloody) diarrhea that 
contains large am ounts of potassium  and bicarbonate. 
The diarrhea in paiients w ith vipomas can be prodigious 
and lead to life-threatening volume dehydration, hypo- 
tension or shock, hypokalemia, hyperchlorem ic meta- 
bolic acidosis, and hyponatrem ia. ĩn íact, vipoma is 
som etim es reĩerred to as pancrealic cholera syndrom e 
because of its similarities to cholera. Classically, diar- 
rhea in vipom a patients continues even when the patient 
fasts, although ĩeeding can exacerbate the diarrhea due 
to the additional ũuid  and electrolytes entering the gut 
with a meal. O ther sym ptom s (besides diarrhea) man- 
i f e s t e d  b y  s o m e  p a t ie n t s  w it h  v ip o m a  in c lu d e  w e ig h t  

loss, abdom inal cramps, and ílushing; the last sym ptom  
is a consequence of the vasoactive properúes of V1P. 
Although hígh circulating levels of VIP also reduce 
gastric acid secretion in manv of these patients, ihis



typically has no clinical consequences. Hypercalcemia 
and/or hyperglycemia may also be present in up to half 
of patients with vipomas.

DIAGNOSIS

Diagnosis of vipomas is difficult due to the rarity of the 
syndrome and many diseases that can produce chronic 
diarrhea. Furtherm ore, radioimmunoassay measure- 
ment of plasma VIP levels is períorm ed only in certain 
specialized laboratories. One suggested approach is to 
measure the plasma VIP level in a reíerence laboratory 
only after an exhausúve search for other, more common 
causes of chronic diarrhea has been made (e.g., celiac 
sprue, C rohn’s disease, laxative abuse). lf plasma VIP is 
elevated (>190 pg/m l in mosi laboratories), a search for 
a tum or should be initiated since the test is highly spe- 
ciíìc. Assav sensitivity is íairly high (close to 90%), so 
repeating ihe test for V1P levels, if normal, has a finite 
but low utilily. Probably the mosL useful test for local- 
izing the tumor is endoscopic ultrasonography, but this 
test is invasive and expensive and requires considerable 
technical expertise. Radioactive scintigraphy using la- 
beled octreotide is rnore widely available and is nonin- 
vasive. Abdominal com puted tomography (CT) scan is 
also a good initial test because it is noninvasive and 
vvidely available. Most vipomas are large and thereíore 
are evident on CT scan.

STAGING AND THERAPY

Once the diagnosis of vipoma has been established, the 
extent of the lum or should be addressed. If there is evi- 
dence of spread to the liver, which occurs at the time of 
dìagnosis in approxim ately 40—80% of cases, palliative 
therapy of the patien ts symptoms caused by the tum or is 
indicated. Palliative therapy to control symptoms pri- 
marily consists of long-acting somaiostatin analogues

that effectively control the diarrhea in most patients. 
Glucocorticoids may be effective if the patient fails 
to respond to a som atostatin analogue. There is some 
evidence that chem otherapy with a varietv of agents 
in c lu d in g  strep tozotocin , adriam ycin, 5-fluorouracil, 
interferon-a, and etoposicle may beneíĩt a few patients. 
Furtherm ore, liver transplantation has been utilized to 
treat metastatic disease to the liver reỉractory to systemic 
chem otherapy.

If there is no evidence of spread of the tumor beyond 
the pancreas on CT scan and/or endoscopic ultrasonog- 
raphy, or on ly  to local lym ph n od es w ith in  the projected  
resecúon specimen, the patient should be referred to an 
experienced pancreatic or gastroìntestinal surgeon for 
an attem pt at cure. Cure of vipoma is possible in ap- 
proxim ately one-third of patients reíerred for surgery.
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a đ en o m a to u s p o ly p  H is lo lo g ic  type o f  co lo n  p o ly p  that Kas 
an in creased  risk o í b eco m in g  m align an t; m ay n o t be 
a sso c ia ied  w ith  sy m p to m s, b u t m ay ca u se  b le e d in g  
lea d in g  to anem ia. 

co m p u ic r -a id ed  d e te c lio n  U se  o f  soft\vare to a sse ss  and  
loca te  arcas Cif co n ccrn  in sc a n n ed  im a g es, a lertin g  a 
ra d io lo g ist to  eva lu a le  an area thai m ay rep resen t a 
p o te n tia l le s io n . C om p u ters co u ld  be tra in ed  10 an a lvze  
iin ages and  mark areas o f  c o n c e r n , a c t in g  as a se co n d  
observer.

m u lt id e te c to r  C T  sc a n n er  Nevvest tech n o lo g ic a l ad va n ce  in  
C o m p u t e r  t o m o g r a p h y  s c a n n e r s ,  w i t h  m u ltip le  ( 4 ,  8 ,  1 6 ,  

01' 32 ) d e ie c io r  ro w s, a llo w in g  íle x ib ility  in s líce  
ih ic k n e ss  and faster sc a n n in g  ab ilily . T h in n er  s lic e s  
in creạse  (liagn ostic  ab ility  and m ay be u sed  as ih e  so u rc e  
data ĩor a broad range o ĩ  th r ee -d im en sìo n a l a p p lica tio n s .

V ir tu a l c o lo n o s c o p y ,  o r  Computer to m o g r a p h y  
colonography, is an imaging technique that combines 
vpluinetrically acquired helical Computer tomography 
SCilll diỉla with advanceđ graphical software to create 
two- and ihree-dimensional vievvs of the colon. This min- 
inially invasive technique is a potential new tool for co- 
lorectal cancer screening and, compared to conventional 
colonoscopy, it may be more easily lolerated by patients.

INTRO DUCTIO N

The maịority of colorectal cancers arise from precursor 
adenom atous polyps. Detection and removal of these 
polyps while they are still benign can decrease the in- 
cúience oí colorectal cancer. C urren t tools used for co- 
lorectal cancer screening include the fecal occult blood 
test (FOBT), Aexible sigmoidoscopy, air contrast bar- 
ium  enema, a n d  colonoscopy. Fecal occult blood testing 
is vvidely available and is the least expcnsive test but has 
been found to prevent the fewest cancers because of 
suboptim al accuracy. Colonoscopy is very sensitive 
for detecting polyps and cancers, but is the most inva- 
s i v e  and expensive. C om puted toraography (CT) 
c o lo n o g r a p h v  p r o m is e s  to  c h a n g e  th e  w a y  th a t  c o lo r e c -  

tal cancer screening is períorm ed. Perĩorm ance studies 
h a  v e  í o u n d  ihat V ir tu a l  c o l o n o s c o p y  h a s  s i m i l a r  s e n s i -  

tivity to conventional colonoscopy for the detection of

clinically signiíìcant polyps (those m easuring lO m m  or 
larger).

CT TECHNIQUE

Bowel cleansing is períorm ed prior 10 the CT Sludy 
because colonic segments containing resìdual stool or 
íluid will be poorly evaluated. Patients are required to 
ingest eúher an electrolyte lavage solution or saline 
cathartíc starting the day beíore the CT scan. Oral intake 
is also lim ited to clear liquids or a low-residue diei on 
the day beíore the procedure. Colonic distension is ob- 
tained by placem ent of asm all rectal tube and retrograde 
instillaúon of air or carbon dioxide. Compared 10 air, 
carbon dioxide is resorbed more rapidly through the 
colonic wall and may thereíore be more comíortable 
for palients. The use of intravenous glucagon as an an- 
tispasmodic agem is controversial and is no longer em- 
ployed by some investigators, who have noi lound a 
clear beneíìt.

Patients are scanned in two positions, typically su- 
pine and prone. Segments of the colon that are poorly 
evaluated in one position due to inadequate distension 
or resìdual material may be viewed in the opposing 
position, which often improves distension or uncovers 
areas due to shifting of residual material. M ultidetector 
CT scanners can scan the entire colon is less than 20 
seconds in each position. Low-dose radiation CT pro- 
tocols are used w ith thin slice thickness. The acquired 
CT data are then transỉerred to a Computer workstation, 
where the radiologist interprets the study. Two- and 
three-dim ensional views are used in an integrated ap- 
proach to detect polyps and cancer (Fig. 1). The three- 
dimensional images of the inside of the colon may be 
viewed as a movie loop and have an appearance similar 
to w hat is seen on an actual colonoscopy. Most radiol- 
ogists use enlarged axial images for prim ary ínterpreta- 
tion and will correlate with the three-dimensional 
endolum inal views only for problem  solving, which 
has been found to decrease interpretation times from 
40 minutes down to about 15 minutes. Areas of the 
colon with poor cleansing or suboplim al distension 
will limit the diagnostic ability of the CT (Fig. 2).



F IG U R E  1 (A) Enlarged axial view  o f the ascending colon , show ing  a polyp located a long the posterior wall. (B) Three
d im ensional endolum inal view dem onstrates the appearance oi’ the sarae ascending colon  polyp.

PERFORMANCE DATA

C urreni studies to date havt' íoưnd that C.T colono- 
graphy has a sensitivity range of 83—100% and a spec- 
iíìcity range of 93—100% for the detection of polyps 
10 mm or larger when using a per patient matching 
scheme. W hen each polyp found on V i r t u a l  colonoscopy 
is m atched vvith each polvp found on colonoscopv, the 
per polyp sensitivity range is 75 — 100% for the detection

F1G Ư R E  2  Appearance of an area o f collapse on the ihree- 
d iinensional endolum inal vievv. Tliis imagery may sim ulate a car- 
cinom a and m ust be correlated w ilh the tw o-dim cnsional ìmages.

of polyps lO m m  or larger. CT colonography has been 
found to have low sensìtivity for sm all polyps (less than 
5 mm) and for ílai lesions. The m ạjority of published 
sludies have been períòrm ed using single-detector CT 
scanners and in high-risk orsym ptom aúc patìents. Con- 
íìrmatory peiTormance studies need to be performcd 
using m ultidetector CT scanners and in asymptomaiic 
or screening patients.

CT colonography can evaluaie the proximal colon 
when fiber-optic colonoscopy is unsuccessĩul due to a 
distal obstructing lesion or colonic tortuosity. CT colo- 
nographv is an excellent alternative test in patients who 
have contraindicaúons for conventional colonoscopy.

ADVANTAGES OF CT COLONOGRAPHY

Colonoscopy has traditionally been considered the 
“gold Standard” for evaluation of the colon. CT 
colonography is also a total colon exam inaúon tech- 
nique (Fig. 3) and offers several advantages compared 
with traditional colonoscopy. CT colonography is a less 
invasive exam ination compared with colonoscopy and 
there is no need for intravenous sedaúon. The toial 
procedurc time íor CT colonography ís very short, 
taking less than 10 m inutes tor Setup and complcte 
scanning in two positions. In addition to being able 
to examine porlions of the colon not seen when 
colonoscopy is unsuccẹssíul, CT colonography can 
more accnrately localize a lesion to a particular segment. 
CT colonography also has the ability to detect pathologv

ỉmooth



FIGURE 3  T hree-dim ensional external view  o f the cniire 
co lon  in a paticnt w ith  diffuse d iverticu losis.

outside ot the colon and can screen the rem ainder of the 
abdomen and pelvis withoui additional radìation.

LIMITATIONS OF CT COLONOGRAPHY

Patienis are still required to restrict their diet and un- 
clergo a bovvel cleansing regimen prior to the CT study, 
similar to colonoscọpy, and this can be diííìcult to com- 
pleie or may be perceived as an unpleasant experience. 
Paiients may experience abdom inal discom íort because 
oi a distended colon during and im m ediately after the 
CT examination. The diagnostic ability ol CT 
colonography exam inations is dependent on adequate 
disiension and cleansing of the colon. Therefore, detec- 
tion rales are lim ited in the setting of suboptim al dis- 
tension or poor colonic cleansing. Although CT 
colonography has excellent ability to detect large polyps 
and cancer, ìt has poor sensitivity for the detection of 
small polvps and Ilat lesions.

Radiologists need additional training to in terpret CT 
colonography studies. Although the axial images are 
familiar to radiologists, the endoscopic view is a new 
visualization lechnique that requires training. A stan- 
dardized cost needs to be established for CT 
colonography; the cost must be significantly lower than 
colonoscopv in order to make this technìque available

to the greatest num ber of patients ior colorectal cancer 
screening.

FUTURE DIRECTIONS

Areas of rcsearcb include ihe evaluation of alternative 
displays that allovv the radiologist to view larger areas 
o f  t h e  c ọ l o n i c  s u r f a c e  at o n e  t ir a e .  A  “V ir tu a l  p a t h o ì o g y ” 

view splits the colon along its longitudinal axis, opening 
the colon so that it may be inspected like a surgica! 
pathologic specimen. Maplike projections of ihe 
colon are also under investlgalion. The accuracy of 
thcse novel visualization m ethods needs to be deter- 
mined. Com puter-aided detecùon (CAD) of colorectal 
lesions is also being studied as a wav to shorten inter- 
p r e t a t i o n  t i m e s .  A u t o m a t e d  p o l y p  d e t e c t i o n  C o m p u t e r  

software is under development. The applicable Com
puter algorithms are based on the differences in curva- 
ture between polyps and folds or stool.

Fecal and íluid taggingprotocoỉs are being evaluated 
as a way 10  eliminate the need for cathartic bowel cleans- 
ing. Patients ingest posítive oral contrast that tags re- 
sidual material in the colon. This can then be com bined 
w i t h  s p e c i í i c  C o m p u t e r  s o f t w a r e  t h a t  c a n  e l e c t r o n i c a l l y  

subiract the labeled material, leaving the colon etíee- 
tively cleansed.
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Vitamin A: Absorption, Metabolism, 
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p ro v ita m in  A c a r o ie n o id s  A su b set ol ca ro ten o id s, w h ich  are 
a c la ss o f  co m p o u n d s sy n th csize d  by p lants and 
m icro o rg a n ism s gen era lly  co n ta in in g  eight iso p ren o id  
u n its , that can be o x id a tiv e ly  m ctab o lized  10 p rod u ce  
retinal and  retin o ic acid  and cleavage P rod ucts k n o w n  as 
a p o ca ro ien o id s . 

r e t in o id s  N atu ra lly  occu rrin g  co m p o u n d s w ith  v itam in  A 
a ctiv ity  and sy n th eù c  an a lo g u es w ìth  or w ith o u t v itam in  
A activ ìty . T h ese in c lu d e  an a logu es su ch  as iso tretin o in  
(1 3 -c is -r e tin o ic  acid ) thai are used  in ed ica lly  to treat 
acn e.

retin y l e s te r s  Fatly acid  con ju gates o f  retìn o l ihat are the 
prim ary storage form  o f v itam in  A in  an im al tissues. 

v ita m in  A F at-so lu b le  su b sta n ces that p o ssess  the b io log ica l 
p ro p erties o f  the pro to tvp ic  v itam in  A co m p o u n đ , all- 
íran s-retin o l, w h ich  is an unsaturated  iso p re n o id  a lco h o l 
vvith five con ju ga ied  all-trons d o u b le  b on d s. O ther  
im p ortan t naturally  o ccu rrin g  exa m p les in clu d e retina! 
and  reiin y l esters. D ietary relin o l and retinvl esters are 
reíerred  to as preiorm ed  v itam in  A.

Vitamin A is an esseniial nutrient that is requircd íbr 
normal growth, epithelial dilTerentiation, fetal develop- 
ment, vertebrate morphogenesis, spermatogenesis, 
night Vision, and a variety of other íunctions. Vitamin 
A also has an immunoregulatory role. Many of the actions 
of vitamin A are mediated by nuclear retinoic acid rccep- 
tors that can bind to all-írans- or 9-cis-retinoic acid and act

as transcriptional regulators to modulate gcne expression. 
Although all-trans- and 9-ds-relinoic acid are vitamin A 
metabolites that mediate most of ihe biological actions of 
vitamin A, they are not sufficient íbr normal spermato- 
genesis or Vision. There is great interesi in the mecha- 
tiisms of vitamin A action, the mechanisms of vitamin 
A absorption, and factors affecting its bioavailability be- 
cause vitamìn A deficiency remains a major global prob- 
lem and because rctinoids have tremendous potential as 
therapeutic and ehemotherapeutic agents.

DIETARY SOURCES OF V1TAMIN A 

Animal Sources

Preform ed vitamin A (principally retinyl palmitate 
and smaller quantities of other retinyl estcrs including 
stearate, myristate, and oleate) and very small quanlilies 
of provitam in A carotenoids arc obtained from animal 
sources. Particularly rich source of preformed vitam in A 
include liver, whole milk, egg \ -olks, and fish.

Plant Sources

Dietary vitamin A is also obtainecl from plant sources 
as provitam in A carotenoids. 01 the carotenoids, 
P-carotene is the most abundanl. Ít is efficiently



absorbed and more rcadilv converted to retinol than 
other carotenoids. Good sơurces of provitam in caroten- 
oids include carrots, spinach, and other dark-colored 
fruits and vegetables. These ĩoods also contain caroten- 
ouls that cannot be converted to vitam in A but are also 
thought to have beneficial Health efiects (e.g., lutein 
and lycopene).

Vitamin A Activity of Foods

Retinol activity equivalents (RAE), which correct for 
the bìoavailability ofproviiam in A carotenoids, are used 
to compare the vitam in A activity of Coods. One RAE is 
defìned as 1 |ug of reiinol, 2 |ag of Ị3-carotene in oil (i.e., 
as .1 supplem ent), 12 ụg of P-carotene in food, or 24 |_ig of 
other provitam in A carotenoids in foods. One inierna- 
lional unit (IU) is equivalent to 0.3 jag of retinol. The 
recommended daily dietary intakes (RD1) for vitamin A 
arc 900 RAE (3000 IU) and 700 (2333 IU) RAE per day 
for adull men and nonlactating w om en, respectively. 
There is no ìndependent RDI for carolenoids. The 
Daily Value (DV) of 5000 IU found on (ood labels in 
tho United States was based on older recom m endations. 
The percentage DV on íood labels provides the percent- 
agc of the recom m ended DV (based on a 2000-calorie 
dict) that is supplied by One serving.

Y1ĨAM IN A ABSORPTION  
AND METABOLISM

Digestion and Lumenal Events

Retinyl esters and carotenoids like other water- 
insoluble lipids are partially released from food by pro- 
teolysis and emulsiíied in the stom ach beíore entering 
the small intestine. W ithin the intestinal lum en, retinyl 
estcrs are hvdrolyzed to retinol and free fatty acids by 
pancreatic iriglyceride lípase, intestinal brush border 
phospholipase B, and addiúonal relinyl ester hydro- 
lascs. W ith the exception of esteriíìed carotenoids 
(e.g., xanthophvlls), carotenoids are absorbed w ithout 
prior metabolic conversion within the intestinal lumen. 
Bile salts are required for the hydrolysis of retinyl esters 
and for the íorm ation of mixed micelles that íacilitate 
the solubilization of retinol and carotenoids. Following 
solubilization, retinol is efficiently transported across 
the brush borclcr at physiological concentrations by a 
saturable, passive carrier-m ediated m echanism . Carot- 
enoLds and pharmacological am ounts of retinol are ab- 
sorhed bv nonsalurable, non-carrier-m ediated, passive 
mechanisms. Most retinoids are absorbed in the prox- 
imal small iniestine. The com position of the diet has 
beenshovvn to affect the bioavaílability of vitam in A and

carotenoids. W ith adequale fat intake, 70—90% of pre- 
formed vitamin A is absorbed. c.arotenoid absorption is 
particularly dependent on dietarv com position and 
ranges from 5 to 50%. The bioavailability of P-carotene 
is m arkedly increased by high-fat diets. The efficiency of 
vitam in A absorption is diminished in patients w ith 
protein energy m alnutrition and mav be adversely 
affected by deficiencies in vitamin E and zinc.

lntracellular Metabolism

Following absorption, retinol, which is poorly sol- 
uble in the aqueous cytosol, is bound to the abundant 
cytosolic cellular retinol-binding protein type 11 (C.RBP 
II). Mosl of the CRBP II-bound retinol is reesteriíied 
w ith palmitic acid and other long-chain íatty acids cat- 
alyzed by microsomal phosphatidylcholine-retinol 
0-acyltransferase (also known as lecithin:retinol acyl- 
transíerase), whereas unbound retinol can be esterified 
by retinol 0-fatty-acyltransferase (acyl-CoA-retinol 
acyltransĩérase). CRBP II-bound retinol is also a sub- 
strate for retinol dehydrogenases that catalyze the re- 
versible oxidation of retinol to retinal, which in tu rn  can 
be irreversibly oxidized by retinal dehydrogenases to 
retinoic acid. The small am ounts of retinoic acid ihat 
are absorbed or synthesized in the intestine may un- 
dergo isom erization or glucuronidation. Most provita- 
m in A carotenoids undergo oxidative cleavage to 
produce apo-carotenoids and retinal, which can be con- 
verted to retinoic acid or retinol. p-Carotene can be 
cleaved centrally to produce two molecules of retinal. 
In some species, small quantitiẹs of carotenoids are ex- 
ported vvithout m odiíìcation (e.g., hum ans and íerrets 
but not rats and pigs),

Extraintestinal Metabolism

Most of the reúnyl esters, carotenoids, and 
apocarotenoids are packaged in chylom icron particles 
for secretion into intestinal lacteals. Retinoic acid and 
retinoic acid glucuronidates are absorbed via the portal 
circulation. Metabolism oí' chylomicrons by plasma li- 
poproLein lipase in the capillarv endotheliụm  produces 
rem nants enriched in vi ta min A as well as cholesterol 
ester and phospholipids. In addition to the liver, which 
is the major destination and storage site for vitam in A, 
chylom icron rem nants are delivered to the lungs, kìd- 
neys, adipose tissue, muscles, spleen, and bone marrow. 
W ithin hepatocytes, retinol is reesterilĩed with long- 
chain fatty acids for storage in sinusoidal stcllate 
cells. M obilization of hepatic retinyl ester stores is reg- 
ulated to m aintain serum  retinol levels w ithin a narrow  
range. Rctinol generated by hydrolysis of reúnyl esters is 
secreted from hepatocytes or stellate cells bound in a



complex to serum retinol-binding protein and 
transthvretin for delivery to largei tissues. W ithin larget 
tissues, cellular retinol-binding prolcins homologous to 
intestinal CRBP II direct the metabolism of retinol along 
the same metabolic pathways utilized in ihe intestine. 
Carotenoids are cleaved to produce retinal, which is 
predom inantly reduced to retinol, with smaller amounts 
oxidized to form retinoic acid. The discoverv that ca- 
rotenoid cleavage enzvmes are located in extraintestinal 
tissues including the eye, kidney, testes, brain, and liver 
indicates that carotenoids can be direct sources of vita- 
min À and retinoic acid in these tissues. The oxidative 
inaciivation of retinoic acid is mediated by cvtochrome 
P450-dependent enzvmes present in the liver and other 
tissues including skin, lung, and brain. The catabolism 
of retinoids producespolar metabolites that are excretcd 
into thc bi le and urine. Although retinoyl and retinyl 
glucuronides and olher retinoidsexcreled in the bile can 
be reabsorbed hy the small intestine, the physiological 
signiíicance of the enterohepalic circulaiion is noi 
known.

VITAMIN A DEF1CIENCY

Disorders that cause generalizcd íat malabsorption such 
a s c h r o n ic  p a n c r e a t it is  a n d  cystic' í ìb r o s is  a n d  t h o s e  th at  

result in đecreased intestinal absorptive area such as 
C rohns disease can result in viiam in A malabsorption 
and deíìciency. Vilamin A tlcíiLicucv rcsuHing from di- 
etarv insufíiciency is a mạịor problcm in cỉeveloping 
nations. Chronic alcoholisrn is a more írequent cause 
in indusưialized nations. Nighi blindness is the most 
sensitive indicator of deliciency in humans. Hypo- 
vitaminosìs A is also associated vvitli growth relardation, 
conịunctival xerosis, corneal damage, and impaired im- 
mune responses (e.g., moriality from measles is signif- 
icantlv increased in deRcient children). Subclinical 
vitamin A deíìciency (i.e., decreased vitamin A stores 
w ithout overt signs of deRciency) is more prevaleni ihan 
outright deẵciency and may incrcase susceptibility to 
intestinal and respiratory infections and impair hone 
growth in children.

VITAMIN A TOXIC1TY

Symploms of acute vitamin A toxicity resulting from the 
ingestion over a short period of time of large quantities 
of preíorm ed vitam in A (>  660,000 IU) include nausea 
a n d  v o m it in g ,  v e r t ig o ,  h e a d a c h e ,  a n d  b lu r r e d  V is io n . 

Chronic ingestion of vitamin A supplem ents or forúfied 
íoods exceeding three times the RDI leads to hypervi- 
taminosis A. Symptoms include bone and muscle pain, 
alopecia, anorexia, visual im pairm ent, and hyperlipid- 
emia. Hepatomegaly is common and, particularly in the 
setting of alcoholism, hepatotoxicitv can lead to veno- 
occỉusive disease or cirrhosis. Osteoporotic íractures are 
more common in postm enopausal wom en vvho chron- 
ically ingcst a diet high in preíorm ed vitamin A. Retinoic 
acid and synthetic retinoids used ior medicinal purposes 
are highlv teratogeníc during the fìrsi trimester. 
Hypercarotenemia resulting from excessive intake of 
carotenoids causes yellow discoloration oí ihe skin 
but is not associated wiih known toxicities.
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Vitamin B12: Absorption, Metabolism, and 
Deíỉciency

J í-:a n -L o u ls G u é a n t  a n d  F a r é s  N a m o u r  

U n ivcrs ity  o f N cm cy, F rancc

cob a lam in  a n a lo g u es  C orrin o id s free írom  any vitam in  
aciiv itv .

hap tocorrin  C orrin o id  b in d in g  p ro te in , a lso  n a m ed  R b inder, 
presen i in the d ịg estiv e  tract and the b lo o d ; the íu n c tio n s  
are not clearly  e sta b lish ed  and m ay in c lu d è  the clearan ce  
o f  cob alam in  a n a lo g u es  from  b lo o d . 

in ir in sic  ía c io r  G lv co p ro ie in  se cre ied  bv the s io m a ch ; b in d s  
speciR cally  to co b a la m in  prior 10 the recep lo r-m ed ia ted  
u ptake o f  the in tr in s ic  la c to r—c o b a la m in  co m p lex  in  the  
iloum .

tran scob a lam in  S p ec iíic  b lood  transport p r o ie in  ih a i d eliv ers  
cob alam in  to c e lls  bv  a receptor-m edia tecl en d o cy to sis . 

v itam in  B u  M icro m u riem  that b e lo n g s  to the íam ily  o f  
corrin o id s; p resen t in  a n im a l-d er iv ed  a lim entary  tracts 
and sv m lie s iz ed  o n ly  by m icro o rg a n ism s. B| 1 corre- 
sp o n d s to severa l v itam ers n am ed  co b a la m in s , in c lu d in g  
d eo x y a đ en o sv lco b a la m in , the c o ía c to r  o f  m eth v lm a lo -  
11} 1-CoA n iu ia se , and m eth v lco b a la m in . the co ía c io r  o f  
m eth io n in e  sV nIhase.

Viiamin B| > (acobalamin) is synthesized by a wide variety 
of microorganisms, including telluric bacteria and bacte- 
ria from thc rumen and the intestine. Foods of animal 
origin (meat, livcr, kidney, eggs, milk, fìsh, and shellfish) 
con lai n vitamin B]2, which is the only organic molecule 
to incorporate an atom of cobalt and to contain a ribonu- 
cleotide with a 5,6-dimethylbenzimidazole base. As 
cofactors of methionine synthasẹ and methylmalonyl- 
coenzymc A mutase, cobalatnins play a key role in homo- 
cysteine metabolism, energy metabolism, and DNA 
replication. Severe cobalamin deficiency causes macro- 
cytic and/or megaloblastic anemia vvith leukoneutropenia 
ancỉ thrombocytopenia, digestive mucosa atrophy, and 
neurological symptoms such as psychiairic, cognitive, 
and proprioceptive disorders, related in part to 
demyelination.

PROTEINS INVOLVED IN VITAM IN Bu  
ASSIMILATION AND METABOLISM

Proteins involved in assimilation and activity of the 
cobalamin vitamin Bị^ (Fig. 1) include intrinsic factor, 
intrinsic íactor recepior, transcobalam ìn, trans- 
cobalamin rcceptors, and haptocorrin.

F 1G U R E  1 Cobalam in structure. (1) Telrapvrrole group; (2) 
a m in o-l-p rop an o l-2 ; (3 ) r ibose-3'-phosphate group; (4 ) 5,6-di-
m ethylbenzim idazole group; X represents a hydroxyl, m ethyl, 
ỉ^ d cso x y a d en o sy l cyanidc, or sulíuryl group.

Intrinsic Factor

Intrinsic íactor (1F) is synthesized in hum ans by the 
parieial cells ol the íundus (íornix; upper area of the 
stom ach) and the gastric body (area of the stomach 
above the angulus). 1F secretion is considerably greater 
than hum an dailv requirem ents for IF and occurs by a 
process closely dependent 011 m em brane translocation. 
The hum an gene encoding IF is situaled in 
chrom osom e 11. The N -lactosam inic and O-glycosidic 
glycans of the carbohydrate core of IF constitute



9 .2—15% of the molecule. Removing the carboxyl ter- 
m inus of the molecule results in all cobalamin (Cbl) 
binding activity being lost; the amino term inus is im- 
portant in the coníormationa! changes required for re- 
ceptor binding. Ít is possible that there exists an IF 
“pocket” that could accept the Cbl nucleotide and at 
least one pyrrole side chain.

Intrinsic Factor-Cobalamin Receptor

In the hum an intestine, the greatest am ount of the 
intrinsic íactor—cobalatnin receptor (IFCR) seems to 
occur in the final 60 cm of the ileum. IFCR is also ex- 
pressed in the kidney, in the adult and fetal intestine and 
colon, in the visceral yolk sac and the placenta, and in 
HT29 and Caco-2 adenocarcinom a cell lines. Calcium is 
ìnvolved in IFCR oligomerization and IF—Cbl binding 
is inhibited by wheat germ agglutinin. A 460-kDa mul- 
tiligand protein named cubilin binds to IF—Cbl and also 
to apolipoproiein A-l (apoA-1), album in, and immuno- 
globulin light chains. lt has been concluded that cubilin 
and TFCR are identìcal, despite differeni physicoehem- 
ical properties, which may be explained by a speciíìc 
proteolytic cleavage in the intestine. Cubilin is a periph- 
eral m em brane protein vvithout a clear membrane- 
spanning dom ain, suggesting the requirem ent for a 
third protein  in the endocytosis mechanism.

T ranscobalamin

Transcobalam in (TC) is a 43-kDa nonglycosylated 
proiein synthesized in most tissues and encoded by a 
gene located on chromosome 22. It binds to Cbl with a 
high affinity and delivers blood Cbl to cells by receptor- 
m ediated endocytosis. A low concentration of holo-TC 
in serum  is an indicator of inadequate dieiarv intake or 
im paired assimilation. The synthesis of TC increases in 
inílam m atory as well as in neoplastic disorders. A single 
nucleotide polym orphism  in codon 259 affects the 
blood concentration of ihe two corresponding isopro- 
teins and behaves as a genetic determ inant of homo- 
cysteine. Alternative cleavage of the signal peptide 
also generates two TC isoíorms.

Transcobalamin Receptors

The receptor m onom er is present as a dimer in the 
plasma m em brane and is up-regulated bv cell proliíer- 
ation. Uptake of TC —Cbl has been dem onstrated in the 
liver, kidney, heart, spleen, intestine, and lung. A dis- 
tinct receptor, megalin, is a 600-kDa multiligand pro- 
tein expressed in the proximal tubules of the kidney and 
also in olher absorptive epithelia. Receptor-mediated

endocytosis of TC—Cbl by megalin may account for 
the accum ulation of Cbl in the kidney.

Haptocorrin

The glycoproteìn haptocorrin (HC) carries Cbl and 
other corrinoids. In the digestive tract, ii is secreteđ in 
saliva, bile, and pancreatic íluid. lt is also expressed in 
epithelial and glandular cells and granulocytes. Hapto- 
corrin accounts for more than 50% of Cbl bound ìn 
gastric juice and 80% in serum. The haptocorrin carbo- 
hydrate core represents 30—40% of the molecule and 
protects part of the molecule from intralum inal prote- 
olysis. The role of haptocorrin in Cbl metabolism is 
unclear. Ít may participate in regulating bacterial 
growth in secretion [luids and in clearing blood Cbl 
analogues in bile. Asialo-haptocorrin is involved in 
ihe liver and intestinal uptake of corrinoids via the re- 
ceplor of asialoglycoproleins. Although iysosomes are 
ihe usual end point for the endocytic pathway for li- 
gands bound to this receplor, HC escapes unahered inlo 
bile by a transcytotic mechanisin.

ASSIMILATION AND METABOLISM  
OF VITAM1N B u

Intraluminal Stage

Cobalamin bound to dietary food products is re- 
leased via sequential exposure to heat lrom cooking 
and to hydrochloric acid-dependent peptic digestion. 
The Schilling test, períorm ed w ith orally ingested ra- 
diolabeled Cbl (incorporated in a dietary item such as 
trout or chicken), can be used lo detect patients with 
chronic gastritis, who are unable to release Cbl frora its 
food binders, In gastric juice, ingested Cbl is exposed to 
bo th  IF and HC, the latter derived mainlỵ from saliva. 
However, Cbl binds preferentially to HC, due to a higher 
affinity for this binding protein. Transíer of Cbl from HC 
to IF will occur in the intestinal lum en, where there is 
partìal digestion of HC and neutralization of chyme. The 
intralum inal degradation of biliary HC is thereíbre a key 
step of an enterohepatic cycle thai perm its the selective 
reabsorption of biliary Cbl in the ileum and the elimi- 
nation ơf Cbl analogues in the feces, in a form coupled 
vvith partiallv degraded HC.

Intestinal ParieLal Transport

IF—Cbl uptake occurs in hum ans by a receptor- 
m ediated endocytosis in the distal ileum. The receptor 
binding requires a neutral pH and the presence of cal- 
cium. Most of the studies on intestinal parietal transport 
(Fit>. 2) have been períorm ed vviih Caco-2 and HT29
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F 1G U R E  2  Intestinal parietal transporl of v ita m in B ]). The physiological pathway involves 
the apical intrinsic factor—cobalam in  rcceptor (IFCR)-m edialecl cn d ocytosis o f in lrinsic fac- 
to r -c o b a la m in  (1 F -C b l) , release o f cobalam in and transíer to endogenous Iranscobalarain 
(T C ), and basolateral sorting o f T C —cobalam in (T C -C b l) . Blood cobalam in can be internal- 
ized  via a Iranscobalam in rcceplor (TC R )-m cdiated e n d o c y to siso í T C -C b l, on ihc basolatcral 
side and also on the apical side o f  C aco-2 cells.

cells. The IF—Cbl com plex is dissociated from its apical 
receptor in early endosom es, under the effecl of acid pH . 
IF is degraded by leupeptìn-sensúive proteases such as 
cathepsin L and by glvcosidases. Lysosomes play a key 
role in free C-bl release to the cytoplasm. Part of the 
apically transported dietary cb l can be directly trans- 
íormed into coenzymes bv the enterocyte for its own 
metabolism. The Cbl sorting to the basolateral side re- 
quires the transfer of Cbl to TC in a still unknow n cell 
com partm ent. The pathwavs of Cbl receptor-m ediated 
endocytosis are sim ilar in the apical and basolateral 
sides, except that IF and TC receptors are expressed 
mainly in the apical and the basolateral sides, respec- 
tively. In addition to the T C -C b l receptor, megalin 
has been shovvn Lo bind  to T C —Cbl and m ediate its

endocytosis. Colocalizatìon of cubilin with m egalin in 
both intesúnal and renal epithelia suggests thai megalin 
may be involved in the cell traííìcking of IF—Cbl — 
cubilin. Because of its apical expression in the kidney 
proxim al tubules, renal megalin may function in the 
tubular reabsorpúon of T C —Cbl, thus preventing Cbl 
loss in the urine.

Intracellular Metabolism

After endocytosis o íb lood  TC—Cbl, the TC receptor 
is dissociateđ from the TC—Cbl complex in endosom es 
and TC is degraded and Cbl is released in lysosomes. In 
the cytoplasm, cobalamin undergoes reduction from 
cob(IIl)alam in to cob(lI)alam in, which can ihen be



methylated to form CH3-Cbl and assist in ihe methio- 
nine synthase conversion of homocysteine to methio- 
nine. Alternaúvely, cob(IU )alam inorcob(II)alam in can 
enter the m itochondria, be íurther reduced to 
cob(l) alamin, adenosylated to Ado-Cbl, and parúcipate 
in the conversion of methylmalonvl-CoA to succinyl- 
CoA bv methylmalonyl-CoA mulase.

ETIOLOGIES OF VITAMIN B 12 
DEFICIENCY

Dietary B17 Deíĩciency

The required dietary allowance of vitamin B|2 has 
been recentlv estimated to 2.4 (.Ig/day in adulls. An in- 
adequate dictary iniake of cobalamin can be observed in 
vegans and in breasl-leeding infanis of either vegan 
m others or m others with previously undiagnosed per- 
nicious anemia. However, a vegetarian diet causing B12 
deíìciency is uncom m on in western countries, because 
many foods are fortlfied with vitamin B12.

Addison’s Anemia and Chronic 
Atrophic Gastritis

Addison’s anemia is a type A gastritis; it is also re- 
ferred to as pernicious anemia 01' as Biermer’s anemia in 
European countries. It usually occurs in patients aged 
60 years or olđer, may be genetically determined, and is 
slighlly more common in women ihan in men. Addi- 
son’s anemia is írequently associaied with other diseases, 
such as Hashimoto’s thyroiditis, adrenocortical insuítì- 
ciency, hemolvtic anemia, primary biliary cirrhosis, 
diabetes, vitiligo, and hypogammaglobulinemia. In ad- 
dition to megaloblaslic anemia, biological da ta include a 
low serum cb l concentration, an abnormal Schilling test 
thai can be corrected in the presence of IF, a drastic 
reduction in gastric acid and 1F secretion, and the pres- 
ence of serum anti-IF antibodies (which is pathogno- 
monic of the illness) and antiparieial cell autoanúbodies 
in 60% and 80—90% of cases, respectively. Therc are 
two types of anti-lF autoantibodies, those that prevent 
Cbl—IF from binding to its receptorand those that block 
Cbl from IF binding. The autoantibodỉes recognize an 
area of 1F thai includes the sequence encompassing res- 
idues 251 —265. A particular clinical form of pernicious 
anemia occurs in young patients, úsuallv betvveen the 
ages oí 10 and 20 vears, and is very oítcn associated \vith 
autoim m une outbreaks and a famílv hisiory.

Juvenile Pernicious Anemia

Juvenile pernicious anemia is a quite distinct entity. 
It. occurs during the early years of life and may affect

several m embers of a sibling group. Acidic secretion is 
normal. IF is absent from the gastric juice and there 
are no serum  anti-lF  autoantibodies. The presence of 
degradable IF in neutralized gastric juice has been de- 
scribed in two twins. In another case, IF could not bind 
to the ileal receptor.

Protein-Bound Cobalamin Malabsorption

Protein-bound cobalamin m alabsorption isa  type ol 
deíĩciency that is sometimes diOĩcult to distinguish from 
genuine A ddisons anemia. lt is caused partlv bv a failure 
to release dietary Cbl from its protein medium, even 
if 1F secretion is suHìcient to enable its absorption. 
Achlorhydria som etim es causes bacterial overgrowili, 
which acccntuates Cbl m alabsorption.

Gastrectomy

Total gastrectom y is ineviiablv accom panied hy Cbl 
deficiency, becaụse IFsecretion is lacking. c.hl deíìciency 
maniíests when the bodys reserves are exhausted, i.e., 
about 3 —7 years after gastreclomv. Vlalabsorpũon is 
1'ound in 19—30% of cases of partial gastrectomy. The 
pathogenesis involves a deRciency of IF and proton 
secretion, wiih m alabsorption of protein-bound Cbl 
and blind-loop syndrome.

Exocrine Pancrcatic lnsufficiency

M alabsorption of crysialline Cbl mav be partly the 
result of a lack of haptocorrin degradation due to inad- 
equate secretion ofpancreatic proteases. However, exo- 
crine pancreatic insuííìciency is rarely associated with a 
Cbl deíìciency.

Obstructive Jaundice

The Schilling test reveals m alabsorption of crystal- 
line Cbl in  about 40% oi cases of obstructive jaundice 
and in about 50% of patients with external bile drainage. 
In terruption  of bile drainage provides secondarv cor- 
rection. Bile appears to have an elĩect OI1 binding oí the 
Cbl—IF com plex with the ileal receptor.

Bacterial Overgrowth

An imbalance of the intesiinal ílora, knovvn as 
blind-loop syndrom e, occurs in various paihological 
circum stances, in đ ud ing  Finsterer- or Polya-tvpe gas- 
trectomies, segm entary inlestinal resecũon vvith end- 
to-side anaslom osis, ileocolic resection, inílammatiiry 
intesúnal diseases, diverticulosis, or gastric achlorhvd- 
ria. Bacteria possess binding sites ihal can trap Cbl alter



baclerial proteases and glycosidases act lo dissociate ihe 
1F — C-bl complex.

Tropical Sprue

The mechanism involved in B12 delìciency in irop- 
ical sprue mav involve the intralum inal and parietal 
phases of Cbl assimilation. Cbl m alabsortpion can be 
reversed by antibiotic treatm eni over a period of time.

Parasitic Inĩestations

The main parasites involved in  B p  deíìđency are 
D ip h y l lo b o th r iu m  l a tu m  (causing diphyllobothrỉasis, 
01' fish tapeworm ) and G ia rd ia  la m b l ia  (lambliasis); 
fish tapeworm iníestaúon, hovvever, is now only anec- 
clotal. lnfecúon is accom panied bv a decrease in IF se- 
crction and atrophic gaslritis. The parasite traps Cbl 
hound vviih 1F as well as free Cbl. In cases of lambliasis, 
m alabsorption is prim arilv the result of Cbl being 
trapped by the parasite, but also the result oí mucosal 
alteration.

Zollinger—Ellison Syndrome

In Zollinger— Ellison syndrome, hypergastrinem ia is
accompanied by hyperacidily and irreversible inactiva- 
tion of panereatic lipa.se in the duodenum , producing 
luminal lipase deíkiency.

Malabsorption of Iatrogenic Origin

Long-ierm treatm ent with proton pom p inhibiiors 
such as om eprazol may occasionally produce a Cbl de- 
ỉiđencv rẹlated to inadequate assim ilalion of prolein- 
bound Cbl. Cholestyram ine isa  resin that can chelate IF 
by ion exchangc. Colchicine, alcohol, and antibiotics 
can act as inhibitors of 1F—Cbl endocylosis. Occasion- 
allv, palients w ith undiagnosed vitam in B]> deíìciency 
who have received nitrous oxide anesihesia may expe- 
ricnce neurologic abnorm alúies in the v v e e k s  after the 
exposure.

Congenital Defects of B12 Assimilation

A srnall num ber of cases vvith congenital deíìciency 
of 1F have been reported. M utations appear to be both 
struciural and regulatory. One patieni had a combined 
deíiciency of 1F and HC, suggesting a genetic linkage 
betvveen regions located on chrom osom e 1] thatencode 
the two proteins. Three siblings in one íamily had an 
abnormal 1F that was m arkedly susceptible to gastric 
acid and to proteolytic enzymes. The selective intestinal 
m alabsorptíon of Cbl, also know n as the G ràsbeck— 
Imerslund syndrom e or megaloblastic anemia 1

(MGA1), is a rare autosomal recessive disease, oíten 
associaied with a proleinuria independenl of c b l defi- 
ciency. The paihogenesis may correspond to a defect of 
expression, stabilitv, and/or trafíĩcking of [FCR. Abnor- 
mal binding of IF—Cbl to the réceptor has been found in 
iléum biopsies and urine assays of patients. Two cubilin 
gene m utations, FM1 and FM2, have been idenúíìed in 
some (not all) MGA1 patients.

Inherited Deĩects of B)2 Blood Transport

Inherited TC deíìciencv maniĩests in the firsi few 
m onth oi Lite, Most ol the 30 known patients lack im- 
munologically detectable TC. Two deletion m uiations 
have been detected in the TC gene of one paiienL. Be- 
cause of ihe role of TC in blood iransport and ileal 
transcytọsis of Cbl, its abscnce impairs c.bl absorption 
as vvell as cell delivery.

Inherited Deĩects o f B i 2 Cellular Metabolism

Patients w iih deficiencies in intracellular cobalam in 
metabolism and utilization have been classiíied bv íi- 
b r o b l a s i  com plem entation analysis inio eight groups. 
Patients who have dcfects in m ethionine synihase 
(MS) (cb/G) or in the regeneration of methylcobalam in 
(MeCbl) (cb lE ) have hom ocystinuria and hyper- 
homocysieinemia. Those who havc defects in the 
mutase (mui0, mut ) or in the íbnnation of dcoxyadcno- 
sylcobalamin (AdoCbl) (cb lA ,  c b lB ) have m eihyl- 
malonic aciduria and metbylmalonic acidemia. 
Paiients with blocks in ihe early steps ol cobalam in 
cellular transport cannot synthesize MeCbl or AdoCbl 
( c b ì c , c b lD , c b ỉ ĩ ) ,  w h ic h  r e s u lt s  in  a c o m b in e d  in c r e a s e  

of homocysteine and methylmalonic acicl.

TREATMENT OF VITAMIN B 12 
DEFICIENCY

Im ram uscular inịections ol vitamin Bị> (usually 
1000 jịg/m onth) have been the classic treatm ent for 
vitamin B|2 deBciency. High-dose oral vitam in B12 
pills and iiýections of B,2 have the same efficiency 
for curing megaloblastic anemia and neurologic disor- 
ders. Patients can be managed with oral dosés of 
300 — 2000 ng/day.
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Vitamin K: Absorption, Metabolism, 
and Deíỉciency
C h a l l a  A j it  a n d  S a n t i a g o  J. M u n o z  

A lb ert E instein  M edical C en ter, P hiladelphia

menaquinone V itam in  K2. 
phylloquinone Vitamin KI

Vitamin K was discovered more than 50 years ago follow- 
ing investigation of a hemorrhagic disease in cattle and 
chicks that was corrected by vitamin K dietary supple- 
ments. The vitamin’s name stems from the German word 
K o a g u la t io n sv i ta m in .  Vitamin K and its derivatives have a 
2-methyl-l,4-naphthoquinone nucleus with a lipophilic 
side chain at position 3. This lipophilic chain gives vitamin 
K its unique properties. The most abundant form of vìta- 
min K is phylloquinone (vitamin Kt), which is íound in 
green leafy vegetables and certain plant oils. Another form, 
menaquinone (vitamin K2), has several subiypes; some are 
synthesized by the intestinal microílora (subtypes MK-7, 
MK-8, MK-10, and MK-11) and other nutritionally signif- 
icant variants (MK-4) occur only in meats (especially 
liver). In contrasl to vitamin K,, the contribution of vita- 
min K2 to human nuirition is poorly understood.

A B S O R P T IO N

Most of the absorption of viiam in K occurs in the distal
small intestine. Dietary phylloquinone is protein bound

and requires pancreatic enzymes for liberation into the 
lumen of the small intestine. The highly lipophilic 
cleaved Products are solubílìzed into micelles by bile 
and are absorbed into the lymphatic circulation aftcr 
being incorporated into chylomicrons. Ultimately, 
these chylom icrons enter ihe portal circulation and 
reach the liver by a carrier-depcndent process. Whcn 
the intralum inal levels of bile sahs fall below the critical 
micellar concentration requìred for absorption, defi- 
ciency of vitamin K and other f'at-soluble vitamins is 
likely to develop. Therefore, viiamin K absorption de- 
pends on the functional ìntegrìty of the liver, small 
intesúne, and pancreas.

M E T A B O L IS M

In hum ans, vitamin K functions as a cofactor for the 
endoplasm ic enzyme y-glutamvlcarboxvlase. This en- 
zyme is involved in a unique posttranslational carbox- 
ylation reaction. in which glutamate residues on various 
proteins are converted into y-carboxvglutamate (Gla). 
This reaction occurs durìng the last stages of protein 
synthcsis. The resulting Gla residues are characterisiic



oí a limiied num ber of proteins íound in liver, bone, and 
blood vessels.

Vitamin K occurs naturallv in ihc quinone oxidized 
State and is reduced to the hydroquinone form (vitamin 
KH?) by the enzyme vitamin K epoxi.de reductase 
(VKOR). In turn , vitamin KHn becomes the active C0- 
íactor for the vitam in K-dependent enzyme y-glutamyl- 
carboxylase. Vitam in KH2 is oxidized to vitam in K
2,3-epoxìde (KO). Indeed, this reaction provides the 
energy driving the carboxylation reaction bv the vitamin 
K-dependent y-glutamylcarboxylase. Under normal 
conditions, for each molecule of Gla generated, one 
molecule of vitam in K epoxide is also formed. There 
is a strict one-to-one stoichiometric relation between 
the conversion ol vitamin KH7 to KO and the num ber 
of protein bound  Gla residues íormed.

Aíicr protein degradation, Gla residues are excreted 
in urine. It is clear ihat the number of carboxylation 
reaciions far exceeds ihe num ber of vitamin K molecules 
available. The short-lived, highlỵ reactive epoxide (KO) 
is potentialíy toxic and is recycled back to vitamin KHi 
hy the enzyme VKOR. W arfarin inhibits VKOR, which 
leads to insufficient generation of vitamin KH2 by inter- 
rupiing the recycling of vitamin K2 (see Fig. 1). This 
results in  a  vitam in K-depleted S ta te ,  leading t o  c l i n i c a l  

m anifestations and raising the nutritional requirem ent. 
In snch situations, a second enzyrae, NAD(P)H dehy- 
drogenase [also know n as detoxifying (DT) cliapho- 
rase I, rcduces quinone to vitainin KH2 but not the 
epoxide (KO). ĩn terrup tion  of this cycle leads to 
production of decarboxyglutamate. M easurement of 
proteins containing decarboxvgluiamate gives an 
early indicalion of vitamin K deíĩciency.

Vitamin K plays a major role in the synthesis of 
clntting íactors. The Gla-containing coagulation 
proteins prom oting clotting include prothrom bin and 
íactors VII. IX, and X. Vitamin K is also involved in the 
biosynthesis of ihe antithrom botic proleins c and s. 
W ilh the exception of protein s (produced in many

tissues), all these proteins are exclusively synthesized 
in the liver.

A bnonnal bleeding is a Cardinal sign of vitam in K 
deíiciency. The function of Gla residues on blood coag- 
ulation proteins is to facilitate adhesion 10 ihe negatively 
charged phospholipids on the surĩace of activated plate- 
lets. Gla residues, along with calcium, are internalized 
to the core, leading to exposure of thc phospholipid 
binding domains.

O lher im portant Gla-contaìning proteins, such as 
protein z, osteocalcìn, and matrix growth protein 
(MGP), are involved in equally im poriant metabolic 
functions. Protein z helps throm bus adherence lo sites 
of injury. Osteocalcin is a product unique to bone tissue 
produced by osteoblasts, the detìciency of whìch may be 
related to developm enl of osteoporosis. MGP play a cru- 
cial role in bone íorm ation and in addiúon to prolein s 
contributes to m aintainìng vascular stability. All Gla- 
containing proteins are synthesized in the endoplasm ic 
reticulum  in a propeptide form. The propeptide contains 
the Y -carboxylation recogn ilion  site characteristic o f  the 
viiamin K-dependent proteins, except in MCiP, where 
this site resides in the m ature protein.

DEEICIENCY

The dietary requirem ent for vitamin K is approxim ately 
1 0 0 -2 0 0  ng/day and the currenl recom m ended daily 
allowance is 65—80 í-ig/day, in addition to the estimate 
for w hat is produced by colonic synthesis. Vitamin K 
deíĩciency in an otherwise healthy adult is rare. Ac- 
quired deRciency can occur in palients on long-term 
antibiotics and parenteral nutrition or w ith gastro- 
intestinal diseases characterized by maldigestion, 
m alabsorption, hepatobiliary disease (dim inished hepa- 
tocellular íunction or cholestasis), and other disease 
states. Salicylates, anticonvulsants, and iarge doses of 
vitamin E (>  1200 IU/day) have been associated with

VKOR

Warfarin

V ita m in  K H 2

Vi ta m  in  K  e p o x id e a c id

G lu ta m ic  a c id

co,

Ỵ-glutamylcarboxylase

Y - c a r b o x y g lu ta m ic

F1G U R E  1 Biosynthelic pathw av for vúam in  K -dependent produclion  o f  Ỵ-carboxyglutam ic acid. 
VVarĩarin inhibits thc enzym e viiam in K ep ox id e reductase (VKOR).



vitam in  K d eíĩc ien cv  in som e paúents. A State o f  ther- 
apeutic deficiency is induced by adm inistration oí 
coum adin-based anticoagulants. An im portant acquired 
vitam in  d e íìc ien cy  State is hem orrhagic d isease o f  the 
newborn. The normal nevvborn has a moderate defi- 
ciency of vitamin K-dependent coagulation íactors. 
Adult levels are achieved at about 3 m onihs of age. 
H em orrhagic disease of the new bom  is now uncom m on 
due to routine administration of vitamin K at birth.

Vitamin K status can be determ ined bv various 
methods. Until recentlv, direct m easurement oCvitamin 
K was difficult. Plasma phỵlloquinone levels can now be 
m easured directly bv high-pressure liquid chrom ato- 
graphy. Plasma levels of vitamin K prim arilv reílect cỉi- 
etary intake over thc previous 24 hours. In addition to 
đírect m easurement of plasma phylloquinone level, vi- 
tamin K status can be m easured by indirect methods, A 
vvidely used indieator is the determ ination of the pro- 
throm bin time (PT), which becomes prolonged in viia- 
rain K deíìciency. PT is nonspeciíĩc for vitamin K 
deíicicncy because it also becoraes prolonged in hepa- 
tocellular dvslunction and certain hematological disor- 
ders (coagulopalliies). The speciíicity of PT can be 
increased by the so-called vi tam in K test. In this test, 
reversal of prolonged PT hy parenteral vitam in K ad- 
m inistration coníìrms vitamin K deficiency caused by 
inadequate dietarỵ intake or intestinal m alabsorption. 
Im provem ent of the PT after parenteral vitamin K is 
lcss consistent with coagulopathy of parenchvm al he- 
palocellular disease. Im provem entof PT isno ted  w íthin 
8 hours, w iih a maximum im provem ent at 48 hours. 
Absence of improvement or a minimal change in 
PT suggests invesligating hepatocellular causes of 
prolonged PT.

In emergencies, vitamin K can be adm inistered by 
slow intravenous injection, but there is risk of arterial 
hypotension and rarely anaphylaxis. Intram uscular ín- 
ịection is not generally recommended. The PT test can 
respond rapidly to changes in  levels of lacior VII, which 
has a half-life of only 4 —7 hours. Hovvever, PT is

considered relalivelv insensitivc for detecting vitamin 
K deíìciency because It becomes prolonged when íactor 
VII levels fall below 40%. PT is even less sensitive to 
prothrom bin concentration, becoming prolonged onlv 
when prothrom bin levels fall below 30% of normal. 
A nother indirect m ethod to assess vitamin K status in- 
volves m easurem cnt of decarboxvlated osteocalcin. 
This substance would appear a relativelv sensitive indi- 
cator of vitam in K deíìciency, because its affinity for y- 
glutamylcarboxylase is lower than that of other vitamin 
K-dependent proteins. Therefore, detection of decar- 
boxylated osieocalcin may provide an early indication 
of lĩiild vitam in K deíiciency.
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Volvulus
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c lo se d -lo o p  o b s tr u tú o n  Type of m ech an ica l o b s tru c tio n  in 
w hich  b o lh  the  p rox im al and d ista l seg m en ts  o f bow el 
are obslru c ted .

vo lvu lus Ạ b n o rm al tvvisting o f a segm en i o f  bow cl, re su ltin g  
in a m ech an ical o b stru e tio n  of the p ro x im al an d  d ista l 
parts ol the invo lved  segm ent.

V o lv u lu s  is  an  im p o r ta n t  c a u s e  o f a c u t e  in te s t in a l  o b s t r u c -  
t io n  in in ía n ts  a n d  o f  g a s tr ic  an d  in te s t in a l  o b s t r u c t io n  in  

adulis. Volvulus, defmed as an abnormal twisting of a 
se g m e n t  o f  b o w e l ,  r c s u lt s  in  a m e c h a n ic a l  o b s t r u c t io n  
o f  th e  p r o x im a l  a n d  d is ta l  s c g m e n t s  o f  th e  in v o lv e d  
bovvel. The resultant closed-loop obstruction has a par- 
t ic u la r ly  h ig h  r is k  o f  s t r a n g u la t io n , n e c r o s is ,  a n d  p e r fo -  
ration. The anatomic requiremcnts underlying the 
d e v e lo p m c n t  o f  v o lv u lu s  in c lu d e  a r e d u n d a n t  s e g m e n t  
o f  b o w c l ih a t  i s  fr e e ly  m o v e a b le  w it h in  th e  p e r ito n e a l  
ca v ity , w ith  c lo s e  a p p r o x im a t io n  to  th e  p o in t s  o f  ÍLxation  
oi the boweI.

GASTRIC VOLVULUS

Anatomy and Eúology

The stom ach ìs fixed inĩeriorly by the duodenum , 
and its norm al orientation is m aintained by the 
gastrosplenic, gastroduodenal, gastrophrenic, and 
gastrohcpatic ligaments. About tw o-thirds of cases of 
gastric volvulus are associated with a congenital or ac- 
quired diaphragm atic hernia in w hich the stom ach (or 
part of lhe stom ach) is positioned w ithin the chest. One- 
third of cases of gastric volvulus occur below the 
diaphragm and are due to laxity of the ligam entous 
atiachm ents of thc stom ach to the duodenum , liver, 
splecn, and diaphragm . Sliding paraesophageal hernias 
are not associated w ith gastric volvulus because the 
stomach m aintains its normal configuration as part of 
it asccnds into ihe posterior m ediastinum .

Gastric volvulus may be classiíìed anatom ically as 
organoaxial or m esenteroaxial, depending on the axis 
on vvhich the volvulus occurs. Most cases of gastric vol- 
vulus arc organoaxial in nature, w ith the stom ach twist- 
ing 011 its long axis. This axis rnost com m only passes 
through the gastroesophageal and the gastropyloric

junctions, w ith the anlrum  rotating anteriorlv and 
superiorlv and the íundus rotating posteriorly and 
iníeriorly, causing torsion of the greater curvature at a 
po in talongits length. This typeofgastric volvulusism ost 
often associated vvith diaphragmatic hernias and causes 
gastric ischemia and iniarction in 5 — 28% ol cases. 
M esemeroaxial gastrie volvulus occurs when the stom- 
ach folds on an axis extending from the lesser lo the 
greater curvature such that ihe antrum  twists anteriorlý 
andsuperio rly . This tvpe ofvolvulusoccursinabout one- 
third of cases and is more likelv to be incomplete, ínter- 
m ittent, and associated with chronic symptoms.

Clinical Manifestations

Patients with acute gastric volvulus experience sud- 
den, severe upper abdominal or chest pain. In those 
cases in which the stomach is located vvilhin the abdo- 
men, there is upper abdominal distension. Patients with 
herniation of the stomach througb a diaphragm atic de- 
fcct present with severe chest pain radiating to the arms 
and neck w ith accompanying dyspnea, misleading 
the unsuspecting clinician into believing the patient 
may be suffering acute myocardial iníarction. Persistent 
retching productive of little or no vomitus is a com m on 
m aniíestation. The triad of abdominal or chest pain, 
violent retC-hing, and the inability to pass a nasogastric 
tube should lead to a strong clinical suspicion of acute 
gastric volvulus. Patients with chronic gasiric volvulus 
may have m ild, nonspeciíic, or interm ittent symptoms 
such as epigastric discom íort, heartburn, abdom inal 
íullness, or bloating. A large, unusual gas-filled viscus 
in the chest or upper abdomen on plain abdominal 
radiograph suggests the diagnosis, which may be con- 
íìrmed by barium -swallow radiographic study or com- 
puted tom ography.

Treatment

Surgical therap\’ for patients presenting with acute 
gastric volvulus, after initial resuscitation, involves lap- 
arotom y with operative reducúon, resection of necrotic 
tissue, and repair of precipitating conditions such as a



hiatal hernia. On occasion, a nasogastric tube mav be 
placed to allow resuscitation and an elective repair, but 
more írequently a tube cannot be placed and immedíate 
operation is mandatory. Palicnts presenting with 
chronic recurren t volvulus should have a careíul 
preoperative identification of precipitating conditions 
followed by operative repair. In ihose cases in which 
prim ary volvulus occurs w ithout obvious cause, gastro- 
pexy may be períorm ed by tacking the anterior wall 
of the stom ach lo the parietal peritoneum  of the abdom- 
inal wall.

M IDGUT VOLVULUS

The mosl com m on form oỉ small bowel volvulus is 
midgut volvulus.

Etiology

Midgut volvulus is an im portant cause of intestinal 
obstruction in neonales and inĩants and is caused by 
incomplete (or absent) roiation of the embryonic intes- 
tine during the fifth to twelfth week of gestation. From 
50 to 75% of cases are discovered in the íìrst month 
of life and 90% of cases arc detecied beíore 1 year 
of age.

The most com m on abnormality associated with 
midgut volvulus is nonrotation, in which there is inad- 
equate counterclockwise rotation of the midgut loop 
around the superior mesenteric artery (SMA). This 
causes the duodenojejunal junction to be located 10 
the right of the midline, as is the rem ainder of the 
small intestine. The colon resides in the left abdomen 
with the cecum near the midline. A narrovv mesenteric 
pedicle predisposes to volvulus, and the peritoneal al- 
tachm ents (Ladd’s bands), which extend anterior and 
lateral to the duodenum  to fix the cecum to the posterior 
body wall, may obstruct the duodcnum.

Clinical Presentation

The discovery of malrotation during inỉancv occurs 
when duodenal obstruction from LadcTs bands 01' 
midgut volvulus develops. Iníants with duodenal ob- 
strucúon [rom LadcTs bands present with proximal du- 
odenal obstruction and bilious vomiúnứ with liule 
abdominal distension. Midgut volvulus may also prcs- 
ent with obstructive Svmptoms; hovvever, the develop- 
ment of intestinal ischemia duc to strangulaiion may 
cause transm ural necrosis w ith acidcmia, thromhocvlo- 
penia, and sepsis.

Diagnosis

The high risk of intestinal ischemia and necrosis 
from midgut volvulús and the associated very high 
m ortality rate m andate aggressive diagnosis and man- 
agcment of neonatal intestinal obstruction. A plain 
abdominal radiograph in babies with midgut volvulus 
will dem onstrate a distended stomacb and proximal 
đuodenal bulb w ith a paucity of small boweì gas. An 
upper gastrointesúnal conLrast study will be diagnostic 
by dem onstrating malpositioning of the duodenojejunal 
ịunction to the right of the midline, w ith the small in- 
testine on the right and the cecum and ascending colon 
to the left. The contrast study may also dem onstrate a 
characteristic corkscrew or coiled appearance in the 
ihird or íourth portions of the đuodenum . A barium  
enema dem onstrating the cecum in the right lower 
quadrant does not exclude the possibility of malrotaúon 
and midgut volvulus.

Treatment

The treatm ent of intestinal m alrotation, whelher 
manifested by duodenal obstruction from Ladd’s 
bands or midgut volvulus, is operative. In  the lallcr 
case, the diagnosis should be followed hy laparotomy 
becausc a delay of even hours may mean the differen.ee 
betvveen viable or gangrenous bowe!. Operaiive rcpair of 
m alrotation is achieved by the Ladd procedure, which 
consists of re 1 ief of the volvulus and div-ision of ihe 
peritoneal bands lethering the cecum, small bowel mes- 
entery, mesocolon, and duodenum  around the base of 
the superior mescnteric arterv. This allows the mesen- 
teric leavcs to open widelv and is associated with a very 
low incidence of recurrcnt volvulus. M eticulous and 
com plete mobilization of the entire duodenum  with 
division of all anierior, lateral, and posterior peritoneal 
atLachments relieves the cxtrinsic compression and ob- 
struction of the distal duodenum.

COLONIC VOLVULUS

Volvulus causes about 10—15% of all colonic obstruc- 
tions in the United States and other W estern countries 
an d ab o u i 1— 4% o f all cases of iniestinal obstruction. In 
Eastern Europe and parts of Aírica and Asia, colcmic 
volvulus accounts for 20—50% of all intestinal obstruc- 
tions. Ít is the second most common cause of colonic 
obstruction, the most common being adenocarcinom a. 
The sigmoid colon and cecum are the mosi írequcnt 
siies of colonic v o l v u l u s .  accounting for about 75 and 
22% ol all cases, respectively. Rare siies for colonic 
volvulus include the transverse colon (2%) and splenic 
[lexure (<!%.).



Etiology and Pathophysiology

In each case, a íreely mobile segment of intra- 
abdominal colon twists or [olds on íìxed afferent 
and efferent limbs of the bowel, causing a closed-loop 
obstruction. As fluid and gas accum ulate w ithin the 
involved segment of bovvel, intralum inal pressure 
rises, and when it exceeds capillary pressure, the colonic 
wall becomes ischemic. Closed-loop obstructions, such 
as that occurring w ith colonic volvulus, are associated 
vvith a high rate of ischemia, infarction, and pertoration.

Clinical Prcsentation

The tnosí com m on clinical manifestaúons of colonic 
volvulus are acute abdominal distension and low er ab- 
dominal pain. W hen present, the pain varies [rom a 
vaiỊuc discom íort accompanying abdom inal distension
10 the excruciaúng pain of peritonuis. Severe unrem it- 
ting pain suggests gangrenous bow d  and peritoniús. 
The duration of symptoms in patients w ith sigmoìd 
volvulus is oíten less than that in patients w ilh malig- 
nanl or benign strictures. Abdominal tenderness occurs 
in less than one-third oí patients with colonic volvulus. 
Paúents with sigmoid volvulus are often in the seventh 
or eighlh decade oflife and often have various com orbid 
illnesses. A history of chronic constipation and laxative 
use is also a írequent (ĩnding in patìents wìth cecal or 
sigmoiđ volvulus. Patients with cecal volvulus tend to 
be pu u ig cr than patienls wilh sigmoid volvulus and 
have a history of prior abdomìnal operations or distal 
obstruction. The most com m on physical finding is 
massive abdominal distension, which is always 
present. Signilìcant abdominal tenderness with evi- 
dence of periionitis suggests im pending or actual 
colonic nccrosis and períbration and mandat.es emer- 
gent operative intervention.

Diagnostic Evaluation

The initial diagnostic approach to patients suspected 
of having colonic obstruction includes plain abdom inal 
racliographs in the supine and upright positions. The 
abdom inal radiograph ofpatienls with sigmoid volvulus 
vvill dem onsiraie a markedly dilated sigmoid colon and 
proximal bcnvel \vith mìnimal gas in the rectum . The 
Standard radiographic appearance of sigmoid volvulus 
is a distencled ahaustral sigmoid loop, i.e., “bent inner- 
tube” appcarance; the apex of which is directed toward 
the right shoulder. The classic radiographic íeatures of 
cecal volvulus include (1) a massively dilated cecum 
located in the epigastrium or left upper quadrant, 
(2) a kidney bean shape of the distended cecum, (3) 
distended loops oi small bowel, suggesting small bowel

obstruction, and (4) a single, long air—íluid lcvel pres- 
eni on upright or decubitus íilms. In these instances, the 
massively distended cecum extends across ihe abdom- 
inal m idline and is “dừected" toward the left upper 
quadrant or left m idabdom en. These “classic” radio- 
graphic íĩndings are seen in 4 0 —60% of cases.

The rem aining diagnostic studies in patients with 
colonic obstruction are predicated on the presence or 
absence of peritonitis and the degree of obstruction 
(Í.C., partial or com plete). Patients with peritonitis 
should undergo resuscitation and urgent laparotom y 
w ithout ĩu rther diagnostic procedures, whereas patients 
w ithout evidence of bowel wall ischemia and an abdom- 
inal radiograph suggestive of a distal complete obstruc- 
tion should undergo proctosigm oidoscopy. This 
procedure will dem onstrate the sitc and nature oí distal 
striclures and in the case of sigm oid volvulus may allow 
decompression.

]f ihe obstruction is proximal to the area visualized 
by proclosigm oidoscopy, a water-soluble contrast 
enetna will confirm the dìagnosis of colonic obstruction 
and delineate the site of obstruction. In patients with 
sigmoid or cecal volvulus and an equivocal plain ab- 
dom inal radiograph, a water-soluble contrast enema 
may be helpíul by dem onstraiing a point of torsion 
(e.g., a mucosal spiral pattern, or “b ird’s beak” sign). 
The use of water-soluble contrast media obviates the 
risk of barium  im paction at the sitc of obstrucúon 
and barium  peritonitis in the case of unrecognized 
períoration.

Although colonoscopy may be useful in patients 
with partial colonic obstruction, it has little role in 
the initial evaluation of patients suspected of having 
complete obstruction. The insufflation of air or carbon 
dioxide through the endoscope into the obstructed 
bowel may exacerbate colonic distensíon and precipi- 
tate perforation.

Treatment and Outcome

Resuscitation of patients wit.h colonic obstruction 
includes restoration of intravascular volume, correction 
of electrolyte abnorm alities, and nasogastric aspiration. 
The urgency with w hich the obstructỉon must be de- 
com pressed is dependent on the degree of obstruction 
(partial or com plete) and the clinical presentaúon of ihe 
patient (evidence of strangulation or not). As alluded to 
earlier, the initial m anagem ent of patients with sigmoid 
volvulus w ithout evidence of peritonitis is proctoscopic 
decom pression of the obstruction, often assisted by 
placing a rectal tube into the obstructed bovvel. In a 
com pilation of 19 American serics including 595 pa- 
tients w ith sigmoid volvulus, Ballantyne rcported that



proctoscopy, either alone or combined vvith a rcctal 
tube, successtully reduced ihc volvulus in 70—80% of 
attem pts. The placem ent ol a rectal tube íor 48 hours 
may minimize the possibiliiỵ of carly recurrcnce. 
Successful reduction of sigmoiđ volvulus has also 
been reported w ith ílexible -.igmoidoscopv or 
colonoscopv; however, the proceđure must be per- 
formcd with limited m anipulation and minimal insuf- 
ílation of air or carbon dioxicle.

The risk of recurrcnce íolloNving nonoperaúve re- 
duction of a sigmoid volvulus is 40-50% . Thus, follow- 
ing proctoscopic decompression, ihc paiient should 
undergo mechanical clẹậnsiriig oi the bowcl, followed 
by elective sigmoid resection. Tliis muhistep approach 
allovvs time ior oplim ization of ihe patiem s condiúon 
prior to laparotom y, resection, and ihe pcrforniance ol a 
prim arv anastomosis. Recụrrẹnre lales lollowing this 
approach are less than .3%. Paúents requiring emergent 
laparotom y for strangulated sigmoid volvulus require 
sigmoid resection with an encl colosiomv and Hartmann 
pouch.

The role of initial nonoperative management of 
patienis with cecal volvulus is less well deíined than 
that of sigmoid volvulus. Alihmigh colonoscopy has 
been successfully employẹd lo rcduce the volvulus, 
the risk of períoration of the thiuned, oíten ischemic, 
cecum  is substantial, as is the danger of missing a 
segmem of necrotic bowel vvith delay of deímúive re- 
sect ion .  C u r r e n t  o p t i on s  for the opcra l ive  marr agemcnt  
of cecal volvulus include ctvopexv, cecostomy, and 
resection. Detorsion alono or \vhen combined with 
appendectoray is associatrd vvíih a high recurrence 
rate. In some cases, thc pciTonmmce ot a cecopexy, 
in which the right colon is aiuhorcd to the perito- 
neum  of the right paracolic ÍỊUUCI wjth or w ithout a 
cecoslomy, is favored. Right coleciomv with priinarv 
ileotransverse colostomy elĩerti\’t'lv prevents recurrent 
volvulus and is the procedure ot chỡice of a num ber of 
surgeons, including the anthors. Ralkmtvne reported 
27 patients w ith cecal vol\ ulus \vho \vere treated vvith 
resection and prim ary anastoinosis with na operative

mortalitv and no recurrence of volvulus in 5 years of 
followup.

Overall, the m ortality rate for patients with colonic 
volvulus is about 8%, with the m ajor predictive factor 
for mortality being ihe presence of gangrenous bowel. 
The incidence of gangrenous bowel in patients with 
either cecal or sigmoid volvulus is 15—20%. In a review 
of 18 American studies including 299 paúenis with sig- 
moid volvulus, the mortality rate for patients vvith gan- 
grenous colons was 80%, whereas only 10% of patients 
w ithout colonic necrosis died.

See Also the Following Articles

C o le c to m y  •  C o lo n ic  O b str u c t io n  •  D u o d cn a l O b str u c t io n  •  
C .asiric V ơ lv u lu s •  G a stro sto m y  •  M alro ta tion

Further Reading

Agrez, M., and Cameron, D. (1981). Radiology ol sigmoid volvulus.
Dis. Colon Reclum 24, 510.

Anderson. J. R., and W elch, G. H. (1986). Acutc volvulus of thc righl 
tolon: An analysis of 69 palients. World J. Surg. 10, 336. 

BallanLyiie, G. H. (1982). Rcview of sigm oid volvulus: History and 
resulis oi treainicm. Dis, Colon RimẾim 25, 494.

Ballanivnc, G. H. (1982), Review of sigmoid volvulus: Clinical 
pailcrns and palhogencsis. Dis. Colon R n t u m  25, 823. 

Ballantyne, G. H., Brandncr, M. D., Bearl, R. w „  Jr., eí ai. (1985). 
Volvulus of the colon: Incidencc and moruility. Ann.  Surg. 
202, 83.

Brotlicrs. T. E.. Strođel, w . n., and Eckhauser, F. c. (1987).
bndoscopy m colonic volvulus. Á n lì Surậ, 206, 1.

Burke. J. B., and Ballantvne, G. H. (1484). Cecal volvulus: Low 
mortality at a citv hospital. Dis. Colon Rt-ctum 27, 737.

Caricr. R„ Brewer. I- A., and Hinshaw, D. B. (1980). Acute gastric 
volvulus. Am. /. Surg. 140. 99.

Gvossnian, li. M., Longo, w . E.. Siratton, M. D., et al. (2000). 
Sigmoid volvulus in Dcpartmeni o[ Vctcrans Alĩairs Mcdital 
Ccnters, Dìs. C ữkm  Reclum 43, 414.

Haskin. P- H.. Teplick, s. K., Tcplick, J, G..I c ta l .  (1981). Volvulus of 
ihe cccum and right colon. Ị Am. Med. Assoc. 245. 2413. 

Tuniage, R. H., and Bergen, p. (2002). lntcsũnal ob-Struction 
and ik'us. /» “Sleisingers Gastrointesiinal and Liver 
Discase: Palhoph\'siology/Diagnosís/Managcmciu," (M. rd d m an , 
L. s. Hriedman. and M. H. Slcisinger, cđs.), 7th Eđ., 
pp. 21] 3-2128 . w . B. Saunders. Philadclphia



w
Water-Soluble Vitamins: Absorption, 
Metabolism, and Deíìciency
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U n iv e rs itv  o f  C a lự o n iía , I n i n e  an d  VA M edical C en tc r, Long Bcach

a d ap tiv e  reg u la tio n  A p r o c e ss  by w h ich  a transport ev en t is 
u p - or d o w n -r eg u la ted  by c o n d itio n s  in  tbc su rro u n d in g  
en v iro n in en t, su ch  as the lev e l o f  a p articu la r  su b sira ie  in 
the d iet or in ib e  ex tra ce llu la r  ílu id . 

ca rrier-m ed ia tcd  m em b ra n e  tran sp o rt M ech a n ism  for trans- 
p o riin g  a su b strate th a i in v o lv es  a d e íìn e đ  p ro te in  sysictn  
loca ted  at the p lasm a m cm brane o f  the ce ll. 

o n io g c n ic  r eg u la tio n  A p ro cess d e sc r ib in g  d ev e lo p m en ia l 
ch a n g es, for e x a m p le , in a transport even t. 

tra n sp o rt by p assiv e  d i ííu s io n  A p ro cess  by w h ich  a so lu le  
m o v es from  on e  s id e  o f  the m em b ra n e  to the o ther  
w ith o u t the need  for a sp ec ia lize d  tran sp orting  sv s lem . 

v ita m in  su b o p ú m a l le v e l  Level o f  the v ita m in  thai ía lls 
b elo w  the norraal ran ge.

T h e  v v a le r-so lu b le  v i ta m in s  a re  a s t r u c tu r a l l y  u n re la te d  
g ro u p  o f  o rg a n ic  c o m p o u n d s  th a t s h a r e  th e  sa m e  fe a tu re s  
o f  b e in g  e s s e n tia l  fo r n o r m a l  c e l lu la r  íu n c t io n s ,  g ro w th , 
and devđopmcnt and cxist in minute quantitics in the 
d ie l .  H u m a n s  a n d  o th e r  m a m m a ls  o b ta in  th e s e  m ic ro n u -  
t r ie n t s  f ro m  e x o g e n o u s  s o u rc e s  (e .g .,  d ie t )  v ia  in te s t in a l  
a b s o rp t io n .  T h u s ,  th e  in te s t in e  p la y s  a  Central ro le  in  th e  
re g u la tio n  of n o rm a l b o d y  h o m e o s ta s is  o f  th e s e  n u t r ie n ts .  
As a  r e s u l t ,  d e íic ie n c y  a n d  s u b o p t im a l  le v e ls  o f  th e s e  
n u t r ie n i s  o c c u r  in  a  v a r ie ty  o f  d is e a s e  c o n d it io n s  a n d  
s ta te s  th a t  a ffec t th e  in te s t in e .  T h is  in c lu d e s  b o th  in h e r -  
i te d  d e íe c ts  in  th e  in te s t in a l  t r a n s p o r t  s y s te m s  in v o lv e d  
a n d  s e c o n d a ry  c a u s e s  s u c h  a s  in te s t in a l  d is e a s e s  (e .g ., 
in íla m m a to ry  bovvel d is e a s e ,  c e liac  d is e a s e ) ,  e x c e ss iv e  
a lc o h o l  in ta k e ,  d ru g  in te r a c t io n s ,  in te s t in a l  r e s e c t io n ,  
a n d  ag in g . T h is  a r tic le  w il l  p ro v id e  a b r i e f  d e s c r ip t io n  
o f  th e  m e ta b o lic  ro le  o f  th e s e  n u t r ie n t s  a n d  th e  c u r r e n t  
u n d e r s ta n d in g  o f th e i r  in te s t in a l  a b s o r p t io n  m e c h a n is m s  
a n d  re g u la tio n .

VITAMIN BI

Metabolic Role and Deficiency

Vitamin BI (thiam ine), in its pyrophosphale form,
plays a critical role in norm al carbohydrale metabolism, 
participating in the decarboxylation of pyruvic and 
a-ketoglutam ic acids and in the utilization of pcntose

in the hexose m onophosphate shunt. Thiamine defi- 
ciency in hum ans leads to a variety of clinical abnorm - 
alities including neurological (neuropathv and/or 
W ernicke-Korsakoff syndrom e) and cardiovascular dis- 
orders (e.g., peripheral vasodilation, biventricular rnyo- 
cardial ĩailure, edema, and potentiallv acute íulm inant 
cardiovascular collapse). Thiam ine deRciency repre- 
sents a signiíìcant nutritional problem in both devel- 
oped and underdeveloped countries. In developed 
countries, thiam ine deHciency has been reporied in a 
high percentage of alcoholics, in diabetics, in patients 
vvith renal diseases, acquired immunodeficiency syn- 
drom e, cancer, celiac disease, and congestive heart íail- 
ure, and in those on long-term  use ol the diuretic 
furosemide. Thiam ine deíìciency also occurs in thia- 
m ine-responsive megaloblastic anemia due to a gcnetic 
defeci in ihe thiam ine transport system SLC19A2. 
Purtherm ore, delĩciency of thiam ine has been reported 
in the elderly despite an average daily intake of the 
vitam in thai exceeds the recom m ended requiremcnt.

Intestinal Thiamine Absorption

Hum ans and other maramáls cannot synthesize thia- 
m ine and thus must obtain the vitamin from exogenous 
sources via intestinal absorpúon. The intestine is 
exposed 10 two sources of ihiamine: a dietary source 
and a bacterial source (the latter is via synthesis of the 
vitam in by the norm al mícroílora of the large intestine). 
Previous studies using a variety of hum an and animal 
intestinal preparations have established the involve- 
m ent of a specialized, carrier-m ediated mechanism 
for thiam ine uptake in the small intestìne. Tliis includes 
studies w ith intestinal biopsíes, surgical specimens, 
purified jejunal brush border membrane vesicles iso- 
lated from hum an organ donors, and cultured 
hum an-derived intestinal epithelial cell lines. The iden- 
tified uptake system was found to transport the vitamin 
via a proton gradient-dependent exchange mechanism. 
A sim ìlar carrier-m ediated thiam ine uptake m echanism 
was also found at the apical m em brane of hum an colo- 
nocytes and is believed to be responsible for the uptake



of thiamine that is prođiKcd hv ihc itonnal microQora of 
the large intestine. Folỉo\ving ưansport into the cell, 
thiam ine is phosphoì N laíciỉ by liu action of the cvto- 
plasmic thiam ine p\Tophosphokinas<\ a process prob- 
ably aimed at increasing tỉu rcteiìtion oí the vitam in. lt 
then  exits the cell across IỉIc imestinal basolateral 
m em brane as free (unpìu^phorvliitecO thiamine. The 
m echanism  of transport 0 ! ihiamine across the 
hum an basolateral membrane aíso occurs Via a specia- 
lized carrier-m ediated mecỉianhm. One of the íactors 
thathavebeenshovvn lo i:U< rỉvrc vviih thenorm alintest- 
inal thiam ine uptake prccc's iỉ!\ :\r> is excessive alcohol 
intake. Also, the intesũnal ihiamme uptake proccss has 
been shown to be sensinve lo liu inhihitory eííect of ihe 
diuretic amiloridc.

Molecular Identity oi thc hnestinal Thiamine 
Transport System(s)

Insight in to  the motecuỉar KỈentity of the inteslinal 
thiam ine transport process lìíis begun to emerge in 
recent years with the cloning DÍ ivvo human thiamine 
transporters, SLC19A2 and SLC19A3. Both of these 
transporters were íoiiiNỈ ló hc cxpressed in ihe 
hum an intestine. In adcliiion. * hi' S L C Ỉ 9 A 2  prom otcr 
appears to be very aciivc íoỉl«»wing transíection into 
intestinal epithelial (.a< 0-2 ceíis Aỉihough these studies 
point to the possiblc iiivolvci!U‘Mt oi ihese transporters 
in intestinal thiaminc iibsiìrpi 1011 lụriher studies are 
required to establish tlieir rcìanvi' contribution.

Regulation of Intestina! rhiamine ưptake

Studies w ith hunuin-dcrivcd cultured intestinal 
epithelial cells havt' sho\vn thai the thiamine uptakc 
process is under 1 he iTgulation of an intracellular 
Ca2+—calmodulin-inediaiccỉ piuhwav. Also, thiam íne 
deíìciency has been reporteci lõ up-regulạte thiam ine 
uptake by hum an iniesŨMaỉ biopsv specimens.

VITAMIN B2

Metabolic Role and Dcficicnc\

Vitamin B2 (ribofla\ in ì, in Ì1 oenzvme ỉorms, ribo- 
Aavin-S^phosphate (FMN) .mú ỉlavin adenine dinu- 
cleotide (FAD), is invoK vd ,!) ’nan\ critical metabolic 
reactions including an1!IV.' a- ’(: 11 hohydralc and lipici
m etabolism  and in thi . on\ c: -lon oí íolic acid and 
pyridoxine into thcir vO<:nr.'> lì 11' iomis. Deíiciencv of 
riboílavin in hum ans k-ads M ; . arieiy of clinical ab- 
norm alities including dogrni ì ai!\c changes in ihe 
nervous system, encl()-,rine J\ •ỉiinciion, ancmia, and

skin disorders. Riboílavin deíicicncy and suboptim al 
levels have been reported in different conditions 
including alcoholism, patients w ith  diabetes mellitus, 
inflammatory bowel disease (IBD), or hum an ím- 
m unodeíìciency virus inĩection and those receiving 
chem otherapy.

Intestinal Riboílavin Absorption

Humans and other mammals have lost the ability to 
synthesize ribotlavin and thus m ust obtain riboílavin 
írom exogenous sources via intestinal absorption. The 
intestine is exposed to riboílavin frọm  tvvo sources: the 
diet and the bacterially synthesized vitam in in the large 
intestine. Dietary riboílavin exists mainly in the form of 
FMN and FAD. These forms are hydrolyzecl to free ribo- 
ílavin in the intestinal lum en prior to absorption, a pro- 
cess perĩorm ed by the action of intestinal phosphatases. 
The m echanism  of absorption o í dietary riboílavin has 
been extensively studied using a variety oí hum an and 
animal intestinal preparations. These studies have 
shown the proxim al part of the small intestine to be 
the preferential site of riboílavin absorption. Also, a 
specialized, carrier-m ediated m echanism  was íound 
to be involved in riboílavin uptake. The am ount of bac- 
terially synthesized riboílavin in the large inlestine var- 
ies depending on the diet, being higher following 
consum ptỉon of a vegetable-based di-et than o í a meat- 
based dict. In addition, the large intestine has bcen 
shown to be capable of absorbing a significant am ount 
of lum enally introduced riboflavin. The m echanism  of 
riboílavin absorption in ihe colon has been studied w ith 
cultured hum an colonic epithelial cells and has been 
shown to occur vỉa a carrier-m ediated system that is 
similar to that observed in the small intestine. Factors 
that have been shown to interíere with the norm al intest- 
inal riboQavin uptake process include alcohol and cer- 
tain tricyclic drugs, such as chlorprom azine. N othing is 
currently known about the m olecular identity of the 
intestinal riboílavin uptake system.

Regulation of Intestinal Riboílavin ưptake

The intestinal riboAavin uptake process has been 
sho\vn to be adaptively regulated by extracellular sub- 
strate levels and by speciíĩc in iracellular protein kinase- 
mediated regularorv pathwavs. O versupplem entation 
with pharm acological am ounts of riboíỉavin has been 
shown to lead to a signiíìcant and speciíìc down- 
regulation in riboílavin uptakc. On the o thcr hand, 
riboílavin deRciency caus.es a signiíicant and specific 
up-regulation in intestinal riboílavin uptake. The latter 
effect appcars to be mediated Via an increase in the



num ber (and /o r activity) of the riboílavin uptake car- 
riers with no changes in their affinity. The intestinal 
riboílavin uptake process was also íound to be under 
the regulation of an intracellular PKA-mediated path- 
way. This pathway appears to exert its effect via a 
decrease in riboílavin carrier activiiy/number. Further- 
more, the intestinal riboílavin uptake process was found 
to be ontogenically regulated during early stages of life.

VITAM IN B3

Metabolic Role and Deíiciency

The main [unction of vitamin B3 (also known as 
n i a c i n  o r  n i c o t i n i c  a c i d )  i s  t o  a c t  a s  a  p r e c u r s o r  fo r  t h e  

synthesis of two im portant coenzymes: NAD and 
NADP. Boih of ihese coenzymes are involved in main- 
t a i n i n g  t h e  r e d o x  S t a te  o f  t h e  c e l l .  Most NAD- a n d  

NADP-linked enzymes are involved in catabolic reac- 
tions, such as glycolysis and the pentose phosphate 
shunl. In addition, niacin appears to have a beneíìcial 
effect as a lipid-lowering agent. Severe niacin defi- 
ciency occur in hum ans and leads to pellagra, a đis- 
ease characlerized bv skin lesions, weighi loss, 
d iarrhea, inílam m ation of m ucous membranes, ver- 
lígo, and mental coníusion. Niacin deikiency occurs 
in alcoholics and in patients that carry m utations in 
the tryptophan transport gene (H artnups disease). 
Niacin deíiciency occurs in the latter population 
because tryptophan is a precursor for nicotinic acid 
production in the body.

Intestinal Nicotinic Acid Absorption

The body obtains niacin from two sources: endo- 
genously vía conversion of tryptophan to niacin, a 
process that occurs mainly in the liver and kidneys, 
and exogenously from the diet via intestinal absorp- 
tíon. Limited studies regarding ihe cellular and mole- 
cular aspects of intestinal niacin absorption are 
available. Uptake studies have shown the involvement 
of a carrier-m ediated, pH -dependent uptake system 
for nicotinic acid in mam m alian intestine. The 
reported pH dependence of intestinal nicotinic acid 
uptake process is in contrast to the reported sodium 
dependency of the vitam in uptake process in renal 
epithelial cells. Some of the internalized nicotinic 
acid undergoes metabolism to interm ediates of the 
Preiss-Handler pathway for NAD bìosynthesis. Noth- 
ing is currently known about the cellular regulation of 
the intestinal nicotinic uptake process.

VITAMIN B6

Metabolic Role and DeRciency

Vitamìn B6 consists of a group of structurally  related 
m ìcronutrients (pyridoxine, pyridoxal, and pyridoxa- 
m ine) that exist in both ưnphosphorylated and phos- 
phorylated forms. Pyridoxal phosphate is the most 
biologically active derivative and (unctions as a cofactor 
in several enzym atic reactions including those ínvolved 
in amino acid m etabolism. Vitamin B6 deíìciency leads 
to a variety of clinical abnorm alities including periph- 
eral neuritis, depression, coníusion, and dermatitis. 
Deíìciency an d /o r subopúm al levels of vitam in B6 
occur in alcoholics, patients with renal disease, dia- 
betics, those on long-term  use of certain m edications 
(e.g., isoniazid and other hydrazines), and ihose with 
B6-responsive anemia.

Intestinal Vitamin B6 Absorption

Hum ans and oiher m am m als cannot synthesize vita- 
m in B6 and thus m ust obtain the vitamin V ia  intestinal 
absorption. Dietary phosphorylated ĩonns of vitamin 
B6 are hydrolyzed in the intestinal lum en prior 10 
absorplion. A bsorption of the unphosphorylated vita- 
min B6 has been reporied to occur Via a nonsaturable 
simple diffusion process. Following absorption, the var- 
ious com ponents of vitamin B6 accum ulate w ithin the 
absorptive cell, prim arily in the phosphorylated form. 
The phosphate esters then are dephosphorylated over 
time, with Rnal transier of the products to the circula- 
tion across the basolateral m em brane. A lthough vitamin 
B6 status was íound to be regulated hom eosiatically, this 
does not appear to be due to alterations in intestinal 
absorpúon of the vitamin.

VITAMIN B12

Vitamin B I2 will be discussed only brieíly here.

Metabolic Role and Deíìciency

Viiamin B12 (also know n as cobalam in, Cbl) is 
im portant for m aintaining the norm al differentiation, 
proliíeration, and metabolic status of all cells. It acts 
as a coenzyme for two key enzymatìc reactions: the 
conversion of hom ocysteine to m ethionine and the con- 
version of m ethylm alonyl coenzyme A (coA) to succinyl 
coA. DeRciency of Cbl leads to ìntracellular accumula- 
tion and eventual secretion into the plasma of the meta- 
bolites of these two reactions, hom ocysteine and 
niethylm alonic acid. Elevated plasma levels of these two 
metabolites are a strong indicaúon of an intracellular



deíìciency of Cbl. Intracellular Cbl deíìciency can arise 
due to m ulũple causes that include both acquừed and 
inheriied disorders. Strict vegetarians and vegans 
develop Cbl deíìciency due to a lack of intake, and 
patients w ith tapeworm infestatỉon or bacterial over- 
growth develop Cbl deíiciency due to com petition for 
dietary Cbl. These patients can be treaied successíully 
with adequate in takeoí Cbl when theunderlyingcause is 
elim inated with antibiotics. However, patients with gas- 
tric surgery (partial or complete) or surgery of the ileum 
(chronic inílam m ation) will develop Cbl deíĩciency as 
they w ill not be able 10 absorb Cbl due lo decreased levels 
or total loss of intrinsic factor or the ileal receptor, 
respectively. In these patients, along with children 
who have inherited disorders involving intrinsic factor, 
its ileal receptor, or the plasma transporter transcobala- 
min 11 or a num ber of đeỉects that involve its intracellular 
utilization, deíìciency of Cbl is perm anent and m ust be 
treated on a regular basis with intram uscular injections 
of pharmacological doses of Cbl. Another factor ihat 
im eríeres with intestinal Cbl absorpúon in hum ans is 
excessive ethanol eonsum ption.

Intestinal Cobalamin Absorption

Humans and oiher mammals tnusl obtain Cbl (rom
the diet because they cannot synthesize the vitamin. 
After digestion, free Cbl binds to a hydrophobic protein 
ligand, the gasiric intrinsic faclor (1F), prior to absorp- 
tion. Cbl bound to the IF is then endocytosed via a 
distinct cell surface receptor, the intrinsic facior— 
cobalam in receptor (also called cubilin), located at 
the brush border membrane of distal ileum epithelia. 
In hum ans, IF is localized mainly to the parietal cells, 
but it is also detected at the margins of the anatomical 
regions in clusters of chief cells, enteroendocrine cells, 
and cndothelial cells. IF is a glycoprotein with one c.bì- 
binding site. Ít is believed that the carbohvdrate moiety 
of IF affords protection from proteolytic degradaúon. 
This is not too surprising considering the ability of IF to 
rem ain structurally and íuncùonally intact even aíter its 
exposure to proteases ol ihe stomach and intestinal 
lumen. Following endocytosis of the IF — Cbl complex, 
the 1F portion is degraded. This is followed by intracel- 
lular formation of a ưanscobalam in [I—Cbl complex 
and release into circulation across the basolateral 
m embrane.

V ITA M IN  c

Metabolic Rolc and Deíìciency

Vitamin c  (ascorbic acid) is required by a!l celỉs; it 
íuncúons as a povveríul antioxidant, assists in maintain-

ing meial ions in their reduced forms, and plays a role 
in a variety of hvdroxylatíon reactions. Vitamin c  defi- 
ciency leads to scurvy, a disease that is primarily due to 
an abnormality in  collagen formation that leads to, 
arnong other ihings, bleeding [rom the gums and 
joint, muscle, and dysưophic hair deformities. The inci- 
dence of vitamin c  deíìciency or scurvy is rare in đevel- 
oped countries and usually occurs in certain 
populations al risk, such as individuals witb alcoholism 
and the elderly.

Intestinal Vitamin c Absorption

Primates and guinea pigs are the only mammals that 
cannot synthesize ascorbic acid from glucose endogen- 
ously and thus have a dietary requirem ent for ihe vita- 
m in and obtain it via intestinal absorption. Dietarv 
vitam in  c  occurs in tw o forms: the reduced  íorm  
(i.e., ascorbic acid, AA) and the oxidized form (i.e., 
dehydroascorbíc acid, DHAA). Intestinal absorption 
of AA has been the subject of extensive investigations 
using a variety of hum an and anim al intesúnal prepara- 
lions. Upiake was found to occur w iihoul signilìcant 
meiabolic alterations in the ưansported  substrate and 
to involve a specialized, N a+-dependent, carrier- 
medìated system ihat is localized at the apical mem- 
branc of the absorptive enterocytes. Exit of AA from 
the enterocyte across the  intestinal basolaieral mem- 
brane occurs via a Na+-independent carrier-m ediated 
system.

As to DHAA, the am ount of thís íorm of the vitamin 
in the hum an diet is not lully docum ented bui it is likely 
to increase during prolonged storage of food. The intest- 
inal absorptive cells are capable of taking up DHAA and 
metabolizing it to ihe reduced ascorbic acid. The 
mechanism of uptake of DHAA across the intestinal 
brush border m em brane appears to be via a Na+-inde- 
pendent transport process. This process is believed to 
involve the mammalian ĩacilitative hexose transporters 
and appears 10 represent a phvsiologically signiíìcant 
pathway for uptake and accum ulalion of vitamin c  
by manv different cells.

Molecular Identity of Ascorbic Acid 
Transport System(s)

Two Na+-dependent L-ascorbic aeid transporters, 
the so-called sodium -dependent vitamin c  transporters 
L and 2 (SVCT1 and SVCT2, respectively), have been 
cloned and shown to be expressed in íntestinal absorp- 
t iv e  c e l l s .  T h e  l e v e l  o f  e x p r e s s io n  o f  S V C T 1  is m a r k e d ly  

higher than that of SVCT2, and SVCT 1 appears 10 play a 
more im portant role in the overall intestinal AA absorp- 
tion process. Both transporters have higher selectivity



lo r  L - a s c o r b ic  a c id  t h a n  f o r  D - i s o a s c o r b i c  a c id  a n d  d e h y -  

droascorbic acid; also, the-y both transpori L-ascorbic 
acid via an electrogenic N a ’ -dependent process (stoi- 
chiometric ratio of 2 :1 for Na : to ascorbic acid). SVCT1 
was found to share 65% identity  with SMVT2 at the 
a m i n o  a c i d  l e v e l ,  b u t  n o  i d e n t i t v  w a s  f o u n d  b e t v v e e n  

these two transportersand  otherm am m alían  m em brane 
transporters.

Regulation of Intestinal AA Uptake

Animal studies have show n that the process of 
intestinal AA uptake is dovvn-iegulated following over- 
supplem entation of the vitamin. No iníbrm ation, how- 
ever, exists as to ihe m olecular m echanism (s) involved 
in this adapùve regulation.

BIOTIN

Metabolic Role and Deficiency

Bioiin acts as a coenzvme for four carboxylases iliat 
are essential lor gluconeogenesis, the metabolism of 
several bnmchccl-chain am ino acicls, and fatty acid 
synthesis. Deíìciency of biotin leads to serious clinical 
abnorm alities, which include ncurological disordcrs, 
growih retardaúon, and derm al abnorm alities. Also, 
;U least in animals, biotin dcíiciency during pregnancy 
leads to em bryonic growth retardation , congenital mal- 
lormation, and death. The incidence of biotin deRciency 
and subọptim al conđitions has been reported with 
increased írequency in receni years. Biotin detìciency 
has been reported in patients with inborn errors of bio- 
lin metabolism, in patients on long-term  therapy with 
anũconvulsant agents, and in patients on long-term  par- 
enteral nutrition. Suboptim al biotin  levels have also 
been reported duringpregnancy, insubstantial num bers 
of alcoholics, in patients w iih inílam m atory bowel dis- 
eases, and in iníants w ith seborrheic derm atitis and 
L einers clisease.

Intestinal Biotin Absorption

Mammalian cells cannot synthesize bíotin and thus 
m ust obtain the viiam in from exogenous sources vía 
absorption in the intestine. The intestine is c.xposed 
to two sources ol biotin: a dietary source and a bacterial 
source (the latter being via synthesis of the vitam in by 
the nonnal m icroílora of the large intestine). Dietarv 
biotin ex ísts in  free and pro tein-bound forms. The latter 
íorm is digested íìrst by gastrointestinal proteases and 
peptidases to generate biocytin  (N-biotinvl-L-lysine) 
and then is converled to free biotin bv ihe action of 
ihe enzvme biotinidase. The m echanism  of absorption

of free biotin in the small intestine has becn studicd 
using a varietv of hum an and animal intestinal prepara- 
tions. These studies have shovvn the involvem ent of a 
specialized, N a~-depcndent carrier-m ediated m echan- 
ism for biotin uptake across the intestinal brush border 
membrane. At the basolateral m em brane, biotin was 
íound to exit the cell via a Na+-inđependent carrier 
system. In aduli hum ans, biotin uptake is signiBcanily 
higher in ihe duodenum  and jejunum  than in the ileum. 
Recently, it has been recognized that the intestinal bio- 
tin transport system also iransports the structurally and 
íunctionally unrelated vvater-soluble vitamin pantothe- 
nic acid and the m elabolicallỵ im portant substrate 
iipoate. Thus, a new name was given to the iransport 
system: ihe sodium -dependent m ultivitam in transpor- 
ter (SMVT). The nutritional consequences of com peti- 
tion beiween these vitamins for a com m on transporter 
are not currently known. Ắs lo transport of the bacte- 
rially synthesized biotin in the large intestine, an effì- 
cient N a+-dependeni, specialized, carrier-m ediated 
system (similar to ihat of the small intestine) has been 
idemitĩed in hum an colonocytes. Among the lactors thai 
have been shown to negatively interĩere with the norm al 
imestinal biotin transport process are the long-term  use 
of certain anti-epileptic m edications (Prim idone and 
Tegretol) and alcohol intake.

Molecular Identity of ihe Intestinal Biotin 
Transport System(s)

The m olecular identity of the intestinal biotin trans- 
port system, SMVT, was delineated iollowing cloning of 
its cDNA from a num ber of species including hum ans 
and rats. At least in rats, signiíicant heterogeneity was 
found in the 5 '-untranslated region of the SMVT cDNA, 
with four distinct variants (I, II, III, and IV) being iden- 
ùíied. Variant 11 was íound lo be the predom inant form 
expressed in the small and large intestine. Also, villus 
cells were lound lo express signiíìcantly more SMVT 
message ihan crypt cells. Purtherm ore, the 5'-regulatory 
regions of ihe hum an and rat SMVT gcnes have been 
cloned and characterized and m ultiple prom oters that 
drive transcription of these genes have been identiíìed.

Regulation of Intestinal Biotin Uptake

The intestinal absorption ol biotin was found to be 
regulated both by extracellular substrate level and by 
speciíìc intracellular protein kinase-m ediated path- 
ways. Biotín deficiency was íound to lead to a speciíìc 
and signiíicant up-regulation in biotin intestinal 
uptake. On the other hand, oversupplem entation 
with phartnacological doses of biotin was found to 
leacl to a speciíìc and significant dovvn-regulation of



the intestinal biotin uptake. These effects were found to 
be m ediated  m ainly via changes in the n u m b er of the 
biotin transport carriers. Also, an intracellular proteìn 
kinase c and a Ca2+/calm odulin-m ediated pathway 
appear to play a role in  regulating the intestinal biotin 
uptake process. Furtherm ore, the intestinal biotin 
uptake process was show n to undergo  on iogen ic regu- 
lation during early postpartum  developmenL

FOLIC AC1D

Metabolic Role and Deficiency

The coenzyme derivaúves of the vitamin folic acid 
(folate) are necessary for the synihesis of purine and 
pyritnìdine precursors of nucleic acids, for the metabo- 
lism of certain amino acids, and for the initiation of pro- 
tein synthesis in m itochondria. Folaie deíìciency leads 
to a variety of clinical abnormalities including megalo- 
blastic anem ia and growth retardation. Receni studies 
have also suggested that low íolate levels may play a 
role in the etiology of coronary artery disease (via íolate 
involvement in the metabolism of homocysteine) and 
colonic, cervical, and lung neoplasia. In contrast to ihe 
negative consequences of íolate detìciency and  subopú- 
mal levels, opiim Í2ation of íolaie body homeostasis has 
been shown to be effective in preventing certain diseases 
(e.g., prevention of neural-tube deíects) and has also 
been reported to decrease the risk of developing certain 
types of cancer, m ost notably  in the colon. Folatc detì- 
ciency is a h ighly prevalen t v itam in deRciency th rough- 
out the w orld . In the W estern  HenúSỊDhere, a signiHcant 
num ber of folate deíìciency cases result from impair- 
m entin in testinal absorption of the vitamin. This impair- 
ment is com m on in a variety of intestinal diseases (e.g., 
IBD) and has also been associated w ith the use of certain  
pharmacological agents (e.g., sulfasalazine, phenytoin). 
Furtherm ore, im pairm ent in intestinal folate absorption 
due to congcnital defects has also been reported.

Intestinal Folate Absorption

Hum ans and other mammals cannot svnthesize 
folate and thus m ust obtain the vitamin via intestinal 
absorption. The intestine is exposed to folate from 
two sources: a đietary source, vvhere the vitam in is 
absorbed in  the small intestine, and a bacterial source, 
where the vitam in issynthesized by normal microílora in 
the large intestine. The m ain form of dietarv folate is the 
folate polyglutamate form. This form musi be converted 
to the folate m onoglutam ate form priọr to absorpiion, a 
process achieved via the special action of the intestinal 
íolate hydrolase. The absorption of the released folate 
monoglutam ates has been the subịect ol extensive inves-

tigations. These investigations have established that 
(1) the proximal part of the small intestine is the main 
site of absorption of dietary folate with signiíìtamly less 
uptake in the ileum; (2) a specialized, carrier-mediat('d 
system is involved in folate uptake across the apical 
membrane of the absorptive cells that transports the 
vitamin by an electroneutral process; (3) the uptake 
system is highlv dependent on an acidic extracellular 
pH with signiíìcantly less uptake at neutral and alkaline 
pH; and (4) the uptake system transports rcduced (e.g., 
5-methyItetrahydroíolate, 5-MTHF), oxidized (e.g., 
íolic acid), and substituted (e.g., the folate analogue 
methotrexate, MTX) folate derivatives with similar afíi- 
nities. The last two feaiuresof the intestinal Iblate uptake 
process are unique to the intestine and ạre different from 
the widely characierized folate uptake process of non- 
polarized cells, such as that of the mouse leukertiia LI 2 10 
cells. The intestinal epithelial cells are also unique com- 
pared to other absorbing (iransporting) epithelial cells 
such as those of the kidney and the placenta, in that they 
do not utilize the other folate uptake mechanism via the 
folate receptor (also knovvn as the membrane íolaie- 
binding protein) under normal condiúons. The faclors 
that negaúvely affect intestinal ĩolate absorption are 
alcohol consum ption and the use of certain pharmaco- 
logical agents, such as sulfasalazine and phenytoin.

As to the bacterially synthesized íblate in the large 
intestine, studies using apical m embrane vesicles iso- 
lated írom thc colon of organ donors and cultured 
hum an colonic cpithelial NCM 460 cells have shown 
the uptake to be via a speciíìc, carrier-mediated, pH- 
dependent, uptake mechanism that is sensilive to the 
elĩect of the anion exchange inhihitor D1DS. The systt-m 
appears 10 be similar (or identical) to that in the small 
intestine.

Molecular Identity of the Intestinal Folate 
Transport System

The molecular identity of ihe intestinal folate uptake 
s-ystem husalsobeendelineated bycloningitscD N A írom  
human and mouse intestine. The open reading ửam es of 
the hum an and mouse intestinal cDNA clones wt-re 
found to be very sim ilar (or identical in the case of ihe 
mouse) to ihe open readíng frame oi the cDNA of ìhe 
reduced ĩolate carrier cloned from nonpolarized cells of 
ihe respcctive species. This is despite ihe fact thai the 
characteristics of the íolate uptake process in these clis- 
tinct cell lypes are different. Subsequent studies have 
shect sotne lighi onto how the reduced íolate carrier 
(RFC) exhibits such different characteristics in distinct 
cells and suggeslcd thai the cell environm ent may play a 
role in causing the difference.



Regulation of lntestinal Foỉate Uptake

The inlesúnal folate absorption process appears to 
be under the regulation of exitacellular and im racellular 
mcchanisms. Dietary íolate deíìcíency has been shown 
to tead to a signiRcant and specific up-regulation in 
fol.ite uptake. This up-regulatìon appears to ìnvolve 
transcriptional regulaiorv m echanism s. lntracellular 
prciein tyrosine kinase- and protein kinase A-inediated 
paihways have also been reported to play a role in reg- 
ulating thc intestinal folate uptake process. Further- 
mcre, ihe intestinal folate uptake process was found 
to undergo ontogenic regulation during the early stages 
o f  ife.

PANTOTHENIC ACID

Pantothenic acíd is needed for the synthesis of coen- 
zyne A and acyl carrier protein in  m am m alian cells and 
thv.s is im portant in the metabolism ofcarbohydrate, fat, 
ami, to a lesser extern, protein. Pantothenic acid defi- 
cieicy in hum ans is rare, bui its induction leads lo 
dej’ression and íatigue. As w ith  most other vvater- 
sol-ible vitam ins, mammals lack the ability to synthesi2e 
pantoihenic acid and thus must obiain the vitamin ữom  
exogenous sources vía intestinal absorption. The intes- 
tin<' is exposed to two sources of pantothenic acid: diet- 
ary and bacteiial. Dieiarỵ pantoihenic acid exists mainly 
in thc form of coA, which is hydrolyzed to free pan- 
tothemc acid in the im estinal lu m en p rio r to absorption. 
The mechanìsm of absorption of pantothenic acid in 
the small intestine involves the same carrier-m ediated 
Na -dependent system that iransports biotin (i.e., 
SMVT; see Biotin above). Similarly, colonic absorption 
of pantothcnic acid was found to involve the same biotín 
N a '-dependen t, carrier-m ediated system. It is w orth 
m entioning that the interaction between biotin and 
pantothenic acid transport has also been seen in  
other tissues and organs, such as the b lood—brain 
barrier, ihc heart, and the placenta. However, the nutri- 
lional consequences of such interactions have not been 
invesúgated.

SUMMARY

The water-soluble vitamins are essential for norm al 
huinan health and well-being. Deíiciency of these 
m kronu trien ts leads to a variety of clinical abnorm al-

ities, some of which have been recognized since ancient 
limes. For hum ans, water-soluble vitamins are obtained 
from exogenous sources via intestinal absorption. Stu- 
đies using a variety of hum an and animal intestinal 
preparations including ìntact tissues, cellular prepara- 
tlons, and m em brane vesicles have established thai for 
most of these m icronutrients, efficient and specialized 
carrier-m ediated transport systems exist. Some of these 
systems are driven by N a+ gradients, others are driven 
by H ’ an d /o r OH_ gradients, and yet others are not 
affected by an ion gradient. In addition, the molecular 
identity of some of these transport systems has been 
delineated by cloning and their prom oters have been 
characterized. Fưrtherm ore, it is now know n that a 
variety of intestinal diseases and conđitions negatively 
interíere with the norm al absorption process of these 
nutrients and thus w arrant closer attention by the treat- 
ing physician to avoid deíìciency and prevent subopti- 
mal levels from occurring.
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S te p h h n  A . Ol.JESK! a n d  R o y  M c C a u le y  

T u/ís—Nevv E ng land  M cdicaỉ C cntc i

antrum Distal portion of the siomach between the bodv and 
the pvlorus.

atresia Nondeveloprnent of an expected structure. 
double-bubble sign Radiographic appearance signiíying 

duodenal obstruction. Consists of large air collections 
in the stomach and in the duodenum, without visualiza- 
tion of gas more distally in the gastrointestinal tract. 

cluodenum T h e fưst p o rtio n  o f  the sm all in te sú n e , located  
betvveen ihe stomach and the jcjunum. 

stenosis Narrowing.
web A thin sheet of tissue or large mucosal fold protruding 

into the lumen of a hollow organ, often causing 
obsiruction.

vvindsock A type of parlially obstrucling duodenal web ihat 
balloons into the more distal duodenum lìke an imernal 
diverticulum.

G a s t r o i n t e s t i n a l  w e b s  a r e  a n  u n c o m m o n  f o r m  o f  c o n g e -  

n it a l  o r  a c q u ir e d  s t e n o s i s  f o u n d  in  a  v a r i e t y  o f  l o c a t i o n s  

v v ith in  t h e  g a s t r o i n t e s t i n a l  tr a c t .  T h e  w e b s  d i s c u s s e d  

h e r e i n  in c l u d c  c s o p h a g e a l ,  a n t r a l ,  a n d  d u o d e n a l  w e b s .  

T h e y  m a y  b e  c o n g e n i t a l  o r  a c q u ir e d  a n d  t h e y  p r e s e n t  in  

b o t h  a d u l t s  a n d  c h i ld r e n .

1N T R O D U C T IO N

As outlined above, a gastrointestinal (Gl) web is an 
uncom m on Rnding and can be identified in a num ber of 
locations throughout the alimentary tract. This article is 
concerned with three of the raore com m on GI webs: 
esophageal, aniral, and duodenal. The com m on clinical 
presentations, diagnoses, imaging Rndings, and curreni 
therapies will be outlined brieíly, though it is im portant 
to note that iheories of pathogenesis and treatm ent con- 
tinue to evolve. Pertinent radìographs will also be 
included and links with other dísorders will be 
examined.

E SO PH A G EA L W EBS

Esophageal webs (often equated vviih rings) may be 
found as either congenital or acquired lesions. Many can 
be linked with speeilìc disease states, whcrcas others are

found as isolated lesions. The presenlation, diagnosis, 
and therapy depend on both the putative mechanism 
and ihe age of the patient. In general. webs rarelỵ pro- 
trude more ihan 5 mm into the lumen, are eccentrically 
located, and average 2 —4 mm in thickness (Fig. 1). Most 
are asvmptomatic. They can be found anywhere along 
the esophagus. though most are anterior and postcri- 
coid. Webs in thc upper esophagus are covered wúh 
squam ous mucosa, whereas those in the lower esopha- 
gus are often covered w ith colum nar gastric mucosa. AU 
are believed to contaìn mucosa and submucosa wiih 
scaniy m uscular tìbers.

C o n g e n ita l E so p h ag ca l W ebs

Congenital esophageal webs are relatively uncoin- 
mon and can be located at any levcl. lf the web is com- 
plete and totally excludes the lumen, il will present as 
a form of esophageal atresia. These are thoughl to be 
secondary to íailure of recanalization of the primitive

F1G U R E 1 Arrow ind ica testhc  locaúon of the c sophageal web.



foregut, Single webs are more com m on than multiple 
wi'bs. The prevalence is unknow n, but is estim ated to be
1 in 25,000—50,000 live births, with ícmales more com- 
monly affected than males. There is no etbnic predilec- 
tion. A llhough isolaied webs have been reported, they 
arc more likely to occur in corýunction with Lracheo- 
esophageal í is tu la s ,  Down’s syndrom e, VACTERAL 
malíormations. and prem aturity. W ebs severely com- 
prom ising the lumen are often discovered at birth by 
inability to pass a suction catheter. O thers may not pre- 
sent until later in childhood or adulthood (usualỉy 
betore the age of 40), when inability to feed, vomiúng, 
and aspiralion are noted. A web thai severely narroxvs 
the lumen is not compatible with life and early enđo- 
scopic diladon or transihoracic surgical removal is 
necessary following stabilization of the patient’s đin ical 
condition. Diagnosis is most often made by endoscopy. 
Uppcr GI studies can also be diagnostic, though ihere. is 
a real risk of aspiration of the contrast m edium .

A special case oíCQngenital webs is the Schatzki ring. 
Also com posed ol both inucosa and subm ucosa, it is 
typicallv located at the gastroesophageal ịunction and 
is belicved to mark the proximal margin of a hiatal 
hernia. A lthough some believe that the ring offers pro- 
tection against gastroesophageal reílux, this is not gen- 
erally agreed upon. Meat im p a c t io n  and P rogress ive  
đysphagia are com m on, though many adults are asymp- 
tomalic. In older paúents, gastroesophageal reílux 
discasp (GFRD) should be ruled out.

Acquired Esophageal Webs

Acquired webs, found in both children and adults, 
are secondary to a variety of causes. Most are postcri- 
coid, The true incỉdence of acquìred webs is unknovvn, 
as ‘)5% are asymptomatic. Webs are found in approxi- 
maiely 6 —14% of barium exam inations of the upper 
gastrointestinal tract and diagnosis can be made by 
boih upper GI barium  study and endoscopy. The com- 
mon clinical com plaint is interm ittent dysphagia for 
solid íbods, alternating wìth long periods of normal 
swallowing. Dysphagia is m ost likely if the web narrows 
the lumen to less than 13 mm in diameter. Acquired 
esophageal webs can be íound associated with chronic 
GERD, Plum m er-Vinson syndrom e, hiatal hernias, cir- 
catrious pem phigoid, chronic iníection, celiac sprue, 
connective tissue disorders, or ingesúon of corrosive 
agents. Trealm ent of the underlying condition, such 
as correction of the anemia in Plummer-Vinson syn- 
drotne or anti-reílux m edications in GERD, will often 
correct the web. lí  this is not the case, endoscopic 
dilation or surgical disruption can be performed.

Progressive dysphagia or increasingpain should prom pt 
a search íor underlying malignancy.

ANTRAL WEBS

Ccingeniial gastric outlet obsưuction resulting from 
an trai webs is qui te uncom m on and represents less 
than 1% of stenoses of the alimentary tract. The cause 
of the defect is unknow n, but íailure of recanalization of 
the prim itive foregut is again implicated. A small num - 
ber of nonobstructing webs can be seen in association 
w ith conditions such as h)rperirophic pyloric stenosis. 
Sex distribution is approxim alely equal. Mosl cases of 
com plete aniral webs present on the first day oflife with 
nonbilious vomiting, feeding difficullies, and abdom - 
inal distension with no distal gas. Gastric períoraúon 
is a real danger. Hovvever, the degree of obstruction 
dictates the severity of symptoms. Older children and 
adults with less severe narrowing may present w ith nau- 
sea, vomiting, abdominal pain, and weight loss. Diag- 
nosis of an aniral web (Fig. 2) is suggested by the 
findings of a thin persistent septum  near the pyloric 
channel 011 barium  exam inaúon. Disruption oí peristal- 
sis to the level of the antrum  is also suggestive of the 
diagnosis. Endoscopy can confirm the diagnosis. Treat- 
m ent of this rare lesion entails correction of metabolic 
disturbances, as well as nasogastric tube placem ent. 
Surgical or endoscopic repair, consisting ofsim ple exci- 
sion or pyloroplasty, can then be undertaken.

F IG U R E  2  C ircu m fercntia lnarrow ingof the gastric antrum  by 
a w cb (arrovv).



DUO DENAL WEBS

As is the case with the esophageal webs discussed ahove, 
duodenal vvebs may form as a result of primary íailure oi 
recanalization of the prim itive (orcgut in the íourth lo 
fifth week of developm ent, though this is debated. 
Nearly all duodenal webs are congenital in origin and 
nearly all are discovered vvithin a fcvv days of birth, 
although diagnosis may be delayed until adulthood if 
the degree of obstruction allovvs the passage of food. 
Sìngle webs are more common than multiple webs 
and are most oíten íound in the first and second portions 
of the duodenum . Complete duodenal webs are ihe most 
com m on forms of duodenaỉ airesia, vvhich occurs in 
approxim ately 1 in 1000 births. The webs take the 
íorm of an intact rnembrane seen obstructing the 
lumen. Incom pleie webs may present as the "vvindsock 
deíormity," in which an ỉncomplete and distensible 
m em brane spanning the lumcn stretches and balloons 
dow nstream . Ít is often associatcd with abnormalities of 
the biliary system.

As is alluded to above, the diagnosis of duodenal 
webs is usually made an  the first day of life. Plain radio- 
graphs will dem onstrate the "double-bubble sign ' 
(Fig. 3) of air in the distended stomach and proximal 
duodenum  w ithout visualizaùon of more distal gas. 
Contrast studies are rarely indicated and may be pre- 
cluded secondary to the risk of aspiration of the corurast 
m edium . Annular pancreas and malroiation of thc 
bowel with Ladd’s bands must he considered in the 
differential diagnosis. Increasinglv, prenaial ultrasound 
can suggest the diagnosis.

A num ber of associated conditions are seen in 
patients with duodenal webs, including polvhydram- 
nios (5 — 20%), Down’s syndromc (20—30%), VACT- 
ERAL anomalies, jaundice, esophageal atresia, and 
congenìtal heart disease. The initial treatm ent of the 
affected inlant includes nasogastric tube decompres- 
sion and correction of electrolyte balance. Associated 
abnorm alities such as those noied above should be 
excluded before repair, as 33% of thcse infants 
have life-threatening abnormalities. Repaìr by duode- 
nodudenostom y or duodenoplastv can then be 
undertaken.

F IG U R E  3  The ■‘double-bubble” sign  indicative ol duodcnal
obstrucúon.
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R e n e  M a h n e l  a n d  T h o m a s  M a rth

D eu tsch e  K ỉin ik  f ũ r  D ia g n o stik , W iesbadcn , G erm a n v

T rơ p h e ry m a  w lú p p le i  The b acteriu m  ca u sin g  W h ip p le ’s  
d isea se .

W h ip p le ’s  d ise a se  A rare ch ro n ic  d isea se . T h e m a in  
sy m p to m s are vveight lo s s , arthralgia, d iarrhea, and  
a b d om in a l p a in . T he cu rren i m ed ica l trea tm en i still 
d e p e n d s on  em p ir ic  an tib io tic  reg im en s w ith  variable  
r a ies o í su cc ess .

W hipple’s d isease w as first described in 1907 as in testinal 
lipodystrophy. It is a rare in ỉectious disease caused by the 
actinom ycete Tropheryma  vv/iippỉei. w h ip p le ’s disease 
occurs m ostly in m iddle-aged caucasian m en. As of 
1987, approxim ately 700 cases have been reported  in 
the literature.

ETIOLOGY, CL1N1CAL FEATURES, 
AND DIAGNOSIS

T. ư lì ip p lc i  isp ro b ab ly a  ubiquitously occurringbacter-
ial agcnt as its presence in soil, in waste water, and in the 
s a l iv a  ol hcalthy persons has been ascertained by poly- 
merase chain reaction (PCR). It is an actinomycete that 
vvas phylogenetically characterized in 1991 and now has 
been cultured and formally named. The bacterium  has a 
typical m orphology with a trilamellar cell wall as 
observed by electron microscopy (Fig. 1). T. w h ip p ỉe i  
can be found intra- and extracellularly and infested tis- 
sue pathognom onically r e v e a ls  a s t r o n g  positivity for 
polysaccharides, m ucoproteins, and glucoproteins in 
the periodic acid Schilĩ (PAS) reaction. T. w h ip p le i  is 
poorly gram -stained in tissue but is gram-negative in 
cell cuLture. Histologically, the írequently affected small 
intestine oíten appears thickened and eclematous w ith a 
m arked iníiltration by large macrophages and lipid 
deposits, which are the result of villous lym phatic 
blockade.

There is evidence that host íactors contribute to the 
clinical manifestations of W hipp]e’s disease. Celiular 
im m une function, i.e., m acrophages and T lympho- 
cytes, seem  to be prim arily affected. In addition to a 
reduced proliferation rate of T lym phocytes aíter 
stim ulaũon, a reduced CD4/CD8 ratio can be found. 
O ther alieralions are an increased mem ory T-cell

F IG U R E  1 Electron m icroscopic vievv o f  T. tvhipplei 
( x 20 ,0 0 0 ), shovving abundant rod-shaped bacteria w ilh  an 
approxim ate size o f 0 .5  —1.5 X 2.5 um.

subpopulation with a sim ultaneous decrease in naive 
T cells. A dim inished expression of C D llb  and a 
signiíicanily reduced production of T hI cytokines 
(interleukin-12 and interíeron-y) after stim ulation of 
monocytes in v i t ro  are also seen. The pathogenetic sig- 
niíìcance of the latter im m une defects is unđerscored 
by the fact that they are not only present in ílorid 
disease but persist even in patients with long-term  
remission.

The main clinical features are weight loss due to 
abdominal m aniíestations, fever, or inappetence, as 
well as nondestructive, migratory, seronegative arthro- 
pathies oíten preceding other sym ptom s by many years. 
Abdominal sym ptom s such as diarrhea and abdom inal 
pain may be accom panied by the full spectrum  of a 
m alabsorption syndrom e. Therefore, W hipple’s disease 
was considered mainly a gastrointestinal disease for a 
long time. However, as the baclerium  spreads systemi- 
cally, num erous o ther organs and systems, such as the 
heart, lungs, and Central nervous system, may be 
affected (Table I).

The diagnosis is usually made by duodenal biopsy. 
Diagnosis may also be established, for example, from 
lymph node biopsies, endoeardial tissue, synovia, and



TABLE I Clinical Features of w hipp le’s Disease

A pproxim ate  
in c id en ce  (%)

M ajor clin ica l features
W eight loss 95
Arthropathy 85
Diarrhea 75

Frequent s ign s and  sym p tom s
System ic

Fever 50
L ym phadenopathy 50
H yperpigm entation 45

G astroin testinal
A bdom inal pain 65
O ccu lt b leeding 25
A bdom inal m ass 20
Splenom egaly 15
H epatom egaly 15
A scites 10

O ther
H ypotension 40
Pcripheral edem a 35
Cardiac m urm urs 35
M yalgia 25
Chronic cough 20

O ther le s s  írequen i c lin ica ỉ sign s
Pleuritis
Pleural eííu sion
Endocarditis
M uscle w asting
G lossitis
Peripheral neuropathy
Eye involvem ent (e .g ., visual lo ss ,

uveitis , retin itis)
CNS in volvem ent (e .g ., dem entia,

ophthalm oplegia, m yoclon us, ataxia,
nystagm us)

cerebrospinal íluid (CSF) and these tests should  also 
be confirm ed by duodenal biopsy. The presence of 
bacterial DNA can be veriiìed using PCR. Bacterial

DNA oíten can be íound in the CSF at the tiư.e of 
diagnosis.

T H E R A P Y

Due to the small num ber of cases, antibiotic treatment is 
based on em piric observations and there is stiìl nc evi- 
dence-based therapy regimen. In the inĩtial the:apy, 
ceítriaxone, which has good CNS penetratiorì, is fre- 
quently used at a dose of 2g/day intravenousl' for
2 weeks. This should be followed by a long-terrr. oral 
antibiotic regimen. M ost ừequently, trimethoprim/ 
sulfam ethoxazole (800 mg/160 mg), which has ạ good 
penetraiion o í the b lood—brain barrier, ìs used for a 
> l-y ea r period. In m any cases, this therapv is alle to 
elim inate T. wh ip p ỉe i ,  w hich should be checked iisio- 
logically after 6 and 12 m onths. However. in cases with 
reíractọry or relapsing disease, or in the case cf a CNS 
m anifestation, ihe prognosis may be poor u p  lo 4)% of 
all patients may have a clinical relapse wiih 1 hgher 
incidence of neurological symptoms.

See Also the Following Articles 
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M i c h a e l  L. S c h i l s k y

R eca n a ti/M iỉỉe r  T ra n sp la n ta tio n  ỉn s litu te , M o u n t S in a i M edical C en ter, N e w  York

A T P 7B  Human co p p er-tra n sp o rtin g  A T Pase that is the  
p rođuct o f  the W iIso n ,s  d isea se  g e n e  (A T P 7 B ) . T he gen e  
is  exDressed m a in ly  in  h ep ato cy tes; the en cod ecỉ p rotein  
m aitr.ains cop p er h o m e o sta sis  b y  e x p o r t in g  co p p er  from  
the hepatocvtc in to  b ile . 

ceru lo p la sm in  C o p p er -co n ta in in g  se ru m  g ly c o p r o te in  pro- 
duced mainly in the liver; binds six  copper atoms per 
m ole^ule of p ro ie in .

K a v se r—F leischer r in g  C orneal d e p o s its  o f  c o p p er  p resen t in  
D esccm et’s  m em b ran e; v is ib le  o n  s lit  lam p  ex a m in a tio n , 
an d , w hen m ore p ró n o u n c e đ , by d irect v isu a liza tio n .

In  W ils o n ’s d is e a s c , c o p p e r  a c c u m u la te s  to  to x ic  lev e ls  in  
th e  liv e r. b ra in , a n d  o th e r  s i te s  in  th e  b o d y . when d is -  
c o v e re d  in  a t im e ly  ía s h io n ,  m a n y  o f  th e  to x ic  e f fe c ts  o f  
c o p p e r  a c c u m u la tio n  c a n  be  p re v e n te d  o r  r e v e r s e d  b y  
m e d ic a l  th e ra p y , vvhich m u s i  be  c o n t in u e d  fo r  life . F a i lu re  
t o  in it ia te  t r e a tm c n t,  o r  i n te r r u p t io n  o f  t r e a tm e n t ,  c a n  
le a d  to  liver in ju ry  a n d  l iv e r  ía i lu re  a n d  d e a th ,  o r  to  n e u -  
ro lo g ic a l an d  p s y c h ia t r ic  s ig n s  a n d  s y m p to m s .  ỉn  so m c  
p a t ie n ts  w ith  íu lm in a n t  l iv e r  ía i lu re  d u e  to  W ils o n ’s d is -  
e a s c , o r  in  p a tie n ts  w i th  a d v a n c e d  l iv e r  d is e a s e  t h a t  fa ils  to  
r e s p o n d  to m ed ica l t r e a tm e n t ,  l iv e r  t r a n s p la n ta t io n  c a n  be  
li íe s a v in g  an d  c u ra tiv e .

INTRODUCTION

W iìson’s disease is present in all populations, w ith an 
incìdence. of ~  1/30,000 individuals. The gene for Wiỉ- 
son’s disease, A T P 7 B , encodes a copper-transporting 
ATPase ihat resides mainly w ithin hepatocytes.

PATHOPHSYIOLOGY

W ilson’s disease (WD) is an autosom al recessive disor- 
der in which copper accum ulates to toxic levels in the 
liver and subsequently in the neurologic system and 
other tissues. The gene for WD, A T P 7 B ,  is located on 
chromosome 13 and encodes a copper-transporting 
ATPase expressed m ainly in hepatocytes. Individuals 
homozygous for a single A T P 7 B  m utation , or m ore com- 
monly with tvo  different m utations of this gene (com- 
pouncl heterozygotes), have reduced or íailed copper

transport ac ti vi ty of the ATP7B protein. Loss of this 
physiologic copper transport íunction reduces biliary 
copper excretion; this is responsible for hepatic copper 
accum ulation and leads to a reduced copper incorpora- 
tion into ceruloplasm in and thereby to decreased levels 
of the ATP7B protein in the circulation  of niosl patients, 
due to the instability of the protein w ithout copper. 
Tissue accum ulation of copper results in  cellular injury 
by oxidative damage lo m em branes, organelles such as 
m itochondria, and DNA, and to altered protein  synth- 
esis, am ong o ther effects. Liver in jury  m aniíests as mild 
steatosis and inAammation early on, and to chronic 
injury, íìbrosis, cirrhosis, and liver íailure. Excess cop- 
per appears in the circulation following hepatic copper 
accum ulation and eventually toxic accum ulation in the 
C e n tr a l nervous system with resu ltan t neurologic or psy- 
chiatric m aniíestations. O ther organs that may be 
affected by loxic copper accum ulation  include the kid- 
neys, heart, and bơne.

DIAGNOSIS

The clinical presentation  of W ilson’s disease varies 
widely, but m ainỉy presents as hepatic or neurologic 
disease. Liver disease typically presents w ithin the 
fìrst two decades of liíe, and later on, typically in the 
third decade, neurologic or psychiatric signs and symp- 
toms may be evident. Patients w ith liver disease may be 
asym ptom atic or they may experience sym ptom s of 
chronic liver disease such as íatigue or jaundice, or 
may m aniỉest signs or sym ptom s of portal liypertension 
sưch as ascites and varices w ithout or w ith bleeding. 
Some patients may have chronic hepatitis w ith íeatures 
indistinguishable from autoim m une hepatitis, In about 
5% of cases, the sudden onset of jaundice or ascites with 
associated hem olysis heralds the onset of acưte fulmi- 
nant hepatic íailure.

Neurologic m anifestations of WD are m ainly due to 
injury to the basal ganglia, bu t many different parts of 
the brain may be affected. Sym ptom s may include 
dim inished m otor coordination, trem or w ith deterior- 
ating handw riting and m icrographia, drooling, dysar- 
thria, dystonia, and spasũcity. Transỉer dysphagia with



the risk of aspiration may occur in some patients. Psy- 
chiatric ailm ents range from behavìoral changes and 
anxiety disorders to depression or even psychosis.

WD m ust be considered in any patient below the age 
oi 45 years w ith unexplained liver disease or cirrhosis, 
and in patients with neurologic and psychiatric symp- 
toms and evidence of liver disease. Individuals with 
hepatic histology suspicious for WD, pediatric patients 
with autoim m une features not responsive to sleroids 
and lacking typical markers, patienis wúh brain imaging 
dem onstrating com paùble Rndings, and patients ìn 
whom Kayser—Fleischer rings are identiíied should 
be evaluated for WD.

The diagnosis of WD is established by a com bination 
of clinícal signs and biochemical studies or by molecular 
m ethods (see Table I). Clinical íìndings that include 
Kayser—Fleischer (KF) rings and corneal deposits of 
copper in Descemet’s membrane are paihognom onic 
and are present in almost all patienls wìth WD wilh

neuropsychiatric manifestations; these syniptom s are 
best detected by slit lamp exam ination. However, KF 
rings may be present ìn only ~50%  of patients present- 
ing with liver disease, and may rarely be found in 
patients w ith chronic cholestasis such as priraarv biliary 
cirrhosis or prim ary sclerosing cholangitis. Sunflower 
cataracts are another rare ocular íĩnding associated 
with WD, and lunulae cerulae (blue lunules) are 
another derm atologic abnorm ality present very rarely 
in paúents with WD. O lher nondiagnostic findings 
include evidence of stigmaia of chronic liver disease 
and cirrhosis and Parkinsonian ícatures on neurological 
exam ination.

Reduced lcvels of serum  ceruloplasm ín (typically 
< 20m g/d l) are present in ~ 9 5 %  oi patients with 
WD, but also in 20% of heterozygous carriers w ilhout 
m aniíestations of WD. Ceruloplasm in levels in the cir- 
culation may also be reduced in palients w ith severe 
hepatic insufíiciency, in protein-losing enteropathy or

T A B L E  1 D ia g n o s tic  T e s tin g  fo r W ils o n ’s D ise a se

Test R csults

O phthalm olog ic slil lamp
exam inaúon

Serum ceruloplasm ín

Serum  copper

24-H our urinary copper

H epatic copper concentraúon  

H cpatic h isto logy

E lectron m icroscopv for hepatic  
uhraslructure

H islochem istry  for copper

R adioỉogical im aging o f  thc 
brain: MR or CT im aging

M olecular d iagnostic studies: 
haplotvpe analysis and 
m utãtion analysis

Kayser—Fleisthcr rings and sun ílow er cataracls arc abscm  in norm al individuals; 
K ayser-F lc isch er  rings abscni early 01] in paticnis w úh W D; prcsent in  onlv 50% ol 
patients w ith hepatic prcsentation; 1'ound in 98% o f  paiien ts w ith  ncu rolog ic  signs or 
sym ptom s; sun llow cr caiaracts may also be scen  on  slit lam p exam  in paúen ls w iih  
VVD; Kayscr r lc isch cr  rings and sunflow cr caiaracls abatc w ith  irealm enl for \ v n  

Normal 2 0 - 4 0  m g/dl, elevated vvith acute phase and in pregnancy and w ith  use o f  
cstrogens; less than 20 m g/dl in 95% of patients and 20% o f  h e ierozygou s carriers; 
physiologically  decreased in new borns, undetectable in rare patien is vvith 
aceruloplasm ínem ia; belọw  20 m g/dl w íth  severe hepalic insuH ĩcicncy and in  
severc protein-loss states 

N onnally  ~ 1 0 0 ụ g /d l ,  decreascd in m ost paiients, typically < 8 0  ng/dl; propovtion  1101 
'bound to ceruloplasm in >10%  in patlents and total serum  coppcr and m arkedly  
elevated above 200  ng/dl in lulm inant hepatitis due to W ilson's diseaso  

Norm al < 5 0  (ig/24 h , grcater ihan 100 (.ig/2-4 h in  m osl sym piom atic  patients and fo llow in g  
chelaúon  treatment; p ostpen icillam ine (500  m g given tw ice, 12 h a p a n ) > 1 6 0 0  (.Ig 
in untreated patiem s

Normal < 4 0  |ig /g  dry wt liver; greater ihan 250 (.Ig/g dry wt livcr in paticnts; mav be 
increased in otlier th o lesia tic  disorders, id iopath ic copper to x icosis  

Abnormal íindings in paticnts include steatosis, glycogcn  n u cle i, (ìbrosis, 
chronic active hepatitis and cirrhosis; marked degencration o f  hepatocvtcs, 
p leiocy lósis , and nuclear irregularities in íu lm inant hepatiús  

Abnormal in untreated patients; dilatation of m itochondrial crisiac and crystalline
deposits (present vvhen steatosis is secn on ligh l m icroscopv); dcn se lysosom es laier on 

Absent norm ally; in som c pavients. positivc staining is prcscnt in som e but 
n o i all Itver nodules; absent sia in ing does n o i exclu d e VVilsons discase  

N orm al in the absence I)f W ilson ’s diseasc and in m any patienLs carlv on; Rndings 
in paiicnts w ith  neurologic  or psvchiatric sym ptom s include atrophy and 
alleraúons in basal ganglia, subcortical w hite m atler, m idbrain. and pons; 
abnorm aliũcs can be present in  som e asym ptom atic paúents  

Haplotype: sam c as proband in paiicnts, d iỉĩcrcn i in carriers and unaừected  siblings; 
m utations: palien ts have d isease-spccilĩc  m utations on cach alldc;  
m ost useful in populations w ith dom inanl niutatìons



nephropathy, and in the rarc genetic disordcrs M enkès 
disease and accruloplasm inem ia. Serum copper not 
bound  to cerưloplasm in is increased in ưntreated 
patỉents. bu i total serum  copper is typically reduced 
becaụse ~90%  is bound to ceruloplasm in, which is 
reducecỉ in the vast m ạịority of patients. U rinary copper 
excretion is increased to > 100 |Ag for 24 hours in m ost 
un ireated  patients with sym ptom atic disease. Low 
serum  uric acid levels are found in m any patients, 
and am inoaciduria and electrolyte changes due to 
renal tubular acidosis may be present.

Líver biopsy still plays an im portant role in the 
diagnosis of WD. C opper quantitation  from the biopsy 
s p e c i r a e n  i s  a  c r i t i c a l  t e s t  a n d  r e v e a l s  a  l e v e l  a b o v e  

250 Ịig/g dry wcight in alm ọst all untreated patients. 
Characteristù ' histologic íeatures of the earlier stages 
of the disorder include steatosis, m icrovesicular and 
m acrovcsicular fauy changes, vvith glycogenated 
nuclei in some hepatocvtes. Varying dcgrees of íìbrosis 
and inílam m atory inRltrate can be founcl. C irrhosis is 
present in m ost patients by ihe time they preseni with 
hepatic insuííìciency or vvith neurological disease. His- 
tochemical staining of liver biopsy specim ens for cop- 
per typically reveals positive areas in some nodules, 
with absence in  others. The absence of histochem i- 
cally identifiable copper does not exclude WD. Ultra- 
structural analvsis of liver specim ens at the time 
steatosis is present reveals speciRc m itochondria] 
abnuim alities thai include dilated cristae and crystal- 
line inclusions. For patients presem ing w ith neurolo- 
gical or psychiatric disease, com m on abnorm alities 
present on brain imaging that should suggest a điag- 
nosis of WD inclưde increased density of the basal 
ganglia on C o m p u t e r  tom ography (CT) or hyperinten- 
sity of ihis region on T2 m agnetic resonance (MR) 
imaging. Abnormal íìndings are no t lim ited to the 
basai ganglia, and other abnorm alities ha ve been 
described, including regions oĩ the pons, white m atter, 
and cerebellum.

The diagnosis of WD is established by the presence 
of KF rings and a decreased level of serum  cerưloplas- 
m in, of KF rings and neurologic or psychiatric symp- 
toms, and of elevaied hepatic copper levels w ith 
appropriate histology. Haplotype or polvm orphism  ana- 
lvsis can be uscd to identiív affected siblings or off- 
spring; however, the diagnosis m ust be Brmly 
identifìed in the proband. Direct identification of 
A T P 7 B  m uiations is possible bu t is lim ited by the size 
of the gene and the large num bers o í m utations asso- 
ciated with the WD phenotype, and the lim ited avail' 
ability of tcsting.

Paiients with fulm inant hepatic failure due to WD 
have markedlv elevated serum  copper concentration

and urinary copper excretion, and most have a lowered 
serum  ceruloplasm in. Kavser—Fleischer rings may be 
present in about 50% of patients. These patients invari- 
ably have cirrhosis underlying the acute liver injury, 
which likely accounts for the relatìvely low levels of 
transam inase elevations despite the massive hepatic 
injury. ưn ique  to aeute fulm inant liver ĩailure due to 
WD is a relatively low alkaline phosphatase level, w ith 
the ratio of aỉkaline phosphatase (units/liter) to b iliru- 
bin (m illigram s/deciliter) of <2.0. Hepatic copper is 
alm ost always elevated abovc 250 Ịig/g dry weight in 
these individuals despite the massive hepatic necrosis 
and presence oí cirrhosis.

TREATMENT

Treatm ent options for WD include liỉelong m edical 
therapy with oral chelating agents or zinc (see Table II), 
and liver transplantation. Dietary restrictions of copper 
intake are recom m ended along with medical therapy. 
The chelating agents penicillam ine and trientine pro- 
mote renal copper excretion and are recom m ended as 
first-line therapy for sym ptom atic patients w ith hepatic 
or neurologic disease, and, at lower dosages, these 
agents may be usecl for m aintenance therapy. Zinc 
acts to block copper absorption from the gut at the 
level of the enterocyte, and is m ainly used for m ainte- 
nance therapy or initial therapy of asym ptom atic 
patients. Liver transplantation restores a norm al pheno- 
type w ith respect to copper metabolism, and no íu rther 
therapy speciíìc for W ilson’s disease is required.

lnitial treatm ent w ith penicillam ine consists of 
dosages that are increased to 1 —2g/day over a few 
weeks, and 750—1000 mg/day is used for m aintenance 
therapy. Some patients with WD with neurologic sym p- 
tom s initially treated w ith this drug have w orsening 
neurologic disease that may become irreversible. 
Early side effecis include hypersensitivity reactions, 
and nephrosis or a lupuslike syndrom e w ith associated 
hem ạturia, proteinuria, and positive antinuclear anti- 
bodies will occur later on. Late reactions include der- 
matologic side effects such as progeric skin changes, 
elastosis períorans serpingosa, pem phigous or pem phi- 
goid lesions, lichen planus, and apthous stom atitis, and 
rarely systemic anaphylaxis, m yasthenia gravis, poly- 
myositis, dysgeusia and loss of taste, IgA depression, 
and serous retinitis. An adverse drug reaction to peni- 
cillamine should prom pt its d iscontinuation and a 
change to an alternative treatm ent. M onitoring of ther- 
apy includes clinical exam ination and biochem ical 
determ ination of non-ceruỉoplasm in-bound copper 
(derived from subtracting the am ount of ceruloplas- 
m in-bound copper írom  the total serum  copper),



TABLE II Treatment Options for W ilson’s Disease

M cdication M ode o f  aclion D osagcs ( lo ta l/2 4  h) A dverse cffccts

d-Penicillam ine ch ela tin g  agent, induces 750  —2000  ing in tvvo 10 ihree VVorscning w ith  in ilial treatm enl
(C uprim ine) cupriuresis divided doses apart írom  

meals; m aintenance  
7 5 0 —1000 mg; requires 
supplem ental pyridoxinc

o f neurlogic sym ptom s in 1 0 -5 0 %  
o f cases; in ilial hypersensitivity  
reactions; niarrow suppression; 
lupuslike syndrom e; nephrosis; 
derm atologic toxicity; rare 
G oodpastures syndrom e

T rientine ch e la tin g  agent, 7 5 0 —1500 mg in tw o to ihree Lupuslike syndrom e; nephrosis;
(Syprine) induces cupriuresis divided doses apart from  

raeals; m aintenance, 
7 5 0 - 1 0 0 0  mg

marrow suppression

Zinc (G alzin) Blocks inlestinal uptake of 
copper by enterocytes

100 — 150 mg in tw o to threc 
dividcd doses apart from m eals

G astric irritation

blood counls, liver íunctions testing, and urinalysis to 
look for the appearance of cellular elements or protein. 
Urinary copper excretion over 24 hours is usually 
greater than 1 mg/day during initial treatmenl and 
afterward is typically reduced to betvveen 250 and 
500 |.ig/day, but is dosage dependent.

T rientine, developed for treating penicillamine- 
intolerant patients, may be used as first-line therapy 
when ađm inistered in two to four divided dosages 
totaling up LO 1500m g/day, and as maintenance 
iherapy with a reduced dosage of 750—1000 mg/day. 
Trientine has a better saíety proRle compared to peni- 
cillamine, w ith only extremely rare reports of hyper- 
sensitivity reactions. Known toxicity includes bone 
marrovv suppression, sideroblastìc anemia (the result 
of an induced copper deíĩciency), and lupuslike reac- 
tions. M onitoring of therapy is the same as for peni- 
cillamine.

Zinc, used mainly as a m aintenance therapy and for 
the initial therapy of asymptomatic patients, is adminis- 
tered in three daily dosages of 50 mg (of elemental zinc) 
for adults and 25 mg for children. This dosage effectively 
achieves a negative copper balance in most individuals. 
The m ost im portant side effect of zinc affecting a min- 
ority of patients is gastric upset, and this may be related 
to the particular zìnc salt used. M onitoring of zinc 
therapv includes determ ination of non-ceruloplas- 
m in-bound copper and 24-hour urínary copper excre- 
tion, the latter being below 100 (Xg/day in effectivelv 
treated patients.

Tetrathiom olybdate is a potent copper chelator that 
rem ains currently under investigation for the initial 
treatxnent o ĩneurologic WD in the United States. Rever- 
sible side effects of tetrathiom olybdate therapy include 
anemia and neutropenia. Further recom m endations

regarding this drug await the coinpletion ol ongoing 
clinical trials.

Paúents with fulminan( hepatic íailure due to WD 
and those in whom medical therapy is incffective 01' is 
in terrup ted  by resulting liver failure require liver trans- 
p lantation for survival. Following the onsei of lulm inani 
liver íailure in WD, there is a large release of copper into 
the cừculation thai contributes renal tubular inịury and 
reduced kidney function. Plasma exchange, plasma- 
pheresis, and other forms ol dialysis, including albumin 
dialysis, are useful to help rapidly lovvcr coppcr levels in 
the circulation and to lim it hemolysis and further renal 
damage, bu t havc not eliminated the necd for transplan- 
tation of these individuals.

T reatm ent ior WD m ust continue throughout preg- 
nancy. There are recorded successíul pregnancies witb 
adm inìstration of penicillamine, trientine, and zinc. No 
dosage reduction is needed for zinc therapy, whereas ihe 
sm allest effective dosage of penicillamine or trientine 
should be adm inistered during pregnancy and until 
w ound healing occurs. Similarly for patients under- 
going elective surgical procedures, dosages of chelating 
agents should be minimized until w ound healing is 
achieved.

PROGNOSIS

M edical treatm cnt of asymptomatic patients prcvents 
the developm ent of liver or neurological disease. The 
long-term  survival ol patients with WD with medical 
therapv is excellent, even when chronic liver disease and 
cirrhosis are present at iht' outset. Patients with cirrho- 
sis still may maniíest signs 01 ' sỵmptorns due to porial 
h ^ e r te n s io n , including esophageal or gastric varices or 
ascites. In some patients, neurologic symptoms may



im prove vvilh therapy, vvhereas o ther patients may wor- 
sen during the initial phase of treatm ent or may develop 
neurological disease no longer responsive to therapy 
aimed at WD.

Liver transplant also offers excellent survival, 
ap])roaching 90% for patients with acute liver íailure 
duc' to WD, well above the survival of ~ 6 0 %  for all 
otbers transplanted íor íulm inant liver failure. Patients 
w iih WD surviving beyond 1 year posttransplam  typi- 
caHy have excellent long-term  survival.
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Xerostomia

X
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d y sg e u s ia  D ilíic u lty  in tasúng. 
d y sp h a g ia  D ifficu lty  in sw a llo w in g . 
h a lito s is  S u b jective  cọ m p la in t o f  bad breath . 
sa livary  h yp oC u n clion  O b je ctiv c  d im in u tio n  o f  sa livary  

ou tp u t.
x e r o s to m ia  S u b ịe ctiv e  c o m p k in t  o f  a dry m o u th .

Xerostom ia is thc subjective com plaint oí a d ry mouth due 
to salivary hypoĩunction . Saliva provides host p rotection , 
assists in the initiation  of food and íluid intake, and en- 
ablrs com m unicalion  ihrough speech. W ithou t adequatc 
salivary ou tpu t, oral and pharyngeal health  declines as 
does a p c rso n s  quality  of life. Xerostom ia becom es 
more com m on w iih  aging and is causcd by num erous 
intraoral and syslcm ic ĩactors.

ROLH OF SALIVA IN ORAL AN D  
SYSTEMIC HEALTH

T h e  a d e q u a te  s e c r e t io n  o i  s a l iv a  is  c r it ic a l  fo r  p r e s e r v in g  

the health  of the oral cavity and  gas iro in tes tina l svstem .
I l p r o v id c s  a p h y s ic a l  b a r r ie r  a g a in s l  ir r ita n ts ,  lu b r ic a te s  

o ra l m u c o s a l  t i s s u e s ,  a id s  in  th e  d ig e s t io n  o f  fa ts  a n d  

c a r h o h y d r a t e s ,  a n d  a s s i s t s  w i t h  m a s t ic a t io n ,  d e g l u i i t i o n ,  

ta s te , a n d  r e t e n t io n  o f  d e n tu r e s .  S a liv a  m a i n i a i n s a s t a b l e  

p H  in  th c  m o u t h  a n d  e s o p h a g u s  a n d  h e lp s  p r e v e n t  t o o t h  

d e c a y  a n d  r e m in e r a l iz e  th e  d e n t a l  h a r d  t i s s u e s .  S a liv a  

c o n t a in s  a n ú b a c te r ia l ,  a n t iv ir a l ,  a n d  a n t i lu n g a l  fa ct.o rs  

th a i h e lp  r n a in ta in  th e  o r a l c o m m e n s a l  í lo r a .

ORAL A N D  SYSTEMIC EFFECTS OF 
SALIVARY HYPOFUNCTION

S a liv a r y  íu n c t io n  i s  a g e - s t a b le  in  h e a l t h v  a d u l t s ,  y e t  

x e r o s lo m ia  i s  m o r e  c o m m o n  in  th e  e ld e r ly  d u e  to  

o ra l a n d  s v s t e m ic  fa c to r s  th a t  c a u s e  s a l iv a r y  h v p o -  

íu n c t io n .  I n a d e q u a te  o u tp u t  c a u s e s  p e r s i s t e n t  c o m -  

p la in ts  o f  x e r o s t o m ia  a n d  h a l i t o s i s  a n d  le a d s  to  

m u lú p le  o r a l p r o b le m s :  n e w  a n d  r e c u r r e n t  d e n ta l  c a r ie s ,  

m u c o s i t i s ,  p a i i i ,  a n d  in c r e a s e c l  s u s c e p t ib i l i t y  to  m ic r o -  

b ia l in r e c t io n s .  T h e  m o s t  p r e v a le n t  in f e c t io n  is  c a u s e d  

b y  C àndidu a lb ịca n s , o b s e r v e d  a s  a n g u la r  c h e i l i t i s  o f  th e

l ip s ,  e r y t h e m a to u s  c a n d id ia s i s  ( d e n t u r e  s t o m a t i t i s ) ,  a n d  

p s e u d o m e m b r a n e o u s  c a n d id ia s is .  S a liv a r y  h y p o f u n c -  

t io n  a lso  c a u s e s  p r o b le m s  vvith  c h e w in g  a n d  w e a r in g  

d e n iu r e s ,  d y s p h a g ia ,  a n d  d y s g e u s ia ,  r e s u l t in g  in  a lt e r e d  

f o o d  a n d  í lu id  s e l e c t i o n ,  c o m p r o m is in g  n u tr i t io n .

INTRAORAL SOURCES OF 
SALIVARY PATHOLOGY

B a c te r ia l i n í e c t io n s  ( e .g . ,  p a r o t i t i s )  o c c u r  s e c o n d a r y  

to  s a l iv a r y  h \rp o f u n c t io n .  C o lo n iz a t io n  a n d  i n í e c t io n  

( e .g . ,  Staphylococcus aureus, S taphylococcus pyogenes, 
Strcptncnccus pneum nn ia , E scherichia coIO  o c c u r  f o l lo w -  

in g  o b s t r u c t io n  o f  a d u c t ,  c a u s in g  sv v e llin g , p u r u le n c e ,  

a n d  p a in . V ir a l in f e c t io n s  p r e íe r e n t ia l ly  in v o lv e  p a r o t id  

g la n d s :  p a r a n iy x o v ir u s  ( m u m p s )  a n d  c y t o m e g a lo v ir u s  

in í e c t io n s  a t ìe c t  y o u n g  a n d  i m m u n o c o m p r o m is e d  

a d u lt s .  O b s t r u c t io n s  o f  e x c r e t o r y  d u c t s  a re  c a u s e d  b y  

tr a u tn a  in  th e  l ip s  ( m u c o c e le  o f  a m in o r  g la n d )  a n d  í lo o r  

o f  th e  m o u t h  (r a n u la  o í  th e  s u b l in g u a l  o r s u b m a n d ib u la r  

g la n d )  o r  by  c a lc i f i c a t io n  o f  m u c o u s  p lu g s  in  m a jo r  

g la n d s  ( s ia lo l i t h s ,  s t o n e s ) .

M o s t  s a liv a r y  tu m o r s  a re  b e n ig n ,  th e  m o s t  c o m m o n  

beìng p leo m o rp h ic  adenom a of the p a ro tid  g land, 
w h ic h  p r e s e n is  a s  a n  a s y m p t o m a ú c  m a s s  in  th e  la i l  o f  

th e  g la n d . M a lig n a n t  tu m o r  i n c id e n c e  in c r e a s e s  w ith  

age; they are n io st prevalem  in the palatal m in o r g lands 
a n d  th e  s u b m a n d ib u la r  a n d  s u b l in g u a l  g la n d s .  M u c o -  

e p id e r m o id  c a r c in o m a  is  th e  m o s t  c o m m o n  m a l ig n a n t  

salivary gland tu m o r, follow ed by adeno id  cystic carci- 
n o m a , a c ín ic  c e l l  c a r đ n o m a ,  a n d  a d e n o c a r c in o m a .  P re-  

s e n t a ú o n  i n đ u d e s  a s w e l l in g  w ith  n e r v e  p a r a ly s is ,  p a in ,  
o r  fa c ia l p a r e s is .

EXOGENOUS AND SYSTEMIC 
SOURCES OF SALIVARY PATHOLOGY

M e d ic a t io n s  a r e  th e  m o s t  l ík e ly  c a u s e  o f  s a l iv a r y  

h y p o f u n c ú o n ,  p a r t ic u la r ly  th o s e  w it h  a n t i c h o l in e r g ic  

e f fe c t s  ( c .g . ,  a n t id e p r e s s a n t s ,  s e d a t iv e s ,  t r a n q u i l iz e r s ,  

a n t ih i s ta m in e s ,  c y t o t o x ic  a g e m s ,  a n t ih y p e r t e n s iv e s ,  
a n t i - P a r k in s o n ’s  d i s e a s e  d r u g s ,  a n d  a n t i - s p a s m o d ic /  

a n t i - s e iz u r e  đ r u g s ) .  C h e m o th e r a p v  c a n  c a u s e  a c u te



y e t  r e v e r s ib le  c h a n g e s  in  s a liv a r y  f u n c t io n  a n d  ra d io a c *  

t iv e  i o d in e  ( ,3 1 1) c a u s e s  p a r o i id  b u t  n o t  s u b m a n d ib u la r  

d y s ĩu n c t io n .  H e a d  a n d  n e c k  r a d io th e r a p y , u s e d  fo r  

c a n c e r ,  is  th e  p r im e  e x o g e n o u s  s o u r c e  o f  sa liv a r y  

h y p o í u n c ù o n .  R a d io th e r a p y - in d u c e d  x e r o s to m ia  is  

u s u a l ly  ir r e v e r s ib le  a n d  p e r m a n e n t , c a u s in g  a l i f e t im e  

o f  o r a l—p h a r y n g e a l  d is o r d e r s .

S jỏ g r e n 's  s y n d r o m e ,  a n  a u to i in m u n e  e x o c r in o p a t h y ,  

i s  t h e  m o s t  c o m m o n  d is o r d e r  c a u s ín g  sa liv a r y  

h y p o f u n c t i o n .  Ít i s  c h a r a c t e r i z e d  b y  P r o g r e s s iv e  a n d  

ir r e v e r s ib le  x e r o s t o m ia  a n d  x e r o p h ih a lm ia  (d r y  e y e s ) .  

O th e r  a u t o im m u n e  d i s e a s e s  w ith  sa liv a r y  h y p o f u n c ú o n  

i n đ u d e  r h e u m a to id  a r th r it is , s c le r o d e r m a , a n d  sy s -  

t e m ic  l u p u s  e r y t h e m a to s u s .  H u m a n  im m u n o d e f ic ie n c y  

v ir u s  in í e c t io n ,  d ia b e t e s ,  A lz h e im e r ’s  d is e a s e ,  P a r k in -  

s o n ’s d i s e a s e ,  s t r o k e s ,  a n d  c v s t ic  í ib r o s is  a re  a lso  

a s s o c ia t e d  w i t h  s a l iv a r y  h y p o f u n d io n .

TREATMENT OF 
SALIVARY HYPOFUNCTION

A p p r o p r ia te  d ia g n o s i s  is  r e q u ir e d  b e ío r e  in i t ia t io n  o f  

th e r a p y . T o  p r e v e n t  th e  d e v e lo p m e n t  o f  x e r o s to m ia -  

in d u c e d  o r a l  s e q u e la e ,  ír e q u e n i  d e n ta l  e v a lu a t io n s  are  

r e q u ir e d ,  a s  i s  o r a l h y g ie n e  a íic r  e a c h  m e a l a n d  b e ío r e  

b e d t im e  \v i th  [ lu o r id a ie d  d e n t i ír ic e s ,  g e ls ,  a n d  r ìn s e s  to  

a v o id  d e n ta l  c a r ie s . R e g u la r  h yd raL íon  w ith  w a te r , n o i  

s u g a r e d  b e v e r a g e s ,  i s  h e lp íu l .  S u g a r -fr e e  c h e w in g  g u m ,  

c a n d ie s ,  a n d  m in t s  c a n  s t im u la te  r e m a in in g  s a l iv a r y  s e -  

c r e t io n s ,  w h e r e a s  a r t i í ĩc ia l  sa liv a  a n d  lu b r ic a n ts  m a y  

a s s is t  v v h e n  th e r e  is  n o  r e m a in in g  sa liv a r y  t is s u e .  C o u n -  

s e l in g  r e g a r d in g  a w e l l - b a la n c e d  n u ir i t io n a l ly  a d e q u a te  

d ie t  s h o u l d  b e  p r o v id e d .  D y s p h a g ia  ca n  b e  im p r o v e d  

vv ith  o r a l  m o is t u r iz e r s ,  lu b r ìc a n ts , a n d  c a r e íu l  u s e  o f  

í lu id s  d u r in g  e a ú n g .  C a n d id ia s is  r e s p o n d s  to  lo p ic a l

a n t i lu n g a l  a g e n t s  ( e .g . ,  c lo t r im a z o le ,  n y s t a t in )  a n d  

a p p r o p r ia te  d e n tu r e  h y g ie n e ,  a n d  p a r o t i t i s  is  t r e a te d  

w it h  b r o a d -s p e c t r u m  a n t ib io t i c s  ( e .g . ,  A u g m e n t in ) .

S a liv a r y  l e s io n s  a n d  tu m o r s  m u s t  u n d e r g o  

h is t o p a t h o lo g ic a l  e v a lu a t io n  a n d  im a g in g  ( s ia lo g r a m s ,  

r a d io g r a p h s , r a d io a c t iv e  i s o t y p e  s c in t i s c a n s ,  m a g n e t ic  

r e s o n a n c e  im a g in g ,  a n d  c o m p u t e d  t o m o g r a p h y  s c a n s ) .  

M o s t  tu m o r s  a re  t r c a te d  w i t h  e x c i s i o n  a n d  p o s s ib ly  

r a d io th e r a p y . D r u g - in d u c e d  x e r o s t o m ia  r e q u ir e s  a s-  

s e s s m e n t  o f  a l l  m e d ic a t io n s ,  w ứ h  a t t e m p ts  to  e l im i-  

n a te ,  d im in is h ,  o r  s u b s t i t u t e  m e d ic a t io n s  c a u s in g  

h y p o fu n c t io n .  S e c r e t a g o g u e s  are a v a i la b le  ( p i lo c a r p in e  

5 m g  tid  a n d  q h s ;  c e v i m e l i n e  3 0  m g  t id )  to  in c r e a s e  

s e c r e t io n s  a n d  d im in is h  x e r o s t o m ia  in  p a t ie n t s  w ith  

r e m a in in g  e x o c r in e  t i s s u e .
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The genus Yersinia  is composed of 10  species of gram-neg- 
ativc bacilli, of which three, Y ers in ia  p estis  (plague bacillus), 
Yersinia en leroco litica , and Y ersin ia  pseucỉoíuherculọsis , are 
well-recognizeci human paihogens. Whcreas isolates of 
Y. pestìs  and y. pseudo.tubercuìosis are inherently pathogcnic, 
virulence among y. en teroco litica  isolates cliffers by biogroup 
and serogroup.

MICROBIOLOGY

M a n v  o f  th e  id e n t i í v in g  c h a r a c ie r i s t i c s  a n d  v i r u le n c e  

ía c t o r s  o f  Ycrsinia enterocoìỉtica. a r e  i n í lu e n c e d  b y  

g r o w t h  t e m p e r a tu r e . F o r  in s t a n c e ,  Y. en teroco litỉca  i s  

n o n m o t i l e  at 3 7 ° c  b ư t  i s  m o t i l e  a t 2 5 ° C ;  p la s m id -  

e n c o d e d  v i r u le n c e  ía c t o r s  a r e  e x p r e s s e d  a t 3 7 ° c  a n d  

a r e  r e p r c s s e d  o r  a b s e n t  a t 2 5 ° c .  T h e r e ío r e ,  f u l l  c h a r a c -  

t e r iz a t io n  o f  a n  i s o la t e  a s  y . enteroco ỉitica  s h o u l d  i n c lu d e  

t e s t s  đ e t e r m in e d  at tw o  in c u b a t io n  t e m p e r a tu r e s .  

Yersin ia  enterocolítica  g r o w s  o n  r o u t in c  b a c t e r io lo g ic  

m e d ia  u s e d  ío r  th e  i s o la t io n  o f  o t h e r  e n t e r ic  b a c te r ia .  

O n  t h e s e  m e d ia ,  h o w e v e r ,  b e c a u s e  Y. en terocoh tica  p r o -  

d u c e s  o n ly  p in p o in t  c o l o n i e s  a f te r  2 4  h o u r s  o f  in c u b a -  

t io n .  c o l o n i e s  m a y  b e  o v e r l o o k e d  in  s t o o l  c u l t u r e s  

c o n t a in in g  a m u l t ip l i c i t y  o f  b a c t e r ia l  s p e c i e s .  T h e  u s e  

o f  c e f s u l o d i n —ir g a s a n —n o v o b i o c i n  ( C I N )  a g a r  e n -  

h a n c e s  r e c o v e r y ;  Y. en teroco ỉỉtica  p r o d u c e s  r e d  

c o l o n i e s  o n  th is  m c d iu m .

C u ltu r e  o f  s t o o l s  o f  p a t ie n t s  w i t h  a c u te  g a s t r o e n t e r -  

i t is  d u e  to  p a t h o g e n ic  y. en teroco ỉitica  s e r o g r o u p s  ( 0 3 ,  

0 5 , 2 7 ,  0 8 , 0 9 )  p r o d u c e s  n u m e r o u s  c o l o n i e s  o n  r o u t in e  

i s o la t io n  m e d ia .  H o w e v e r ,  in  t h o s e  in s t a n c e s  w h e n

Ỵ. enterocolitico  i s  s o u g h t  d u r in g  c o n v a l e s c e n c e  fr o m  

a c u te  e n t e r i t i s ,  o r  fo r  s u r v e i l la n c e  d u r in g  a n  o u tb r e a k ,  

c o ld  ( 4 ° C )  e n r ic h m e n t  o f  s t o o l  s p e c im e n s  in  p h o s p h a t e -  

b u ffe r e d  s a l in e  fo r  u p  to  4  w e e k s  w i t h  p e r io d ic  s u b -  

c u lt u r e  m a y  e n h a n c e  r e c o v e r y .  Y ersin ia  en teroco litica  
i s o la t e s  r e c o v e r c d  a f te r  p r o lo n g e đ  c o l d  e n r ic h m e n t  

s h o u ld  b e  b io g r o u p e d  a n d  s e r o g r o u p e d  b e f o r e  c l in i c a l  

s ig n i í i c a n c e  i s  a s c r ib e d  to  t h e  i s o la t e .  I n  m a n y  in s t a n c e s ,  

s u c h  i s o la t e s  h a v e  a n  e n v ir o n m e n ia l  o r ig in  ( b io g r o u p  

1 A ) a n d  la c k  v ir u le n c e  a t tr ib u te s .

Yersin ia  en terocolitica  b io g r o u p in g  s c h e m a s  c le l in -  

e a te  s i x  b io g r o u p s  th a t  c o r r e la t e  w i t h  e c o l o g i c  d is t r ib u -  

t io n ,  s e r o g r o u p  d e s ig n a t io n ,  a n d  h u m a n  p a t h o g c n ic  

p o te n i ia l .  In  th e  U n i t e d  S ta te s , b io g r o u p  4 , s e r o g r o u p  

0 3  is  th e  m o s t  ír e q u e n t ly  i s o la t e d  b io / s e r o g r o u p ,  e x -  

c e e d in g  s e r o g r o u p  0 8 .  ư s i n g  a n t i s o m a t ic  o a n t is e r a ,  

Y. enterocolitica  i s o la t e s  m a y  b e  s e r o lo g ic a l ly  g r o u p e d  

in to  a p p r o x im a t e iy  6 0  s e r o g r o u p s .  B a c te r io p h a g e  ty p -  

in g  o í  a n  i s o la t e  a ls o  c o r r e la t e s  b io g r o u p s  a n d  s e r -  

o g r o u p s  to  s e c o n d a r y  a u t o im m u n e  s e q u e la e  a n d  

e p id e m io lo g ic  d i s t r ib u t io n .

EPIDEMIOLOGY

Y ersin ia  en teroco litíca  i s  w id e ly  d is t r ib u te d  in  te r r e s tr ia l  

a n d  f r e s h w a t e r  e c o s y s t e m s  a n d  h a s  b e e n  r e c o v e r e d  fr o m  

th e  in te s t in a l  tr a c t  o f  n u m e r o u s  m a m m a lia n  s p e c i e s .  

Yersin ia  en terocolitỉca  i n í e c t io n s  h a v e  b e e n  d o c u m e n t e d  

a lm o s t  g lo b a l ly .  W h e r e a s  a  c o o l e r  s e a s o n a l  p r e v a le n c e  

h a s  b e e n  r e c o g n iz e d  in  E u r o p e a n  c o u n t r ie s ,  s u c h  a c o r -  

r e la t io n  h a s  n o t  b e e n  f o u n d  in  th e  U n i t e d  S ta t e s  o r  o th e r  

c o u n tr ie s .  T h e  ír e q u e n c y  o f  i n í e c t io n  s e e r a s  t o  c o r r e la t e  

w it h  th e  p o r c in e  r e s e r v o ir  o f  p a t h o g e n ic  s e r o g r o u p s  

( 0 3 ,  0 5 , 2 7 ,  0 8 ,  0 9 )  a n d  c o n s u m p t i o n  o f  u n d e r c o o k e d  

o r  ra w  p o r k  p r o d u c t s ,  o r  th e ir  p r e p a r a t io n .

A l t h o u g h  m o s t  s p o r a d ic  in í e c t io n s  w i t h  y. en tero - 
colitica  c a n n o t  b e  tr a c e d  to  a s p e c iR c  e x p o s u r e ,  i n g e s t io n  

o f  c o n t a m in a t e d  m i lk  o r  o t h e r  f o o d s ,  c o n t a c t  w i t h  s ic k  

a n im a ls  o r  p e r h a p s  in d e x  c a s e s ,  a n d  t r a n s íu s io n  o f  c o n -  

t a m in a te d  b lo o d  a r e  a ls o  r o u t e s  o f  t r a n s m is s io n  a n d  

a c q u is i t io n .



G a s tr o in te s t in a l  d i s e a s e  is  th e  m o s t  c o m m o n  c l in ic a l  

m a n if e s ta l io n  o f  Y. enterocolilica  in íe c t io n .  O n c c  in -  

g e s te d , Y. enterocolilica, a id e d  b v  i is  m o t i l i t y ,  tr a v e r s e s  

th e  in te s t in a l  lu m e n  a n d  b in d s  to a n d  p e n e tr a te s  M  c e l l s ,  

to  in v a d e  u n d e r ly in g  P e y e r ’s  p a tc h e s  o f  th e  d is ta l  i le u m ;  

th is  r e s u lt s  in  th e  íb r m a t io n  o f  m ic r o a b s c e s s e s ,  u lc e r a -  

t io n  o f  ih c  o v e r ly in g  e p ith e liu r n , a n d  an  in í la m m a to r y  

r e a c t io n .  S p r e a d  to  th e  m e s e n t e r ic  lv m p h  n o d e s  m a y  

le a d  to  a b s c e s s e s  in  th e  m e d u lla r y  r e g io n  a n d  p a in  in  

th e  lo w e r  q u a d r a n t , m im ic k in g  a p p e n d ic í t i s .  E x t e n s iv e  

u lc e r a t io n  o f  th e  in t e s t in a l  tract a n d  d e a th  h a v c  o c -  

c u r r e d  in  th e  c o u r s e  o f  Y. cn icroco ìitka  s e r o g r o u p  0 8  

in ĩe c t io n .  A c u te  e n t e r i t i s  w ith  in í la m m a to r y  c e l l s  a n d  

o c c a s io n a l ly  b lo o d y ,  vvatery  s t o o l s  c h a r a c te r iz e  in fe c -  

t io n  in  c h i ld r e n . C o n c o m i ia n t  Y. ciucrocolilica  b a c te r -  

e m ia  m a y  b e  p r e s e n t  in  in ía n ts  w it h  e m e r i l i s .  In  y o u n g  

a d u lt s ,  a c u te  t e r m in a l  i l e ú i s  a n d  m e s e n t e r ic  a d e n it i s  

a re  ih e  m o r e  c o m m o n  p r e s e n ta t io n s .
Yersinia enlerocolítíca  e x t r a in te s t in a l  d is e a s e  d e -  

p e n d s  o n  h o s l  ịm m u n e  s la t u s  a n d  th e  p a th o g e n ic  p o -  

t e n i ia l  o f  th e  in íe c t in g  s tr a in . A  s ir ik in g  c h a r a c te r is t ic  o f  

Y. enterocolitica  b a c te r e m ia  is th e  in c r e a s e d  in c id e n c e  in  

p e o p le  w ith  ir o n  o v e r lo a d  d is e a s e s  o r  in  th o s e  b e in g  

a d m in is te r e d  ir o n  c h e la ú n g  a g e n ts . S e c o n d a r y  m a n ife s -  

t a i io n s  o f  b a c te r e m ia  m a y  in v o lv e  e v e r y  o r g a n  o f  ih e  

b o d y , i n c lu d in g  th e  e n d o v a s c u la t u r e  a n d  th e  c e m r a l  

n e r v o u s  s y s te m ,  a n d  m a y  e v e n  lcad  to  c u t a n e o u s  les ions .
B a c te r e m ia  w i t h  Y. en tvm colitica  m a y  a ls o  o c c u r  b v  

t r a n s íu s io n  o f  c o n t a m in a t e đ  b lo o d . A íte r  th e  first 

r e p o r t  in  1 9 7 5 ,  3 6  c a s e s  o í  Y. cntcrocoỉitica  t r a n s fu s io n  

a s s o c ia t e d -b a c t e r e m ia  vvere d o c u m e n le d  u p  to  1 9 9 6 .  
T h e s e  c a s e s  w e r e  p r e d o m in a m ly  a s s o c ia t e d  w i t h  tra n s-  

f u s io n  o f  p a c k e d  r e d  b lo o đ  c c l l s .  i n đ u d i n g  a u to lo g o u s  

t r a n s íu s io n s .  S h o c k , w it h  a n d  w i t h o u t  d i s s e m in a t e d  in -  

ir a v a s c u la r  c o a g u la t io n ,  o c c u r r e d  in  a ll 3 6  r e c ip ie n t s ,  
a n d  d e a th  o c c u r r e d  in  19  p a t ic n ts .  T h e  s o u r c e  o f  

Y. enterocolitica  c o n t a m in a t io n  w a s  a s y m p t o m a t ic  

b a c te r e m ia  in  th e  d o n o r .
S e c o n d a r v  ím m u n o lo g ic a L ly  m e d ia ie d  n o n s u p p u r a -  

t iv e  s e q u e la e  o f  Y. enterocolitica  in f e c t io n  in c lu d e  p o lv -  

a r t ic u la r  a r th r it is  a n d  e r v th e m a  n o d o s u m  (m o s t  

c o m r a o n )  a n d  R e ì t e r s  s v n d r o m e , r e p o r te d  m a in lv  

a m o n g  n o r th e r n  E u r o p e a n s .  M o s i p a t ie n t s  m a n ì ỉe s t in g  

p o s t y e r s in ia l  r e a c t iv e  a r th r it is  a re  H L A -B 2 7  p o s i t iv e .

VIRULENCE FACTORS

H u m a n  p a th o g e n ic  s t r a in s  o f  V. cnlcrocolitica  p o s s e s s  

p la s m id -  a n d  c h r o m o s o m a l- e n c o d c d  v ir u le n c e  

d e t e r m in a n t s .  T h o s e  s p e c i f ie d  h y  a 7 0 -  to  7 5 - k b  p la sm id  

a re  e x p r e s s e d  m a in lv  a i  3 7 'C a n d  c o n íe r  r e s is ta n c e  to

p h a g o c y to s i s  a n d  in tr a c e l lu la r  k i l l in g  b y  m a c r o p h a g e s .  

C h r o m o s o m a l ly  e n c o d e d  d e t e r m in a n t s  in c lu d e  a n  o u te r  

m e m b r a n e  p r o te in  n a m e d  in v a s in ,  m a x im a l ly  p r o d u c e d  

at 2 5 ° c ,  w h ic h  b in d s  to  h o s t  c e l l s  t h r o u g h  p i  in te g r in s ,  
a id in g  in it ia l  c o lo n iz a t io n .  A d a p ta t io n  to  3 7 ° c  tr ig g e r s  

t h e  p la s m id -e n c o d e d  v ir u le n c e  a t tr ib u te s  a n d  a n o th e r  

c h r o m o s o m a l ly  e n c o d e d  o u te r  m e m b r a n e  a t t a c h m e n t /  

in v a s io n  lo c u s  (A il)  p r o te in .  P r e s e n c e  o f  th e  g e n e  fo r  A il 

a ls o  a l lo w s  Yersinia  to  r e s is t  s e r u m  b a c t e r ic id a l  a c t iv ity .  
Yersinia entcrocolitica  p r o d u c e s  a h e a t - s ta b le  e n t e r o -  

t o x in  b u t  it s  r o le  in  d ia r r h e a l d i s e a s e  i s  d i s p u t e d  b e c a u s e  

it is  m a x im a l ly  p r o d u c e d  b e lo w  30°c in  la t e  lo g - p h a s e  

b r o th  c u ltu r e s .

TREATMENT

Yersin ia  enterocolitica  is  s u s c e p t ib le  in vitro  to  t r im e th -  

o p r im - s u l f a m e t h o x a z o le  ( T M P -S M X ) , th ir d - g e n e r a t io n  

c e p h a lo s p o r in s ,  a m in o g ly ớ o s id e s ,  im ip e n e m , a z tr e o -  

n a m , a n d  q u in o lo n e s .  T h e r e  is  a  t r e n d  o f  in c r e a s in g  

r e s is la n c e  to  T M P -.S M X  a n d  c h lo r a m p h e n ic o l  in  

S p a in . B e c a u se  ih c  m e a n  d u r a t io n  o f  s y m p t o m s  in  chi'1- 
d r e n  is  1 4  d a y s ,  c o n ir o v e r s y  e x i s t s  o v e r  th e  n e e d  to  trea t  

u n c o m p l ic a t e d  Y. enterocoỉilica  e n t e r i t i s .  E x tr a in te s t in a l  

in ĩ e c t io n ,  s u c h  as b a c te r e m ia  in  in fa n t s  w it h  e n t e r iú s ,  
in  im m u n o c o m p r o m is e d  h o s t s ,  o r  in  p e o p le  w it h  

ir o n  o v e r lo a d  m e r its  a n t iy e r s in ia l  th e r a p y .
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Z e n k er ’s d iv e r t ic u lu m  O u tp o u c h in g  in  the p osterior  
p h aryn geal vvall im m e d ia te ly  a b o v e  the u p p er  esop h agea l 
sp h in cter .

A  d iv e r t ic u lu m  i s  a s a c  th a t  p r o tr u d e s  fr o m  th e  w a ll o f  th e  
g a s tr o in t e s t in a l  tr a c t . A  tr u e  d iv e r t ic u lu m  c o n ta in s  a ll  
la y e r s  o f  th e  g a s t r o in t e s t in a l  w a l l .  M o s t  d iv e r t ic u la  are  

fa lse  d iv e r t ic u la ,  c o n s i s t in g  o f  m u c o s a ,  s u b m u c o s a ,  a n d  
a  fe w  m u s c le  f ib e r s .

INTR O D U C TIO N

Z e n k e r ’s  d iv e r t i c u lu m ,  a l s o  c a l le d  p h a r y n g o e s o p h a g e a l  

d iv e r t ic u lu m ,  i s  d e s c r ib e d  a s  a n  e s o p h a g e a l  p o u c h .  In  

ía c t ,  t h is  ty p e  o f  d ìv e r t i c u lu m  o c c u r s  in  th e  p h a r y n x ,  
a b o v e  th e  u p p e r  e s o p h a g e a l  s p h in c t e r  (U E S ) ,  a n d  

s h o u ld  b e  c o n s id e r e d  a h y p o p h a r y n g e a l  d iv e r t ic u lu m .  

p h a r y n g o e s o p h a g e a l  d iv e r t i c u lu m  w a s  h r s t  d e s c r ib e d  

b y  L u d lo v v  in  1 7 6 9 .  In  1 8 7 7 ,  Z e n k e r  a n d  v o n  Z ie m s s e n ,  

in  a c o m p i la t io n  o f  f iv e  c a s e s  o f  th e ir  o w n  t o g e th e r  w ith  

2 2  p r e v io u s ly  r e p o r t e d  c a s e s ,  c la r i f ie d  th e  th e n  u n c e r -  

ta in  n a tu r e  o f  a d i s e a s e  d e í ì n e d  e a r l ie r  b y  L u d lo w  a s  a 

“p r e te r n a tu r a l  d i la t a t io n  o f ,  a n d  b a g  io r m e d  in , th e  

p h a r y n x .” S u b s e q u e n t ly ,  t h is  c o n d i t i o n  w a s  g iv e n  

Z e n k e r 's  n a r a e .

E s o p h a g e a l  d iv e r t ic u la  a r e  ra re , o c c u r r in g  in  le s s  

th a n  1% o f  u p p e r  g a s t r o in t e s t in a l  X  r a y s  a n d  a c c o u n t in g  

fo r  le s s  th a n  5%  o í  c a s e s  o f  d y s p h a g ia .  T h e  p r e v a le n c e  o f  

Z e n k e r ’s  d iv e r t ic u lu m  h a s  b e e n  r e p o r t e d  to  r a n g e  b e -  

t w e e n  0 .0 1  a n d  0 .1 1 % . T h e  p r e v a le n c e  is  h ig h e r  in  th e  

e ld e r ly ,  p r e d o m in a n t ly  in  w o r a e n ,  in  w h o m  th e  o c c u r -  

r e n c e  o f  Z e n k e r ’s  d iv e r t i c u lu m  in c r e a s e s  10 a b o u l  

5 0 %  a ít e r  th e  a g e  o f  7 0 .  Z e n k e r ’s  d iv e r t i -  

c u lu m  g r o w s  s l o w l y  b ú t  c o n t i n u o u s ly .  E v e n  í f  it  m a y  

b e  in i t ia l ly  t o ta l ly  a s y m p t o m a t i c ,  w i t h  g r o w t.h  it  c a n  

m a n iĩe s t  a l  a la te r  s ta g e .

ANATOMY

T h e  p h a r y n g e a l  c o n s t r ic t o r  m u s c le s  fo r m  a íu n n e l ,  a n d  

th e  m o u t h  o í  th e  e s o p h a g u s  is  l ik e  a t r a n s v e r s e  s l i t  at th e  

b o t t o m  o f  th is  f u n n e l .  A l  th e  e s o p h a g e a l  ìn le t ,  th e  í ìb e r s  

o f  th e  c r ic o p h a r y n g e a l  m u s c l e  r u n  ir a n s v e r s e ly ,  th u s

ío r m in g  th e  U E S . A b o v e  th e  c r ic o p h a r y n g e a l  m u s c le ,  

th e  w a l l s  o f  th e  h v p o p h a r y n x  c o n t a in  th e  o b l iq u e  íib e r s  

o f  th e  in fe r io r  c o n s t r ic t o r  m u s c le s .  B e tw e e n  th e  tr a n s-  

v e r s e  í ib e r s  o f  th e  c r ic o p h a r y n g e a l  b e lo w  a n d  th e  

o b l iq u e  í ìb e r s  o í  th e  in íe r io r  c o n s t r ic t o r s  a b o v e ,  a trì-  

a n g u la r  a r e a  c o n t a ín s  f e w e r  m u s c le  í ìb e r s  a n d  c o n s t i -  

tu t e s  a  r e g ìo n  o f  r e la t iv e  w e a k n e s s ;  t h is  is  c a l le d  th e  

ư ia n g le  o f  K il l ia n , o r  K i l l ia n s  d e h i s c e n c e .  T h e  m u c o s a  

o f  th e  h y p o p h a r y n x  i s  a l l o w e d  to  b u lg e  p o s t e r io r ly  at 

K il l ia n ’s  t r ia n g le ,  a n d  w it h  ú m e ,  a p o u c h  m a y  d e v e lo p ,  
í o r m in g  a Z e n k e r ’s  d iv e r t ic u lu m .

ETIOLOGY AN D PATHOPHYSIOLOGY

T h e r e  is  g e n e r a l  a g r e e m e n t  o n  th e  lo c a t io n  o f  Z e n k e r ’s  

d iv e r t ic u lu m ,  b u t  s e v e r a l  p a t h o g e n ic  m e c h a n is m s  h a v e  

b e e n  o f fe r e d , y e t  n o n e  o f  th e m  h a s  b e e n  d e f in i t e ly  

p r o v e d . A g e  h a s  b e e n  c o n s iđ e r e d  a n  im p o r ta n t  fa c to r . 

A d e c r e a s e  i n  t i s s u e  e la s t ic i t y  l e a d in g  lo  a n  in c r e a s e d  

w e a k n e s s  o f  th e  t r ia n g le  o f  K il l ia n  m a y  e x p la in  w h y  

Z e n k e r ’s  d iv e r t ic u lu m  i s  r a r e ly  s e e n  b e fo r e  4 0  y e a r s  

o l  a g e .

T h e  m o s t  w i d e l y  a c c e p t e d  m e c h a n is m  fo r  th e  

d e v e lo p m e n t  o f  a Z e n k e r 's  d iv e r t ic u lu m  i s  a [ u n c t io n a l  

d is t u r b a n c e  d u r in g  s w a l lo w in g  in  th e  p r e s s u r e  r e la t io n -  

s h ip s  b e t w e e n  th e  h y p o p h a r y n x  a n d  th e  U E S . P o p u la r  

h y p o t h e s e s  h a v e  in c lu d e d  in c r e a s e d  r e s t in g  p r e s s u r e  o f  

th e  s p h in c t e r ,  la c k  o f  c o m p le t e  U E S  r e la x a t io n ,  a n d  

in c o o r d in a t io n  b e lw e e n  h y p o p h a r y n g e a l  c o n t r a c t io n  

a n d  s p h in c t e r  r e la x a t io n .  A t p r e s e n t ,  p o o r  U E S  c o m p l i -  

a n c e  d u e  to  a r e s t r ic t iv e  m y o p a t h y  r a th e r  th a n  c r ic o -  

p h a r v n g e a l  in c o o r d in a t io n  a p p e a r s  to  a c c o u n t  fo r  th e  

g e n e s i s  o f  Z e n k e r ’s  d iv e r t ic u lu m . T h e  c o n s i s t e n t  í ĩn d in g  

in  r e c e n t  s t u d ie s  is  in c r e a s e d  in tr a b o lu s  p r e s s u r e  p r e -  

c e d in g  th e  p h a r y n g e a l  c o n t r a c t io n  d u r in g  s w a llo w in g .

DIAG NO SIS

S y m p t o m s  o f  Z e n k e r ’s  d iv e r t ic u lu m  d e p e n d  o n  th e  s ta g e  

o f  th e  d i s e a s e .  T h e  ừ e q u e n c v  a n d  s e v e r i ty  o f  s y m p t o m s  

in c r e a s e  a s  th e  d is e a s e  a d v a n c e s .  C l in ic a l ly ,  Z e n k e r ’s  

d iv e r t ic u lu m  p r e s e n t s ,  in  o r d e r  o f  f r e q u e n c y , w i t h



o r o p h a r y n g e a l  d y s p h a g ia  ( in  u p  to  98 %  o f  c a s e s ) ,  re -  

g u r g i t a t io n  o f  u n d ig e s t e d  f o o d , a s p ir a t io n ,  n o is y  d e g lu -  

t i t io n ,  h a l i t o s i s ,  a n d  c h a n g e s  in  th e  v o ic e .  A  s e n s a t io n  o f  

s t i c k in g  in  t h e  th r o a t  o r  o f  v a g u e  ir r ita t io n  c a n  b e  p r e s -  

e n t  in  t h e  e a r ly  s ta g e s . W ith  t im e , p a t ie n t s  o f ie n  

le a r n  s p e c ia l  m a n e u v e r s  to  e m p ty  th e  p o u c h  b y  p r e s s -  

in g  o n  th e  n e c k  o r  c o u g h in g  a n d  c le a r in g  th e  th r o a t .  

R a r e ly  d o e s  th e  p o u c h  b e c o m e  s o  la r g e  a s  to  o b s t r u c t  th e  

e s o p h a g u s .

T h e  m o s t  p o t e n t ia l ly  d a n g e r o u s  c o m p l ic a t io n s  are  
a s p ir a t io n ,  p n e u m o n ia  ( o c c u r r in g  in  a b o u i  3 0 %  o f  

c a s e s ) ,  a n d  p e r fo r a t io n .  M a s s iv e  b l e e d in g  in  th e  d iv e r -  

t i c u lu m  h a s  b e e n  r e p o r te d . O b s t r u c t io n  a n d  f is tu la  b e -  

t w e e n  th e  d iv e r t ic u lu m  a n d  th e  tr a c h e a  a re  rare . 
C a r c in o m a  is  a n  u n l ik e ly  c o m p l ic a t io n ,  a r is in g  in  

a b o u t  0 .4 %  o f  c a s e s .

D e í in i t i v e  d ia g n o s i s  o f  Z e n k e r ’s  d iv e r t ic u lu m  i s  ụ s u -  

a lly  a c c o m p l i s h e d  b y  c o n tr a s t  r a d io g r a p h ic  e x a m in a -  

t io n  o f  th e  p h a r y n x . B a r iu m  s w a l lo w  w it h  p a r t ic u la r  

a t t e n t io n  to  th e  o r o p h a r y n g e a l  a r e a  is  th e  m o s t  h e lp íu l  

p r o c e d u r e ,  p a r t ic u la r ly  w h e n  v id e o r a d io g r a p h y  is  u s e d .  

S m a ll  d iv e r ú c u la  are  l e s s  l ik e ly  to  b e  m is s e d  b y  c a r e íu l  

e v a lu a t io n  o f  la te r a l  a n d  o b l iq u e  v ie w s .  T h e  d iv e r t i -  

c u lu m  i s  s e e n  to  p r o tr u d e  in  th e  p o s t e r io r  m id l in e ,  
g e n e r a l ly  to  th e  le f t  c e r v ic a l  r e g io n  (1 0 %  to  th e  

r ig h t ) ,  a n d  b a r iu m  t e n d s  to  íì l l  th e  p o u c h  b e fo r e  

p r o g r e s s in g  in t o  th e  e s o p h a g u s .  In  p a t ie n t s  w ith  

s y m p t o m a t ic  Z e n k e r ’s  d iv e r t ic u lu m , th e  p o u c h e s  u s u -  

a l ly  a re  m o r e  th a n  2  c m  in  d ia m e te r .  P ig u r e  l i l lu s t r a te s  a 

ty p ic a l  Z e n k e r ’s  d iv e r t ic u lu m  s e e n  o n  b a r iu m  s w a llo w .

E n d o s c o p y  is  t e c h n ic a l ly  d if f ic u l t  a n d  r a r e ly  in d i-  

c a t e d  e x c e p t  w h e n  c a n c e r  is  s u s p e c t e d  f o l lo w in g  

r a d io lo g ic a l  s t u d ie s .  If  e n d o s c o p y  is  in d ic a te d  fo r  

o t h e r  r e a s o n s ,  it i s  im p o r ta n t  to  b e  c a u t io u s  n o t  to  

e n t e r  th e  d iv e r ú c u lu m  a n d  r is k  p e r fo r a t io n .
M a n o m e tr ic  e v a lu a t io n  o f  p a t ie n t s  w i t h  Z e n k e r ’s  

d iv e r t i c u lu m  is  n o t  r e q u ir e d  fr o m  th e  c l in ic a l  s ta n d -  

p o in t ,  a l t h o u g h  it is  th e  o n ly  t e c h n iq u e  th a t  w i l l  

d o c u m e n t  th e  in c r e a s e d  h y p o p h a r y n g e a l  in tr a b o lu s  

p r e s s u r e .  ỉ t  s h o u ld  b e  p r im a r i ly  r e s e r v e d  fo r  c l in ic a l  

r e s e a r c h . T h e r e  is  n o  c o n c lu s iv e  e v id e n c e  l in k in g  

Z e n k e r ’s  d iv e r t ic u lu m  w it h  g a s t r o e s o p h a g e a l  r e i lu x  

d is e a s e .  H o w e v e r ,  p a t ie n t s  d ia g n o s e d  w i t h  Z e n k e r ’s  d i-  

v e r t i c u lu m  s h o u ld  b e  t h o r o u g h ly  e v a lu a t e d  i f  th e y  h a v e  

s y m p t o m s  s u c h  a s  h e a r tb u r n  o r  c h e s t  p a in . E s o p h a g e a l  

m a n o m e t r y  m a y  c o n f ir m  th e  p r e s e n c e  o f  c o n c o m i ia n t  

m o t i l i t y  a b n o r m a l i t ie s  c o n t r ib u t in g  to  d y s p h a g ia .

TREATMENT

T h e  t h e r a p e u ú c  c h o ic e  in  p a ú e n t s  w it h  Z e n k e r ’s  

d iv e r t i c u lu m  i s  d ic t a t e d  b y  s y m p t o m s .  S m a ll  d iv e r t ic u la

FIGURE 1 Typical Zenker’s diveniculum as secn on an ante- 
roposterior view during a barium swallow. The arrow indicates the 
location ol the cricopharyngeai musclc.

d i s c o v e r e d  b y  c h a n c e  in  a s y m p t o m a t ic  p a t ie n t s  d o  n o t  

r e q u ir e  a n y  in t e r v e n t io n  a n d  m a y  b e  f o l lo w e d  b y  p c r i-  

o d ic  b a r iu m  s w a l lo w s .  when n e e d e d ,  th e  o n ly  e f fe c -  

t iv e  t r e a im e n t  o f  Z e n k e r ’s  d iv e r t ic u lu m  i s  su r g ic a l .  
S u r g ic a l  t e c h n iq u e s  in c lu d e ,  s e p a r a te ly  o r  in  c o m -  

b in a t io n ,  d iv e r t ic u lo p le x y ,  d iv e r t ic u le c t o m y ,  a n d  c r ic o -  

p h a r y n g e a l  m y o t o m y .  O p e n  su r g ic a l  t r e a tm e n t  o f  

Z e n k e r ’s  d iv e r t ic u lu m  m a y  r c s u lt  in  c o m p l ic a t io n s  

s u c h  a s  R s tu la s , in í e c t io n ,  v o c a l corcl p a r a ly s is ,  a n d  a s-  

p ir a t io n .  T h e s e  c o m p l ic a t io n s  a re  q u i  le  ra re . E n đ o -  

s c o p ic  t r e a t m e n i  i s  e m e r g in g  a s  a v ia b le  a l t e r n a t iv e  to  

o p e n  s u r g e r y . Ít i n c lu d e s  d if fe r e n t  t e c h n ic iu e s  w ith  or  

v v ith o u t  la se r  o r  s t a p l in g .  T h e r e  a re  n o  c o m p a r a t iv e  

s t u d ie s  ih a t  a l lo w  u s  to  c o n c lu d e  w h ic h  t r e a tm c n t  t e c h -  

n iq u e  to  r e c o m m e n d .  A t th is  t im e , it  s e e m s  th a t  o p Ệ i  

s u r g ic a l  p r o c e d u r e s  a re  m o r e  in  ía v o r  in  th e  U n ite d  

S ta te s , b u t  e n d o s c o p ic  t e c h n iq u e s  a re  g a in in g  m o r e  a d -  

v o c a t e s  a s  th e y  a re  b e in g  r e íìn e d .
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GLOSSARY

ABC-type transporters Members of a large multigene íamilv 
oí transport p r o te in s  ex p ressed  in the m em b ra n es o f  
ep ith e lia l ce lls . A B C -tỵpe tran sp orters co n ta in  an A TP- 
b in d in g  cassette , s ig n iíy in g  th a i transport o f  the parti- 
cu lar substrate is en erg y -d ep en d en t. M em b ers o f  th is  
fam ily  p lay an im p o r ta n t ro le  in  lip o p r o le in  m eta b o lism  
by reg u la iin g  lip id  transport (particu larly  c h o le s te r o l 
and  o th er  s te r o ls )  h o th  in to an d  ou t o f  ce lls .

ab clom en  T h e p o rtio n  o f  the b o d y  that lie s  b e tw een  the ch est  
and  the p e lv is  a n d  co n ta in s  se v era l org a n s, in c lu d in g  ih e  
s lo m a c h , in te s t in e s , liver , sp le e n , p an creas, k id n e y s , and  
bladdcr.

a b d o m in o -p e r in e a i r e s e c t io n  A su rg ica l proceclure involving 
rem oval o f  Ihe rectu m  and anal sp h in c ter  m u sc le s , 
resu ltin g  in ih e  erea tio n  o f  a d e íin itiv e  co lo s to m y . T he  
d isse c t io n  is  a c h ie v e d  th r o u g h  a co m b in e d  a p p roach , 
vvith opcning oí the abdominal cạvity and excision of the
anus.

aberran t cryp t fo c i C lu sters o f  c o lo n ic  cryp ts that ty p ica lly  
appear Larger an d  th ick er  than  norm al; lu m e n a l sh a p e  
m ay a lso  b c  a ltered; th o u g h t to rep resen l an early  
p recu rsor o f  a d en o ca rc in o m a , e sp e c ia lly  w h en  d ysp lasia  
is prcsenl.

a b s c e s s  A lo ca lized  c o lle c t io n  o f  p u s  in  a part o f  th e  b o d y , 
su rr o u n d ed  by in ílam ecl tissu e .

a b so r p tio n  T h e m o v era en t o f  n u tr ien ts an d  flu id  from  the  
in testina l lu m e n  in to  the ly m p h a iic s  or b lood strea m . 
T h is c o n s is ts  o f  tw o  steps: u p ta k e  from  th e in testin a l 
lu m en  and transíer from  the c y to so l o f  the e n tero cy te  
in to  the lỵ m p h a tic s  or portal c ircu la tio n .

a c a lc u lo u s  L acking a g a llsto n e .

a c a n th o s is  n ig r ic a n s A d isord er in v o lv in g  Io c a liz ed  sk in  
h yp erp ig m en ta tio n ; ap p ears as v e lv etv  h yp erp ig m en ta -  
t io n , prim arily  in  ílex u ra l areas. It. Ịs u su a lỉy  a sso c ia ted  
w ith  ob esìty , type 2 d ia b cte s m e llitu s , C u sh in g s  
sy n d ro m e, a cro m eg a ly , an d  the S te in -L ev en ih a l 
sy n d rom e.

acety lch olin e T he m ajor n eu ro tra n sm itter  o f  the parasym pa- 
thetic  n erv o u s sy stem ; it  m ed ia tes the se cre tio n  o f  sa liva .

a ch a la sia  F ailure to relax; sp e c iíìc a lly , a m o tility  d iso rd er  o f  
the e so p h a g u s in  w h ic h  the lo w er  c so p h a g ea l sp h in c ter  
cloes not a d eq u a te ly  o p en  d u rin g  sw a llo w in g  and  
co n tra ctio n s in th e  eso p h a g u s are n o i co o rd in a ted .

a eh lo rh y d r ia  T he in a b ility  o f  the sto m a ch  to p rod u ce  
h y d ro ch lo r ic  acid . 

acinar cells Pvramidal-shapecỉ epitheliaì cells in the pancreas 
that sy n th e s iz e  and  secrete  d ig e stiv e  en zy m es. 

a c in u s  F u n ctio n a l u n it o f  the ex o c r in e  p a n creas co m p o sed  
o f  acinar, cen troacin ar, and  d u ct cells . 

a cro m eg a ly  A c o n d itio n  o f  in creased  gro w th  in  ad u lts  d u e  to 
the o v er se c r e tio n  o f  gro w th  h o r m o n e  (G H ). T h e patien t  
is u n u su a lly  tall, w ith  an en lárged  ja w  and  Large h ands  
an d  feet. B ecau se  th is is in ost c o m m o n ly  related  lo  a 
p itu itary tum or, w ith  tun ior  en la rg em en t the p atien i 
e x p e r ie n c e s  h ea d a ch es and o íten  v isu a l d istu rb an ces. 

a ctiv e  c o lo n ic  in ju ry  C o lo n ic  m u c o sa l d isea se  characterized  
b y n eu tr o p h ilic  in íla m m a tỉo n  o f  the m u c o sa , cryp titis , 
and  crypt a b sce sses , w ith  or w ith o u t  u lcers. 

a cu te  d iarrh ea  A diarrheal illn e ss  o f  le s s  than 14 days 
d u ration .

a cu te  fa tty  liv e r  o f  p reg n a n cy  A cu te  liver  ía ilu re  d u e to 
m icro v esicu la r  fatty in fillra iio n  o f  h ep a to c y tes  in  the 
third tr im ester  o f  pregn an cy . 

a cu te  in ie r m itte n t  p o rp h y ria  O n e o f  a gro u p  o f  rare 
in h er ite d  d iso rd ers resu ltin g  from  d istu rb a n ce  of the  
m eta b o lism  o f  the b reak d ow n  p ro d u cts o f  the red  b lo o d  
ce ll p ig m e n t (p o r p h y rin ). A p ro m in e n t íeature is  
in te rm itte n t a ttack s o f  a b d o m in a l pain. 

a cu te  p a n c r e a titis  A n acu te c o n d itio n  d u e  to in ílam m atory  
d isea se  o f  the p an creas that ty p íca lly  p resen ts w ith  
a b d o m in a l pa in  an d  e lev a ted  p a n creatic  e n z y m e s in  the  
b lood .

a cu te  tu b u la r  n e c r o s is  A brupt an d  su sta in ed  d e c lin e  in  
g lo m eru la r  íìltra tio n  rate in  resp o n se  to an  acute  
isc h e m ic  or n e p h r o to x ic  in su lt, o ften  ch a racterized  by 
b ro w n  tub u lar casts in the urine. 

a d a p ta tio n  A  p r o c e ss  o f  ch an g e  in  r esp o n se  to en v iro n m en ta l 
c o n d itio n s ;  sp e c iíìc a lly  in  th is co n tex t: (1 )  the p ro cess by  
w h ic h  th e  m o r p h o lo g y  a n d /or  a b sorp tive  íu n c tio n  o f  the  
in te stin e  ch a n g es  in  resp o n se  to s t im u li su c h  as a ch an ge  
in  the c o m p o s it io n  o f  the d ie t, th e  d e v e lo p m e n t o f  
d ia b ete s, or  a lo s s  o f  a p o rtio n  o f  the in testine;  
(2 )  e n h a n c e m e n t o f  the in te stin a l stru ctu re  and  íu n ctio n  
to c o m p e n sa te  for lo ss  o f  sm a ll b o w e l len g th . 

a d e n itis  G lan d ular in íla m m a tio n .
a d e n o c a r c in o m a  A malignant neoplasm o f  ep ith e lia l or ig in  

that is  p red o m in a n tlv  g lan d u lar  or ductal. 
a d en o m a  A b en ig n  or  p rem align an t ep ith e lia l tum or in  

Yvhich th e  c e lls  ío rm  re c o g n iz a b le  g ỉa n d u la r  s t r u c tu r e s  o r



in which the cells are clearlv derived from glandular 
epithelium.

adenomatous Relating to or describing an adenoma. 
adhesion close approximatíon of porlal iracts and hepatic 

veins. Adhesions indicale ihat loss of parenchyma has 
occurred. usually through the process of extinction. 

adjuvant chemotherapy Chemotherapcutic treatmem of 
malignancy administered after surgery or radiotherapy 
to reduce the risk of relapse. 

adnexal Describing diseases of the uterine appendages 
(ovaries, íallopian tubes, and ulerine ligaments). 

adynamic ileus Absence of inteslinal motility, often occur- 
ring for several days following surgery. 

aerophagia The íact or condition of swallowing excessive 
amounts of air. 

afferent Reĩerring to the nerve components thai conduct 
sensory information from the periphery lo the Central 
nervous system. In this contcxi, “sensory" does not 
necessarily imply sensation. 

aflatoxin BI A toxic metaholile produced by the íungi 
A sperg illus fla vu s  and A. parasilicus, which contaminate 
improperly stored peanuts, grain, and rice in hot and 
humid parts of the world. 

agammaglobulinemia The to Lai absence of antibody. 
a g e n e s is  The ab sen ce ơ f an organ.

ago n ist A drug or other su b sta n ce  tlvat b in ds 10 a receptor on  
a cell to induce a response.

Alagille syndromc A disease caused bv niutations in ihe 
Jaggedl gene, resulting in variable maniíestátions in ihe 
liver, heari, spine, eycs, kidneys, fuce. and olher sysiems. 

alan in e aminotransíerase An en zym e that is released  from  
the liver d u rin g  t im es o f  stress and inịury; can be 
m easu red  in  serum  and p lasm a. 

alcoholic liver disease Liver abnormaliiy caused by exccssive 
ingestion of alcohol. 

alkaline phosphatase An enzyme (pH optimum 9.5 — 10.5) 
that hydrolyzes many orthophosphoric monoesters and 
serves as an im p o rta n i co m p o n en t o f  in iracellu lar  pH  
buffering.

a lle le  T he alternate form  o f ihe D N A  seq u en ce o f  a g en e at a 
given locus (position of a gene on a chromosome). 

alloantigen An antigen that occurs in somc but not all 
members of the same species. 

a llo g en e ic  R eferring to in lra sp ec ies su b ịects w ith  different 
genetic constitution. 

allograft A graft transp lanted  b etw een  g en etica lly  n o n iđ en -  
tical indiviđuals of the same species. 

a llo s ta s is  D ynam ic p ro cesses in vo lved  in the d eten se  o f  
homeostasis that are generated in respcmse 10 real 01' 
perceived stressors/lriggers. 

allostatic load The wear-and-lear dainage resulting lrom 
chronic overactivity, underactivity, or mismanagement 
of allostatic systems, all of vvhich can lead to dìsease and 
illness.

alpha c e lls  P ạncreatic islet c e lls  thai produce g lu cagon .

alveolar air Expired brẹath thai is representative ìn 
composition ol the gas presenl in the alveoli, the 
smallest divisions of ihe respiratory tree. 

amebic colitis Iniestinal disease caused by Entam oeba  

histolylica.

amenorrhea Absence or abnormal stoppage of the menstrual
ílow.

aminotransferases Hepatocellular enzymes ihat are released 
into the bloodstream upon irýury oí hepatocytes; thus 
elevateđ levels serve as markers of liver cell irýury. 
Usually two typcs, alanine aminotransfcrase and aspar- 
tate aminotransĩerase 

amphipathic Denoting molccules thai have hydrophobic and 
hỵđrophilic domains such ihat ihey are suríaee active 
and often self-associating to form aggregates (micelles). 

a m p h ip h ilic  F u n c tio n in g  in both  o il and water; b ile  salts are 
amphiphilic in nature because they have both a polar, 
hydrophilic surĩace, which contains Ihe hydroxyl groups 
and a carboxyl group, and a nonpolar, cyclopeniano- 
phenanthrene hydrophobic surĩace. 

ampulla of Vater The oriíĩce in the duodenum through 
which the cominon bile ducl and pancreatic duct drain. 

ampullary slenosis Narrowing o! the ampulla, often causing 
obstruction.

amyloid A hyaline eosinophilic substance, as viewed by light 
microscopy, that is depositecl extracellularly in blood 
vessels and other tissues in a wide variety of disorders. At 
le a s t  18 d is t in c t  p ro te in s  th a t  c a n  fo rm  a m y lo id  h av e  
been identified thus far. All arnyloids arc tibrillar and 
Iook the same under light, polarization, and eleclron 
microscopy.

a m y lo id  p c o m p o n e n t  A n onfibrillar c o m p o n e n t o f  all 
amyloids that is derived from a normal precursor, serum 
a m y lo id  p.

amylopcctin A branched-chain glucose polymer; the major 
component of dietary starch. 

amylose A straight-chain glucose polỵmer presenl in starch. 
anabolic pathway/signal Neural circuit/input promoling 

food intake.
anacrobe A microorganism that cun live and grow in the 

absence of oxygen. 
anat sphincters Rings of smooth muscle or skeletal muscle 

surrounding the dìstal rectum and anal canal; contracts 
to obslruct ihe passage of feces. 

anal transitional zone The anal canal scgment thaL lies 
betxveen the uninterrupied columnar mucosa proxima] 
and the squamous epithelium below. 

anaphylaxis A hypersensitive reaction triggered by iramu- 
nological or anaphylatoxin-mediated tnast cẹll mediator 
releasc, resulling in vasodilation and sm oolh muscle 
contraction. Anaphvlactic shock is oflen fataỉ. 

anastomosis A connecúon crcated hy surgical ineans belvvccn 
two normallv distĩnct organs or structures ihat allo\vs the 
frec ílow of contents belween the two structures. 

anechoic NVithout echoes (black); in ultrasonography, 
generally correlates Wlth a fluid-filled structure.



a n g io d y sp la s ia  (v a scu la r  ec ta s ia )  T h e m o st co m m o n  vas-  
cular abnormality o f the gastrointesúnal tract. Believed 
to  be acqu ired  w ith  a g in g , it rep resen ts the  m o s l írequent 
c a u se  o f  recurrent lo w e r  in ie stin a l b le e d ìn g  in p erson s  
o ld cr  than 5 0  ycars. T h e  lik e lv  ca u se  is  in te rm itlen t, lo w -  
grad e o b slr u c lio n  o f  the su b m u c o sa l v e ìn s  at ih e  site  
vvhere llie  v e in s  p e n e lr a lc  ih c m u scu la r  laver o f  the  
c o lo n .

a n g io g e n e s is  The grovvth o f  n ew  b lo o d  v esse ls . 

a n g io g r a p h y  A ra d iograp h ic  tech n iq u e  by w h ich  b lo o d  
v e s se ls  and  v a sc u la r  a b n o rm a liú es  ca n  be v isu a lized  
fo llo w in g  in jectio n  o f  con trast m ater ia l (d y e ). 

a n g io m a  An a rter io v en o u s m allb rm a tio n  or p ro liíera tion , 
w ith  or w ith o u t d ila tìo n , o f  ih e b lo o d  vesse ls . 

a n g u la r is  A n angu lar " n o tch ” in the sto m a c h  tha i đ em arca les  
the d iv is io n  b e tw e e n  the b od y  and antrum  o f  the  
sto m a ch .

ankylosing spondylitis Chronic inílammation of the spine 
an d  ad ịaccn t jo in ts . 

a n n u la r  p a n crea s A c o n g en ita l c o n d il io n  in  xvhich the  
p an creas d o e s  n o t  rotate n o rm a lly  d u r in g  em b ry o g en esis , 
rcsu ltin g  in an e x tr in s ic  c o m p r e ss io n  o f  the se c o n d  
p o rtio n  o f the  d u o đ e n u m . 

a n o m a lo u s  p a n c r e a tic o b ilia r y  d u cta l ju n c l ìo n  An ạn atom i-  
c a l variani o l the ju n c tu r e  o f  the c o m m o n  b ile  duct and  
p an cresuic d u ct, foun d  in  a ss o e ia iio n  w ith  ga llb ladd er  
carcin on ia .

a n o r e x ig c n ic  A ctin g  to su p p ress  the a p p etite . 

a n ta c id  A n y o f  v a r io u s m e d ic a lio n s  cap ab le  o f  b u ffer in g  or  
nt'ulraK zing g a sư ic  (s to m a c h )  acid . 

a n ta g o n is t  A drug o r  o lh e r  su b s la n c e  ihat b ín d s to a recep tor  
on  a ce ll 10 p reven t o r  reverse ih e  r esp o n se  of an agon ist. 

i in th r o p o n o s is  A c y c le  o f  in íe c lio n  ch aracter ized  by trans- 
m issio n  b e tw een  h u m an s. 

a n th r o p o z o o n o s is  A Ira n sm issib le  in íe c t io n  ihat o ccu rs in  
an im a ls and hu m an s. 

a n tib o d y  A Y -shaped  im m u n o g lo b u lin  p ro te in  on  the su rĩace  
o f  B ce lls  that is  se cre ted  in to  the b lo o d  or ly m p h  in  
resp o n se  to an  a n tig e n ic  st im u lu s . 

a n tid e p r e ssa n t  A c la ss  o f  d ru gs, ih e  prim ary  e ffe c t  o f  w h ich  
is to  c o r re c t  n e u r o l r a n s m i l le r  im b a la n c e  in  th e  C entral 
n erv o u s sy stem  o ccu rr in g  in  a m ajor d ep ressio n . 
A n tid ep ressa n ts tencl to  be u se íu l in  the íu n ctio n a l 
g a stro in testin a l d iso rd er s , b o th  to treat co n co m ita n t  
a n x ie ty  and d e p r e ss io n  and to red u ce  pain. 

a n tilìa tu le n t  A cla ss o f  d ru g s e ffective  for ih e  r e l ie í  o f  p a in fu l 
b lo a tin g  or se n s a t io n s  o f  p ressu re  an d  [u lln ess, co m -  
tn on lv  reíerred  to  as gas in  the d ig estiv e  tract. 

a n tig e n  A nv m o le c u le  th a i can sp e c iíic a lly  b ind  to an  
a n tib o d y  and e lic it  an  im m u n e  resp o n se . 

a n tig c n -p r c sc n tin g  c e l ls  C elỉs  that h ave the  a b ility  to  
in tern a lizc  p ro te in  a n tig e n s , p ro cess  th e m  in to  p ep tid es , 
and present th ese  p e p tid e s  on  their  su r ĩa c e  in a sso c ia tio n  
w ith  M HC 11 m o le c u le s . T he prim ary a n líg e n -p r e se n tin g  
c e lls  are d en d ritic  c e lls , m a cro p h a g es, an d  B Ivn ipho- 
cy ies .

a n ú n e u tr o p h il c y to p la sm ic  a n tib o d ie s  P rotcin s d irected  
against cv top lasm ic  n eu tro p h il a n tig en s su ch  as p ro te i-  
nase 3 and m y elo p ero x id a se; u se íu l in the d ia g n o sis  o f  
sm a ll-v esse l v a scu litis . 

a n ú n u c le a r  a n tib o d ie s  (A N A s) A u to a n tib o d ies that are 
d irected  a ga in si n u c lea r  an tig en s and m easu red  by  
in d irect im m u n o flu o re scen ce . SpeciR c A N A s are d irected  
against D N A , h is to n e s , c o m p o n e n ts  o f  ihe sp lic e o so m e  
(Sin , R N P, Ro, and La), and o th er  n u clear  a n tig cn s  
(cen tro m cre , to p o iso m e ra se  1). 

a n tin u c le a t in g  p r o te in s  Biliary p ro te in s thai can  in h ib it  
n u c lea tio n  o f  c h o le s te r o l crysta ls 1)1 vi tro. E xam p les  
in c lu d e  a p o lip o p r o te in  A-I, a p o lip o p r o te in  A -U , and  
im m u n o g lo b u lin  A. 

a n tip o r l T ransp ori that is  d e p e n d e n l on  the c o u n te r t r a n s p o r t  
of a n o th er  su b slra te  a cro ss a m em b ran e barrìer. 

an li-S acch íiro iụ yces cerevesiae An an tib o d y  ihat reco g n izes  
Sacchơrơmvces cerevesiae (bak er’s  yca st). lt is th o u g h t  
ihat th is  a n lib o d y  rep resen ts an  altered  im m u n e  
resp o n se  to bacteria thai share cro ss-rea ctin g  e p ito p e s  
w ith  o lig o m a n n o s id ic  ce ll w all e p ito p e s  o n  h a k ers  yeast. 

a m iz y m e  A n  cn zy m e h o m o lo g u c  o f  o rn ith in e  d ecarb ợ xy lase , 
capab le o f  b in d in g  an d  in h ib it in g  it. 

antral sp a r in g  A p attern  o f  g a sư o p a ih y  in w h ich  the  
p rox im al sto m a ch  (fu n d u s and b o d y ) is prim arily  
in v o lv e d  an d  the d ista l s to m a ch  (an tru m  and p y lo ru s)  
ĩs re la tiv e ly  or to ta lly  free o f  d isease. 

a n lr e c to m y  A type o f  partial g a strec tom y in  vvhich ih e  
s to m a ch ’s antruni is  rem oved . 

antrum  T h e d ista l or lo w e r  p ortion  o f  the S lom ach. 

a n x ie ty  d iso r d e r  A c o n d itio n  o f  e x c e ss iv c  a n x ie ty  an d  w orry  
thai c a n n o t  be co n tr o lle d  and is p ersisten t w ith  a range  
of sy m p to m s. M ild  form s in c lu d e  phob ias; tnore severe  
form s in c lu d e  p an ic  d isorder. 

a p h th o s is  T he o ccu rre n c e  o f  n u m cro u s m u co sa l u lcers, or  
apthae. C o m m o n ly  o ccu rs  as an id io p a th ic  d isord er or  
can  o c c u r  as a parl o f  d isord ers su ch  as B eh fe t’s  d isea se  
or C r o h n s  d isea se . In B ehẹet’s  d ìsea se , the ap h lh ae are  
ty p ic a lly  n u m er o u s , large, and d eep . 

a p ica l m cm b ra n e  T he p o r tio n  o í the in te s lin a l ep ith e lĩa l c e ll  
p lasm a m em b ran c facin g  the in te stin a l lu m en  (ih e  
ex ter io r  o f  the b o d y ). 

a p o lip o p r o te in  A m em b er  o f  a large m u ltig en e  fam ily  o f  
p ro te in s w ilh  the ab ilìty  to b in d  lip id s (ch o lestero l and  
tr ig ly cer id e) in  ord er  to ĩacilita te  their tra n sp o n  in  
plasm a.

a p o p to s is  A  m ech a n ism  o f  c e ll death  that is  co n tro lled  by  
sp ec ific  m eta b o lic  c e ll d ea th  p a th w avs an d  that resu lts  
in ừ a g m e n ta ú o n  an d  co n d en sa tio n  o f  ih e  ce ll n u c leu s , 
w ith o u t s ig n iíìca n t in íla m m a tio n  in the su rro u n d in g  
tíssu e  An e v o lu lio n a r ily  co n se rv ed  m eth o d  o f  pro- 
gram m ed  c e ll  dea lh ; a lso  reíerred to as “ce ll su ic id e .” 

a p p c n d ic o s to m y  A n o p e n in g  that affords a ccess to the large  
in te stin e  th ro u g h  the  tip o f  ih e verm iíò rm  ap p en d ix . Ii is 
u su a lly  a ttach ed  to the an terior ab d om in a l w all and is 
u sed  for irrigatịon  and b o w e l m a n agem en t in so m e  old er



p a tie n ts w ith  bovvel d y s lu n c tio n  fo llo w in g  im períbrate  
an u s repair.

a p p e titc  T he in stin ctiv e  d esire  to eat. A p p etite  p ro m o ies  
ea tin g  b eh a v io rs to su sta in  life . 

area p o strem a  A n area o f  the m ed u lla  w h ere  to x in s  can  be 
d e te c le d  and v o m itin g  is in itia ted . 

a rgen ta ffìn  c e lls  C ells  c o n ia in in g  a p o ten t red u c in g  agen t, 
u su a lly  se ro to n in , ih a i r e d u c e s  ađ d ed  silv er  sa lts lo  a 
b lack  p igm en t in  a m ann er a n a lo g o u s to d ev e lo p m en t o f  
p h o to g ra p h ic  film . 

argon  p la sm a  p h o to c o a g u la t io n  T he u se  o f  io n ized  argon  gas  
to p rod u ce a h ig h -freq u en cy  current for the p u rp o se  of 
th erm a lly  eo a g u la lin g  tissu es. 

a rrh yth m ia  An ab n orm al rh ythm  o f  the heartbeat. 

arrh y th m ic  D escrib in g  an ab n orm al rhythm . 

a rter io m eg a ly  D iffu se arterial en la rg em en t m ore chan 50%  
a b o v e  norm al. 

arth ra lg ia  Pain in  the jo ín ts.

a n h r o c h a la s ia  Jo in t in stab ility  or  ten d e n c y  10 d isỊocate . 

a sc ite s  T he e x c e ss iv e  a c c u m u la ú o n  o f  free ílu id  in the  
p er ito n ea l cavity. 

a s p i r a t io n  T he in h a la ú o n  o f  in g e s ie d  su b stan ces . 

a s te r ix is  M otor d istu rb an ce c o n s is t in g  in  the ía ilure 10 
a ctiv e ly  m ain ta in  p o stu re  o r  p o sit io n . 

a tax ia  C o o rd in a ú o n  p rob lem s, su  ch  as c lu m sy  or aw kw ard  
m o v e m e n ts  and u n stea d in ess , o f ic n  b e g in n in g  w iih  
d iffk u lty  in  vvaìking. 

a io p ic  A hered itary p red isp o s itio n  10 im m u n o g lo b u lin  
E -m ed ia ied  a llerg ic  rea ctio n s aga inst in n o c u o u s  an tig en s  
(a lle rg en s).

a tres ia  T he co n g en ita l a b sen ce  or c lo su re  o f  a norm al b od y  
oriR ce or tubu lar organ , e .g ., eso p h a g ea l or b iliary  
atresia .

a tro p h ic  g a str it is  L oss o f  ih e  g lan d u lar  stru ctu res and  a 
c o lla p se  o f  the re ticu lin  sk e le to n  o f  the gastric m u c o sa , 
w ith  ih in n in g  o f  the g lan d u lar  layer o f  the m u co sa  and  
rcp la cem en i o f  g lan d s by (ìbrosis and so m e tim e s  by 
in ie stin a l-ty p e  ce lls . 

a tten u a ted  D escrib in g  a less in te n se  form  o f  a c o n d iú o n  or 
d isea se .

A u erb a ch ’s p le x u s  A netvvork oi n e u r o a s  lo c a ie d  b etw een  
th e  circu lar and lo n g itu d in a l m u sc le  layers o f  the 
g astro in testin a l tract; p rim a rily  in v o lv ed  w ith  the trans- 
m iss io n  o f  m o to r  in ĩo rm a tỊo n  b e tw een  the cen lra l 
n erv o u s system  and the p erip h era l cn d  organ. 

a u to a n tib o d y  An im m u n o g lo b u lin  d irected  agạin st a norm al 
ce llu la r  c o n ip o n e n t w ith in  on e 's  o w n  b od y. 

a u to a n tig e n  A " self-an tigen ” an  agent that s t im u la tes  the 
p r o d u c tio n  o f  a u to an tib od v . 

a u to c r in e  D escr ih in g  activ itv  e lic ilec l from  a n o n n e iư o n a l 
c e ll  in  resp o n se  to ĩactors releasetl bv that sam e cell. 

a u to im ra u n e  In v o lv in g  an im m u n e  resp o n se  against the  
b o d y  s ow n  ú ssu es. 

a u io in íe c t io n  T he rcp lica tion  o i a n em a to d e  parasite w ith in  
the prim ary host.

a u to n o m ic  P erta in in g  to the in iern al sy sten is  in  the b od y  
(card iov a scu la r , p u lm on ary , g a stro in ie s tin a l)  rece iv in g  
in n erv a ù o n  tha i is  n o t under v o lu n tary  ẹon tro l. 

autonomic nervous system The part of the nervous System in 
v e r te b ra te s  th a t  C o n tro ls  in v o lu n ta ry  a c tiv itv . 

autoregulation A process by vvhich vascular inflow is 
r eg u la ied  to m a in ia in  total liver h lo o d  ílovv al a relatively  
c o n s ta n i le ve l.

a u to s o m a l d o m in a n t D escrib in g  a M en d elia n  gen e thai 
ahvays m a n ifests  p h en otyp ica lly ; all a ffec ted  in d iv id u a ls  
have at least One affected  parent, an d  the p h en otyp e  
affects m ales and fem ales equally . 

a u to so m a l d o m in a n t  p o ly c y st ic  k id n e y  d is e a s e  A d isease  
ch a racterized  by the p resen ce  o f  m u ltìp le  k id n ey . and 
o íle n  liver, cvsts . The c o n d itio n  is  in h erited  in an  
a u to so m a l d o m in a n t pattern. 

a z a th io p r in e  (A Z A ) A n in u n u n o su p p re ss iv e  d ru g  used  in 
reíraclory  u lcera ú v e  co litis . It w o rk s by in ier íer in g  w ith  
D N A  rep lica tio n  and cell p ro liĩera tio n  

a z o te m ia  E leva tìon  o f  b lo o đ  urea n ú r o g e n  clue 10 im paired  
renal íu n ctio n .

b a c illa ry  d y sen ter )' D iarrheal i l ln e ss  ca u sed  by bacieria  
b e lo n g in g  to the g e n u s  Slìigella. 

b a cter ia l o v e r g r o w ih  An abnorm al b acier ia l pro liíeration ;  
w iih in  ih e  sm all in testina l lu m en , th is resu lts in  m ucosa l 
a h cra tio n s an d  ch a n g es in  b ile  sa lt m etab o lism . 

b a cter ia l tra n s lo c a t io n  T he m ig ra ù o n  o f  variou s bacteria  
Irom  the g astro in testin a l m u c o sa l su ríaces lo  local 
lym p h a tic  v e s se ls  an d  b lo o d  v esse ls . 

b a c lc r io p h a g e  ty p in g  Bacierial typ in g  thai d ifferen tia tes 
b e tw een  bacteria  or stra ins o f  b acler ia  b y  their su scep l-  
ib ility  to  o n e  OI m o re  b acteriop h ages. 

bariatry  A field  o f  m ed ic in e  or su rgery  that en co m p a sses the  
stu d y  and  p r e v e n ú o n  o f o b esity , as w e ll as th e  ev a lu aú on  
and treatm en t o f  o b ese  in d ív id u a ls . 

b a riu m  en em a  R ad iograp h ic ex a m in a tio n  o f  the co lo n  and  
reclu m .

b a r iu m  su l ĩa le  A w h ite  p ow d erv  su b sta n ce  used to facilita le  
ra d iograp h ie  v isu a liza tio n  o( ìm ern a l s iru c tu res o f  the 
b od y.

B arrctt’s  e s o p h a g u s  A c o n d itio n  ihat d ev e lo p s w h en  thc 
norm al sq u a m o u s tissue in the  c so p h a g u s is rep op u la ted  
by in te stin a l ẹp ith e liu n i; a p rem a lig n a n t le s io n  that is 
b e l ì e v e d  to OCCUI b y  TTietaplastic c h a n g e  d u r i n g  the  
cou rse  oi reQ ux d am age lo  sq u a m o u s ep ith e liu m . 

b a se  In th is c o n te x t, o n e  o f  the tw o  lu n ctío n a l z o n e s  o f the  
gastric  u n ii, fo u n d  a l ihe b ottom  o í  ih e  gastric g land . ih e  
sitc  o f  c e lls  p r o d u c in g  [he acid  and  en zy m es nccessarv  
for h rea k d o w n  o f  ío o d  in in e  gasir ic  lun ien . 

b a se m e n t m em b ra n e  A sp cc ia lize d , sh e e t- lik e , extracellu lar  
m atrix stru ctu re  tha i sep a ra ies the c o n n e c t iv e  tissue  
from the epiihelia , blood vessels, m uscle Íibers, and 
nerves.



b a so lạ tera l m em b ran e T h e p o r iio n  o f  the in iestin a l ep ith e lia l
cell p lasm a m em b ran e facin g  the b lo o d  (im er io r  o f  the  
bodỳ).

B-cell g astr ic  ly m p h o m a  A m o n o c lo n a l p ro lilera tio n  o f  
ca n cero u s B c e lls  that h ave in lĩltra ted  the gastric g lan d s. 

B-cpll rcccptors Moleculcs preseni on B lymphocytes; ihey 
con ta in  ce ll su r ía ce  im m u n o g lo b u lin  sp eciR c for a n tig en . 

Bence Joncs proteins Free monoclonal im munoglobulin  
ligh t ch a in s p rocỉu ced  and  secreted  bv a s in g le  c lo n e  o f  
plasma cells.

b en tir o m id e  te st  A tu b e le ss  p an creatic  fu n ctio n  test thai 
indirectly measures pancrealic chymotrypsin output 
using bentiromide as a substraie. 

b e n z o d ia z e p in e s  A c lass o f  m e d ic a ú o n s  w ith  sed a tin g  and  
am n estic  e líec ts .

Bemstein lest A diagnostic test used to determine vvheiher 
in fu s io n  o f  ac id  in to  the eso p h a g u s rep ro d u ces sv m p -  
to m s o f n on -ca rd ia c  c h e s t  pain . 

b eta  c e lls  P ancreatic  is le t c e lls  that p r o d u c e  in su lin . 
bezoar Any of various calculi íound chieíly in the gastro- 

inicsúnal organs and íormerly believed to possess 
magical properties. The preíìxes phyto-, tricho-, and 
lacio- are used lo tleíìne the major bezoar conslituents: 
vegeiable matter, hair. and milk products, respectively. 

bilc Fluid secreted by the liver inio the biliary system and 
subsequenily into the gut. Bile is composed of vvater, 
organ ic  a n io n ic  an d  c a lio n ic  su b sta n ces , e lec tro ly tes , and  
several p ro te ịn s and  lip id s . In a d d itio n , b ile  is th e  route  
o í ex cre tio n  for m any tox ic  su b sta n ces . Ít c ọ n ta in s  
e n d o g e n o u s  or e x o g e n o u s  su b s ia n c e s  that are ex ere ted  
by ihc liver, Ireq uently  aítcr th ey  u n đ ergo  h ep a iic  
b io tn tn sio rm a tio n . 

bilc acids Molecules that are presenl in high concentrations 
in bi le and are responsible for its physiological proper- 
lies. Chcmically, hile acids are compounds having the 
cholanc or cholestane nucleus with an acidic group on 
the terminal carbon of the side chain. One to three 
hydroxvl groups are present on the nucleus, and there 
m ay be an a d d itio n a l h y d ro x y l g rou p  on  the s id e  ch a in . 
Bile a c id s are 1'ormed in h e p a io c y te s  from  c h o lé s ie r o l. 

b ile  a lc o h o ls  M o lecu les  tha i are present in h igh  C ỡncentra- 
tions in b ile  in cer ta in  sp ec ie s  (ca rtila g in o u s fish , 
h crb ivorou s fish , a n c ie n i m a m m a ls). C h em ica lly , they  
iire c o m p o u n d s  w ith  a ch o les ta n e  n u c le u s , h a v in g  a 
hvdmxyl group on the termìnal carbon ol the side chain. 

b ile  c a n a lic u lu s  A d o m a in  o f  p olar h e p a to c y te s  that c o n n e c ts  
wiih the biliary system. It contains many transport 
proleins ihat are required for bile íormation. 

bitc duct Slructure that passes bile from ihe liver to the 
gallbladder or to the duodenum. 

b ile  rc llu x  T he m o v e m e n t o f  b ile  from  ih e  sm all in te stin e  
(c lu od en u m ) in to  th e  sto m a ch . 

hilc salt An organic anion that is the ionized form of a bile 
acid.

h ile  sa lt -d e p e n d e n t  b ile  f lo w  A c o m p o n e n t o f  b ile  flow  that 
is attributed  to ih e  o sm o tic  éffect o f  b ile  sa lts secreted  
in to  the bi le ca n a licu lu s .

bile sak-indcpendcnt bile flow A tom ponenl of bile flow
that is n o l a ttr ib u ted  to ih e  o sm o ú c  e lĩe c t  o f  b ile  sa lts, 
and is c o m m o n ly  attrib u teđ  to the active  se cre tio n  o f  
e le c tr o ly ie s  and o th er  su b sta n ces . 

b iliary  a tres ia  A Progressive fib ro in flam m atory  p ro cess  
r e su ltin g  in  o b liter a lio n  o f  the extra  h ep a tic  b iliarv  duct 
in  in ían ts .

b ilia ry  f is tu la  An a b n orm al p assage or c o m m u n ic a t io n  from  
the biliary system to anolher location. 

biliary pain A svmpiom due to (ransient obsiruction of the 
biliary tract, including the gallbladder. 

biliary sludge Microscopic precipilates in bile ihat can 
b e v isu a liz e d  vvith u ltr a so n o g ra p h y  or b ile  m ũT O scopy. 
Can produce symptoms and complications similar to 
ihose of gallstones. Also known as microlithiásis or 
p se u d o lith ia s is . 

biliary stent A catheter placecỉ within the bile duct to provide 
p a te n c y  o f  the d u ct. 

biliary system  A collecùve term for ihe anaiomic area 
c o m m u n ic a t in g  from  the liver  to the gut. It in c lu d es  
small bile ductules, bile ducts, and the gallblađder. 

biliar\' tract A branching tubular network draining hile from 
the liver inlo the inlestine. 

b iliru b in  A p orp h yrin  m o le c u le  tliat is  a ch em ica l breakdovvn  
product of heme metabolism. Bilirubin is very hydro- 
phobic (insoluble in water) and must be meiabolized into 
it s  w a ter -so lu b le  g lu c u r o n id e  form  p rior to se c r e tio n  in to  
hilc. Bilirubin is yellowish, thus, when serum bilirubin 
le v e ls  are e lev a ted , ja u n d ic e  b e c o m e s  cv id en t. w h e n  
b iliru b in  is o x id iz e d , ii b e c o m e s  b iliverd in . 

b iliv e r d in  O x id iz e d  b iliru b in  (g reen  in co lo r );  the m ajor b ilc  
pigment in the bile of some lish and mammals. When 
biliverdin is reduced, it becomes bilirubin.

Billroth l/II Reconstructive surgical procedures used after 
parlial gaslrectomy in which the remaining parl of the 
stomach is connected to ihc duodenum or jejunum, 
respecúvety.

b in d in g  p r o te in s  Large m o le c u le s  that c ircu la te  in the  
bloodsiream and aliach to smaller molecules such as 
horniones. These proteins tend to prolong the liie of the 
bound hormones by keeping them in the bloodstream. 

b in g c  (b in g e  e a iin g )  G o n su m p tio n  in a d iscrete  tim e frame 
(usually < 2h ) of an amount oi food that is deEnitely 
e x c e s s iv e  in  co m p a r iso n  w ith  Lhe a m o u n t o f  food  
consum ed by most others in similar circumstances. 
The consum plion of large quantities of íood at certain 
ce leb ra to ry  or h o lid a y  feasts, for e x a m p le , is  n o t u su a lly  
considered to conslilute paLhological bingeing. A single 
binge-ealing episode mav lake place at more than one 
locaùon, but day-long snacking is not a binge. 

b io a v a ila b ility  T h e a m o u n t o f  an  active  agen t, su c h  as a 
drug, that is available at the targeted site after admin- 
istra tion .

b io e le c tr ic a l im p e d a n c e  a n a ly s is  E sú m a tio n  o f  total bod y  
w ater  by p a ss in g  lo w -a m p era g e  e lec tr ica l a ltern atin g  
cu rren t th ro u g h  th e  b od y  and  m ea su r in g  the e lec tr ica l 
p ro p erties  o f  res ista n ce  an d  reactan ce.



b io íeedb ack  The use o f electronic or m echanical devices to 
provide visual and/or audilory iníorm ation (ỉeedback) 
on a biological process for the purpose o f icaching an 
individual to control the biologícal process. 

b io im p e d a n c e  a n a ly s ìs  M easu rem en t o f  b od y  res ista n ®  and  
reactance by the use of a íixed high-lrequency allernating  
current; can be used to assess body cell mass and lean 
body m ass indirectly. 

b io im p e d a n c e  sp e c tr o sc o p y  M easu rcm en t o f  a range o f  b od y  
resistance and reactance by the use of variable lìigh- 
írequency alternating current. 

b io m e d ic a l /b io p s y c h o s o c ia l  m o d e ls  see  DUALISM. 
b iop sy  A sm all ússue sam ple taken during endoscopy. 
blood-brain barrier Physiological and anaiom ical barriers to 

the free d ilĩu sion  of larger m olecules from the vascular 
System to the neural circuits of the brain.

Blue Rubber Blcb Nevus syndrome A disorđer consisting of 
m ultiĩocal venous m allbrm ations o f the skin, soft tissues/ 
musclẹs, gastrointesúnal traci, or almost any organ. 

Blumer’s shelí' A palpable rectovaginal or rectovesical 
nodularity that may represent metastatic disease from 
an intra-abdom inal or retroperitoneal malignancy. 

blunl injury A mechanism of inịury that deíorms tissue on 
im pact and causes tissue dìsruption w hen the elastic 
íorces o f the tissue are exceeded.

B ly m p h o c y te  T h e  p recu rsor o f  an a n tib o d y -p ro d u c in g  cell 
(plasm a cell); it has a surlace antigen receptor that can 
recognize antigens in soluúon.

B o c h d a le k  h e m ia  D iaphragm atic  d e fec i in the p ostero-lateral 
ch est ai the lu m b o co s ia l ịu n ctio n s. 

b o d y  c e ll  m a ss  T he actively  m etab o lic  c o m p o n e n t o f  lean  
body m ass, representing approximaLely 40% of bodv 
m ass (w e ig h t)  and co n sis tin g  p rin cip a lly  o f  sk ele ta l 
m uscle and visceral organs. 

b o d y  d y sm o r p h ic  d iso rd er  A p r eo ccu p a ú o n  w ith  w h at is  
perceived lo be a defeci in one’s own bodv 0 1 ' 
ap p eara n ce . T he defect is  im agin ed  en tire ly  01\  if  an 
anom aly is present, the concern is excessive or extrem e. 
The distress related lo the m isperceived defect is so great 
thai signíiĩcant social, occupational, or other impairment 
results.

body mass index (BMI) A formulation thai describes relative 
bodv w eìght for height; expressed as weight in kilograms 
divided by height in meters squared, or pounds divided  
bv inches squared. This index provides a good measure 
of nutriúonal states including m alnulrition. under- 
vveightnorinal status, overvveight, and obe.se. The BMI 
ìs not gendcr-specìRc and is rclativelv ỉndependent ol 
height.

Boerhaavc s syndrom e A spontaneous, iransmural tear of the 
esophagus, w ith íree períoration. 

bolu s 1. A rounded niass ol food or a pham acological agent 
ready to be swallowecl. 2. Such a mass passing through  
the gasirintcsúnal tracl. 3. An intravenously inịecied  
dose o f a com rast ageni, ađminislerecl rapidlv to producẽ  
a short contrast đ lect.

b o m b es in -re la ted  p e p tid e s  P eptides related to  the 14-am in o- 
acid peptide, bom besin , which was originally isolated 
from  the sk in  o f  the írog, Bombina bombína. M any of 
these peptides (ranatensin, phyllolitorin, litorin) were 
isolated from the sk in  o f other (rogs. 

b o rb o ry g m i R u m blin g  n o ise  p rod u ced  bv the m o v em e n t o f  
gas in the intestine.

B orch ard t’s  triad  T h e co m b in a tio n  o f  p a in , u n p rod uctive  
v o m itin g , and  the in ab ility  10 pass a n asogastr íc  lube in a 
case of acute gastric volvulus. 

b o tu lin u m  to x in  A p ro te in  p rod u ced  by Clostiidium  
b o t u l i n u m  b a c l e r i a ,  u s c d  t h e r a p e u ú c a l l v  t o  p a r a l ỳ É C  o r  

relax ihe m uscle into w hich it is injected. 
bougie A m ercurv-filled rubber tube that is passed bv mouth 

and down the esophagưs to dilaie or stretch a narrovved 
segm ent of intcstine. 

bow el ischem ia An acuie or chronic syntlrom e resulting 
from inadequate blood pcrlusion ol aii-y portion ol the 
sm all or large bovvel. 

bovvel r esec tio n  Surgical rem oval o l part oí the large or small 
inlcstine.

bradygastria Abnormally slow gaslric myoelectrical acứvity 
(1 0 - 2 .5  cpm ).

brain—gul axis Bidirectional Communicalion bclwcen the 
Central ne rvous  sys tem  and the gut Via ne rvous  and 
cndocrinc paihvvays to ensure that d igesiive lunclion is 
optiinal for the overall State oi' ihẽ organism. 

b r id g in g  n e c r o s is  A h isto lo g ica l p au ern  ol se v ere  liver 
inỉlam m ation in w hich the inílam nialory iniillratc and 
cvklence oi hepalocyte damage exietid from portal tract 
1 0  porial tract or porial traci to Central vcín.

Brooke ileo sto m y  Surgical procedure described hy Bryan 
Brooke in w h ich  the ileum  is passed through an openiag  
in the abdom inal wall, w ith several cen iim eiers prolrud- 
ing and its clisLal end everted. 

b ru sh  b o rd cr  in em b r a n e  A pical m em brane oi' the en tero cy ie , 
ĩacing thc intestinal lum en. This is the site [rom which 
uptake of dietary lipid occurs.

B sy m p to m s  In p a tie n ls  vvith ly m p h o m a , fcver, w e ig h t loss, 
and n ight svveats; a sso c ia ied  w iih  w orse p ro g n o sis , 

B u d d -C h iar i sy n d r o m e  O b sư u ctio n  o f  the h ep atic  ventm s 
outflow  al the level o f  the large hepatic veins or ihẹ 
suprahepalic or intrahepaúc segm ent of the inferior vena 
ca va.

bulking agenls Macromolecular substanccs that increase 
stool bulk and soften íecês hy water binding. They may 
be ol plant origin (e.g., bran. P la n ta g o )  or sy n lh elic  (e.g., 
polyethvlene glycol). They cannot be split bv the 
cnzym es ol the hum an gut. but may be partially digested 
hy the co lon ic  ílora. 

byp ass A procedure in w hich one structure ỉs an iík ia lly  
connectcd 1 0  another so as to circum vént a normally 
intervening segm cnt o ĩ lissue. For exam ple, in a gastric 
bypass procedure, the stom ầch is connccled  to the 
second portion ol the small iniestine so thai food 
circum vem s the main part ot the slom ach and the lirst 
portion of the small iiuesùne.



cachexia  Severe malnutrition.
c a e r u le in  An an a logu e o f  c h o le c y s to k in in  thai, b eca u se  it is 

m ore stab lc, is  used  for se c r e ta g o g u e -in d u c e d  pan creatitis . 
ca g  p a th o g e n ic ity  is la n d  (cag P A l) A grou p  o f  a p p ro x im a te ly  

4 0  g en es presen i in  the g e n o m e s  o f  so lĩie  Heìicobacter 
pylori strains. Strains vvith the cag PA1 ca u se  m ore  
in íla m m a tio n  and the p r e se n c e  o f  ih is  p a th o g e n ic ity  
islan d  is associa ted  w íth  an ín crea sed  risk  o f  d e v e lo p in g  
ga slr ic  cancer or p ep lic  u lc e r  d isea se . 

c a lc ito n in  A ihyroid  h o r m o n e  that a cts  to reg u la te  ca lc iu m  
le v e ls  in the b lo o d  and to  s t im u la te  b o n e  m in era liza tio n . 

c a lc ito n in  recep to r-lik e  r c c e p to r  O n e  o f  the ih rcc  p ro te in s  
that form  ih c c a lc ú o n in  g e n e -r e la ie d  p c p tid e  receptor  
co m p le x  (th e  o th e r  tw o  p r o te in s  are the  receptor- 
a sso c ia ied  m em b ran e p ro ie in -1  an d  ih e rece p to r  co m -  
p o n en t p ro te in ). T h e c a lc ito n in  rec e p to r -lik e  recep tor  
c o n s is ts  o f  sev en  tran sm em b ra n e  d o m a in s , is  c o u p le d  10 
c  p ro te in s. and serv es as the rece p to r  p ro te in  that 

reco g n izes  ca lc ito n in  g e n e-re la ted  p ep ú d e  as ligand. 
c a k u lo u s  R ela iin g  tơ or d c n o tin g  a ca lcu lu s. 
c a lc u lu s  (pl. c a lc u li)  An a b n orm al c o n c r e lio n  ( s to n e ) ,  

u su a lly  c o m a in in g  m in era l sa lts; e .g ., a g a lls lo n e . 
c a Ịm o d u lin  An in tracellu lar  h ig h -a ffin iiy  c a lc iu m -b in d in g  

p o ly p ep tid e  form in g  a c a lc iu m /c a lm o d u lin  c o m p le x  that 
regu la tes io n  transport th r o u g h  ih e  m o d iíic a t io n  o f  
ce llu la r  regu la lory  p ro te ín s. 

c a n .ilic u lu s  (pl. c a n a lic u li)  A sp a ce  fo n n e d  b c tw e e n  ih e  
ap ica l m em branes o f  hepatocyt.es, in  to w h ic h  ca n a licu la r  
bile is secrcted ; the sm a lle s t  u n it o f  the b iliary  tract. 

ca n a ỉs  o l H ering S tructu rcs lin e d  by b o th  c h o la n g io c y te s  and  
h ep a lo cv tes; ihc m ost p er ip h cra l p ortio n  o f  ih e  b iliary  
system .

ca p a c ita tiv e  C a21 en try  In tlu x  o f  ex tracellu lar  C a21 a cro ss  
the ce llu lar  p lasm a m em b ra n e  fo llo w in g  the d e p le tio n  of 
in iracellu lar  Ca stores- 

c a p sa ic in  A natural in g red ien t o f  h o i p ep p ers o f  the g e n u s  
Capsicum, the p u n g en t in g r e d ie n t  o f  m a n y  “h ot” and  
sp ic y  ío o d s. A su b ty p e  o f  p rim ary a fferent n eu ro n s is  
se n s it iv e  to cáp sa ic in ; at lo w  d o se s , ca p sa ic in  st im u la tes  
th ese  n eu ron s and is lo x ic  to  ih e  n eu ro n s al h igh  d o se s  
or after p ro lon ged  treatm ent. 

ca p su le  w ir e le s s  e n d o sc o p y  T h e  u se  o f  a sm all cam era  
c o n ta in in g  a ca p su le  that is  in g ested  to  eva lu ate  the  
g a stro in testin a l tract. T y p ic a lly  u sed  to in v estig a te  
b leed in g  so u rces in the sm a ỉl in te stin e . 

carb o h y d ra te  in to ler a n c e  C lin ica l sy m p io m s in d u c e đ  by the  
in g estio n  o f sp ec iíìc  form s o f  ca rb o h yd ra ie  (e .g ., la c lo se  
in to lera n ce , su cro se  in to le r a n c e , fru ctose  ín to ler a n c c ) or  
carb oh yd raies in general. 

ca rb oh yd rate  m a la b so rp tio n  P oor ab so rp tio n  o f  an y  g iv en  
carbohydrate; d etected  by sp e c iíĩc  te stin g  (e .g ., la c to se  
ab so rp lio n  test, la c to se  b rea th  test). 

c a r c in o g c n c s is  T he p ro cess ĩn  w h ic h  norm al c e lls  d ev e lo p  
in to  ca n cero u s on es. 

c a rc in o g en ic  O f or p erta in in g  to  the  ab iỉity  to ca u se  the  
d ev e lo p m em  o f  cancer.

c a rc in o id  (tu m o r )  A tum or a risin g  from  the n eu ro en d o cr in e  
c e lls  ĩo u n d  th r o u g h o m  the body; the m o st freq u en t 
o rig in  is from  the g astro in testin a l tract or b ro n ch u s. 
M any, but n o t all, release n eu ro h o rm o n a l a g en ts su c h  as 
se ro to n in .

ca rcin om a A n v can cer  thai arises from  th e  e p ìth e liụ m . 
c a r c in o m a to s is  T he p resen ce  o f  w id esp rea d  p eriton ea l 

im p la n ts trom  tum or. 
card ia  T he u p p er part o f  the s to m a ch  ju s l  b e lo w  the

eso p h a g u s.
C a ro li’s  d ise a s e  C o n gen ita l cy stic  d ila ta tio n  o f  the in tra h e-  

p atic  b ile  d u cts. 
carrier 1. A p erson  w h o  is  a h e íe r o z y g o ie  for a m utan i a lle le .

2. T he hurnan or anim al h o s i for a certa in  p a th o g en . 
Cárrier-mediated m em brane transport M echanism  for trans- 

p o rtin g  a su b stra te  that ín v o lv es  a d efm ed  p ro te in  sy sten i  
lo ca ted  at ih e  p lasm a m em b ran e o f  the  ce ll. 

c a se a tin g  gra n u lo m a  An aggregation  o f  gran u lofib rillar  
n ecro tic  m aleria l, and so m e tim e s  e o s in o p h ilic  gran u les. 

ca se -c o n tro l s lu d y  An ep id em io lo g ica l stu d y  d esig n  in w h ic h  
ex p o su r e s  are co m p a red  b etw een  a gro u p  o f in d iv íd u a ls  
w ilh  the d isea se  o( in te res l (ca ses)  and a gro u p  o f  
in d iv id u a ls  w ith o u t the d ịsea se  (C ontrols); a lso  ca lle d  a 
r e ir o sp c c t iv c  s tu d y , s in ce  the ẹx p o su re  in ío n n a t io n  is 
co lle c te d  a íter a d ia g n o sis  has b een  es tab lish ed . 

c a sp a se s  P ro ieases that op erate in a ca sca d e  to in itia te  
p rogram m ed  cell dea lh . 

catabolic palhw ay/signal A neural circuii/input reducìng  
fo o d  intake.

c a te c h o la m in e s  A go u p  o f  p h y sio lo g ic  su b s ia n c e s , m a in ly  
ep in ep h r in e , n o rep in ep h rin e , and d o p a m in e; thev  act as 
n eu rotran sm itters in the ru n ction in g  o f  th e  sy m p a th e tic  
n crv o u s sy stem . 

ca th artic  An ag en t that resu lts in  the p u rg in g  o f  b o w el  
co n ten ts .

c a t io n ic  tr y p s in o g c n  T h e precursor (orm  o f  trypsin  d efin ed
b y  its c a t io n ic  (n e t p o sit iv e )  charge. 

ca u sa lity  a s s e s s m e n l  A n analytical m eth o d  allơvving eva lu a-  
t io n  o f  the re la tio n sh ip  b e tw een  drug a d m ín is tra tio n  and  
the o ccu rre n c e  o f  a liver injury. 

cau tery  A p ro ced u re Lhat d e liv ers heat to  b od y  t issu e  to  
d estro y  it.

c a v c m o u s  h em a n g io m a  A b en ig n  vascu lar  m alfo rm a tio n  
p resen tin g  a s a vascu lar  m ass in  th e  liver. T h ese  m ay  
sh o w  cy s tic  ch aracler istics .

C C K  See CHOLHCYSTOKININ.
C D E  d ie t  C h o lin e -d e íìc ie n t d iet su p p le m e n te d  w ith  e th io -  

n in e; th is d ie t  in d u c es  p a n crea tiú s in  íem ale  m ice . 
ce lia c  d ise a se  An a u to im m u n e  d isord er a ffec ú n g  the sm all 

in testin e; cau sed  b y  abnorm al resp o n ses  to certa in  
gra in s, it lea d s to sm all iiu estin a l m u co sa l dam age and  
n u tr ien t m alabsorp tion . 

ce lia c  sp ru e  (g lu te n -se n s it iv e  e n te r o p a th y ) A m alab sorp tive  
d iso rd er  in  w h ich  there is an a lro p h ic  and in íla m ed  
prox im al sm a ll in te stin a l m u co sa  that u su a lly  im p r o v es  
m o rp h o lo g ica llv  and  c lin ica lly  on  treatm ent w ith  a 
g lu ten -free  d ie t but re lap ses w h en  g lu te n  is  re in tro d u ced .



c e l l  c y c le  T he ser ies o f  four p h ases thai a d iv id in g  or 
p ro lifera lin g  ce ll g o es through. G t is the fìrs: o f  tw o  
g r o w lh  p h ases and is ibe lo n g est  p ortion  o f  the ce ll cvcle , 
s  p h ase  is the period  d u rin g  vvhich a c e i l s  g en e tic  
m ateria l is  rep lica ted , G . is the se co n d  g ro w lh  phase, 
an d  M p h a se  is w h en  a cell d iv id es  in to  tw o  g en etica llỵ  
id en tica l cells .

cen tro a c in a r  c e lls  T erm inal d u ct c e lls  b ord erin g  ihe acinar  
lu m e n  that secrete  b icarb on ate in to  the lu m en . 

cen tro m ere  T h e si te on a ch ro m o so m e that p u lls the  
c h r o m o so m e  tovvard o n e o f  the p o les o f  the sp in d le  
d u rin g  m ito s is  and m eiosis; it is a lso  the p o in l o f  
a tta ch m en t o f  ihe sister  ch rom aú ds. 

cerebra l ed e m a  E xcess ive  extracellu lar w ater in the brain, 
lea d in g  to ìn ereased  intracranial pressure. 

c e r u lo p la s in in  C o p p er-co n ta in in g  seru m  g ly co p ro te in  pro- 
d u ced  m ain ly  in  ihe liver; it b in d s s ix  co p p er a tom s per  
m o le c u le  o f  p ro le in . 

c e s to d e  A parasitic  segn ien ted  lla lw orm  o f  the class  
C esto id ea  in  the ph ylum  P la tyh elm in th es; a lso  k n o w n  
as a tapew orm . 

c e v iin e lin e  A c h o lin erg ic  drug thai s lim u la tes  se cretio n  o f  
m o st e x o c r in e  glancls, in c lu d in g  lacrim al and  salivary  
glan d s.

c h e m ic a l c o d in g  T he particu lar com b in a tio n  o f  n eu ro iran s-  
m itters , n eu ro p ep tid es , and o lh er  n eu ron a l th e m ic a l  
m arkers ch aracteristic  o f  a p arlicu lar c lass o f  neu ron . 

c h e m ic a l sp la n c h n ic e c to m y  C hem ical b lock age o f  ihe ce liac  
n erve p lex u s, p erlorm ed  e ilh er  in traop era live ly  or 
p ercu ta n eo u sly , in order to p a lliate pain  asso c ia ted  w ith  
p an crea tic  aden ocarcin om a. 

c h e m o k in e  A ch em o ta c tic  cy to k in e , i.e ., a se cre ied  p o ly p ep -  
tid e  h o r m o n e  thai p ro m o tes the m igration  o f  c e lls  a lon g  
a c o n c e n lr a ú o n  grad ien t to activate im m u n e resp o n ses  
and  o lh e r  m ech an ism s. 

c h e m o p r e v e n t io n  The use o f  ch em ica l co m p o u n đ s  to  
p rev en t, in h ib it, or reverse ca rc in o g en es is  beíore  dys- 
p la stic  ep ilh e lia l c e lls  invade a cross ih e  b asem en t  
m em b ran e; m ay refer to either n u trition a l or pharm a- 
c e u lic a l agents. 

c h e m o r e c e p to r s  M o lecu les on  sensorv  n eu ron s that recog- 
n ize  sp ec itìc  ch em ica l su b stan ces in the extracellu lar  
m ilieu  and sign al ch an ges in  the con cen tra tio n  o f  the  
sp e c iiìc  su b stan ce. 

c h e m o se n s o r y  sy s te m s  B io log ica l sv stem s that d etect so lu b le  
an d  v o la tile  ch em ìca ls. 

c h c m o th e r a p e u tic s  A c lass o f  a m i-n eo p la stic  drugs u sed  10 
treat leu k em ic  can cers, so lid  Cumor can cers , or other  
can cers.

C h ild -P u g h  c la s s iíìc a tio n  (sc o r e )  A ssign m ent o f  the severitỵ  
o f c irrh o s is  b ased  on  c lin ica l and laboratorv param eters, 
ín c lu d in g  en cep h a lo p a th y , a sc ites , b iliru b in , a lb u m in , 
and p ro throm b in  tim e; in  order ol in creasin g  severitv  o f  
c irrh o s is , c la sses A, B, and c. A lso  u sed  to  pred iet w h ich  
p a tie n is  vvith en d -stage  liver d isease  vvill su rv ive a m ajor 
ab d o m in a l surgery.

c h la m y d o sp o r e  A th ic k -w a lled  iungal sp o re , con sid ered  a 
survival stru ctu re  ìn m ost fungi. 

c h o la n g io c a r c in o m a  A m align an t tran sform ation  o f  ch o lan -  
g io c y te s  tbat carries a p o o r  p rogn osis . 

c h o la n g io c y te s  E p ith e lia l c e lls  that lin e  ih e  b ile  ducts. 

ch o la n g io g ra m  A radiograph o f the ga llb ladd er and b ile  
ducts; m av be p erĩorm ed  in traop erativcly  by either an 
op en  or a la p a ro sc o p ìc  tech n iq u e. 

c h o la n g io g r a p h y  R ad iograp h ic ex a m in a tio n  o f  the bile d u cts  
w ith  a con trast m ed ium . 

ch o la n g itis  ln íla m m a tio n  and  in fe c ú o n  o f  the b ile  cluct and  
biliary  system .

c h o le c y s tc c to m y  R en ioval o f  the g a llh líid d er  eilh er  by
laparoscopic teehnique or open abdominal surgical 
in c isio n .

c h o le c y s t it is  In íla m m a tio n  o f  the ga llb ladd er . 

cholecystokinin (CCK) A peptide hormone produced by 
en d o cr in e  c e lls  o f  the upper sm all in te stin e ; secreted  on  
in g e sú o n  o f  a m eal; the m aịor h o r m o n c  rcsp onsib le  for 
p an crea tic  e n z y m e  se cre tio n  and ga llb la d d er  com raction . 

c h o le c y s to k in in -r e le a s in g  p cp tid e  A try p sin -sen sitiv e  p ep -  
tide w h o sc  p resen ce  in  the lu m en  o f  1 he in testin e  leads to  
the re lease  of c h o le c y s to k in in  from  in teslin a l en tero en -  
d o cr in e  ce lls .

c h o lc c y s io s to m y  D rainage o f  the ga llb ladd er , u su a lly  by  
p ercu ta n eo u s tubc p lacem en t, in  p a tie n is  w ith  ch o le -  
cv stit is  vvho are lo o  u n stab le  to  to lerate a trad iúon al 
c h o le c y s te c to m y . 

ch o le d o c h a l c y s t  A co n g en ita l, cy stic  stru ctu re arising  from  
the b iliary  tree, o ĩ le n  in  a sso c ia lio n  w iih  ab d om in a l pain  
and ja u n d ic e .

c h o le d o c h o c e le  A cy stic  biliary d ila ta tio n  vvithin th e  w all o f  
the d u o d e n u m .  

c h o le d o c h o e n te r o s to m y  Surgical e sta b lish m en t o f  a co m -  
m u n ica tìo n  bet.w een  the c o m m o n  b ile  d u ct and any part 
oi the in testin e . 

c h o lc d o c h o je ju n o s to m y  Surgical p ro ced u re  in w h ich  the  
c o m in o n  bi le d u c t is  c o n n e c le d  to ih e  jẹju n u m . 

c h o le d o c h o lith ia s is  S to n es in  the c o m m o n  bile duct. 
c h o le d o c h o sc o p y  E n d o sco p ic  ex a m in a tio n  o f  the c o m m o n  

b ile  d u ct.
c h o le h e p a ú c  sh u n t  A m ech a n ism  to  ex p la in  h y p erc lio leres is  

(grea lly  in crea sed  b ilc  flow ) resu ltin g  from h ep atic  
se c r e ú o n  o f u n co n ju g a ted  b ile  acids. 

c h o le l i lh ia s is  T h e p resen ce  or ío rm a tio n  o f  g a llston es. 
ch o lera  A d iarrheal d isea se  cau seđ  by [o x ig en ic  stra ins o f  

Vibrio cholerae.
c h o le r e t ic  C a u sín g  an increase in  b ile  flow . A c h o lere tic  

su b sta n ce  vvill s t im u la te  the ío rm a tio n  and se cretio n  o f  
bile.

ch o le r r h e ic  d iarrh ea  D iarrhea resu ltin g  [rom  the p resen ce  o f  
m alab sorb ed  b ile  acids. 

c h o le s ta s is  D ecr ea se  or sto p p a g e  o f  bi le tlovv, tvp ica lly  
associated w ith  incrcased hilirubin, increased bile salts, 
or b o th . E lev a tio n s typ ica llỵ  resu lt in the v isib le  s ig n s  o f  
ịau n d icc .



c h o le s ta t ic  liver  in ju ry  C lin ica l an d  b io lo g ic a ì p atterns  
re ílec tin g  im paiređ  b ile  ílow . T h e  sy n d r o m e  can  be 
iso la ted  (purc c h o ỉe s ta s ỉs )  or a sso c ia ted  w ith  in ílam m a- 
t ion  vch o ỉcsta tic  h e p a tilis ) . 

c h o le s te r o l A stero l th a i is p resen t in  c e ll m em branes. 
C h o leslero l is w liite  ancl in so lu b ìe  in w a ier . It has the 
eh o le s te n e  n u c ìe u s  w iih  a d o u b le  b o n d  at c > — 
n u c lcu s  and  a h v d r o x v  grou p  ơn the  thircl carb on  atom . 

c h o le s te r o l sa lu r a t io n  in d e x  ln  a g iv en  b ile  sa m p le , the raiio  
o f the actu al a ra o u n t o f  c h o le s te r o l to th e  m a x im u m  
ch o les tero l-ca rry in g  cap acity  o f thai sa m p le , d eterm in ed  
in vi/rọ. Bile w ith  a c h o le s ie r o l sa tu ra tio n  in d e x  greater  
than 1 is  con sic ỉered  su p ersa lu rated . 

c h o le s tc r o l su p e r sa tu r a tio n  A State in  w h ic h  the  a m o u n t o f  
ch o les tero l in b ile  e x c e e d s  th e  ch o le s ie ro l-ca rr y in g  
capacity  o f  the b iliarv  lip ids; a p rereq u is ite  for ch o lester-  
ol g a llsto n c  ío rm a ú o n . 

c h o lic  acid  P rim ary b ile  acid; very  co rn m o n  in  m any  
m am m als. C h en iíca lly , ii is  a C 24 b ile  ac id  w ith  h yd roxv l 
grou p s at carb on s 3 , 7 , and  12. 

c h o r e o a th e to s is  A b n orm al m o v e m é n ts  o f  the  b o d y  o f  
co m b in o d  ch o re ic  and  a ih eio ic l pattern . 

c h r o m o e n d o sc o p y  T h e  sp ra y in g  o í a clye th a i can  be seen  
en d o sco p ica lly  an d  ih at m ay h ig h lig h t su r ĩa ce  irregula- 
rities or sp e c iíìc  h is io lo g ic  íeatu res. 

ch ro m o g ra n in  A p ro te in  p resen t in c e llu la r  stora g e  gran u les  
or v es ic le s  c o n ta in in g  b ioa ctiv c  a m in e s  su ch  as h istam in e  
and norcp i n e p h r in e . 

ch ro n ic  a ctiv e  g a str it is  A c o n d itio n  o f  c h r o n ic  in ílam m ation  
o l the gastric m u c o sa  a sso c ia ted  vviih n e u ư o p h ilic  
inliliratỉon.

ch ro n ic  co lo n ic  in ju ry  A c o lo n ic  tn u co sa l d ise a se  character- 
ized  bv a llera tio n s  in  the ce llu la r  c o m p o n e n ts  and  
arch itecture, su g g e s t iv e  oí o n g o in g  in ịu ry . 

ch ro n ic  cliarrhea A d iarrh ea l il ln e ss  o f  grea tér  than  14  days  
duration . C h ro n ic  d iarrhea in  c h ild r e n  can  be d u e  to 
eithet in íe c t io u s  or n o n in fe c t io u s  p r o c e sse s . E valuation  
for a sp eciík ' e ũ o lo g y  is  in d ica ted . M an agem en t o f  
com orb id  c o n d itio n s  su ch  as p o ọ r  g r o w ih  or m alnutri- 
tion  is essen tia l. 

ch ro n ic  in te stin a l p se u d o -o b s tr u c t io n  A sy n d rơ m e d u e  to a 
íailurc o f  in ie stin a l p ro p u lsio n  a n d  ch ara cter ized  by a 
c lin ica l p icture  r esem b lin g  m ech a n ica l o b stru c tio n , in  
the ab sen ce o í any le s io n  o c đ u d in g  the lu m e n  o f  the  gut. 

c h ro n ic  liver  d is e a s e  O n g o in g  in ju ry  to  the  liv er  la stin g  at 
lea s i 6 m o n th s.

c h ro n ic  p a n crea titis  A p ers isten t in A am m atory  d isea se  o f  the 
p ancreas ch ara cter ized  by irreversib le  m o rp h o lo g ica l 
change thai o fte n  ca u se s  p a in  or lo s s  o f  ex o cr in e  
iu n ction  or both . 

c h ro n ic  viral h e p a tit is  In íec tio n  w ith  h e p a tit is  B or h ep atitis  
c  virus lastin g  m o re  than  6  m o n th s. 

ch y lo m ic ro n  T he largesí lip o p ro te in  p a r tic le , c o n ta in in g  a 
C en tral c o rc  o f t r ig ly c e r id e , c h o le s te r o l e ster , a n d  p h o s-  
p h o lip id  su rr o u n d ed  b y  a p h o sp h o lip id  c o a t an d  a p o lip o -  
p roteins. T h is is  th e  particle  secretecỉ by th e  in te stin e  
fo llo \v in g  lip id  ab sorp tio n ; it allovvs ih e  transport o f

tr ig lvcerid e  and ch o les tero l OUI o f the cn tero cy te , in to  the  
lvm p h a tic  c ircu ìa tio n , and  u lũ m a te ly  in to  p lasm a. 

ch y m e  A slurrv o f  partiallv  d ig ested  fo o d s and liq u iđ s that is  
tra n sien d y  presen t in the in te stin e s  fo llo w in g  a m cal. 

c ilia te d  h cp a tic  ío reg u t c y st  A so litary  cy stic  le s io n  ỉin ed  
w ith  c ilia le d , p seu d o-stra tified  co lu m n a r  ep ith e liu in . 

c ircu m v cn tr ic u la r  o rgan s A g rou p  o f  brain areas w h ere  
b lo o d  v e sse ls  are n ot eq u ip p ed  vvith the b lo o d -b ra in  
barrier, th u s a llo w in g  the en trv  o f  sm all p ep tid es  in  to the  
brain.

c ir r h o s is  A d egen era tive  d isea se  o f  the liver that resu lts  in  
đ am age to h ep atic  p aren ch ỵm al c e lls  and d ecrea sed  
b lo o d  fìow  to  the liver; characterized  by the  d e v e lo p m e n t  
o f  íib ro id s and  n od es. 

c is -a c tin g /tra n s-a c tin g  e le m e n ts  F actors that regu la te  g en e  
ex p r e ss io n  in eu k aryotic  ce lls , by the in ie r a c t io n  o f  
sp e c iíìc  p ro te in s (tran s-actin g  e le m e n is )  w ith  sp e c iíic  
sh ort n u c le o tid e  se q u e n c e s  (c is -e le m e n t m o tìís ) , u su a lly  
in the  p rom o ter  reg io n  o f  gen es . 

c la ss  II m ajor h is to c o m p a t ib ility  c o m p le x  H ig h ly  p o ly -  
m o rp h ic  ce ll su ríace  m o le c u le s  p rim arily  ex p ressed  o n  B 
ỉy m p h o c y te s , m a crop h ages, and  d en d ritic  cells; ih ey  are 
ìn v o lv ed  in  p ep tid e  a n tig en  p resen ta tio n  lo  C D 4 + T 
ly m p h o c y ic s  (h e lp er  T c e lls ) , w h ic h  stim u la tes  h u m o ra l 
im m u n ity  an d  m acrop h age activa tion . 

c lo a ca  A c o m m o n  ch an n el for p assage o f  íeca l, urinary, and  
se x u a l m ateria l, tvp ica ỉỉy  se en  in  lo w er  verieb rates . In 
h u m a n s, it d e n o te s  an em b ry o lo g ic  a b n o n n a ỉity  in  w h ic h  
the terminal hindgut íails Lo divide into the recium, 
b lad der, and  gen ita l prim ord iu m . 

co a g u la lio n  T he natural p ro cess  by w h ic h  b ìo o d  c lo ts  to 
red u ce or p reven t b leed in g . 

c o a g u lo p a th y  A n alteration  in  the norm al c lo u in g  m ech a n -  
ism s  o f  b lood .

co b a la m in  T he en tire v itam in  B 12 m o le c u le  e x c e p t  íor  the  
cy an id e m o ie ty , w h ic h  m ay be su b stitu ted  for b y  o th er  
o rgan ic  ligan d s (m eth y l, a d en o sy l)  and  still reta in  íu lỉ 
ac ti vi ty.

c o e lo m  T he b o d y  cav ity  o f  the m am m alian  em b ryo . 

c o g n it iv e  b eh a v io ra l th era p y  T h e th erap eu tic  a p p ro a ch  o f  
a d d in g  to b eh aviora l in te rv en tio n s  (e .g ., r e la x a tio n  and  
b eh av ior  m an agem en t tech n iq u es)  stra teg ies su c h  as 
c o g n it iv e  restructuring; for e x a m p ìe , a therap ist m ay  
eva lư ate  a p a tien t’s co g n itiv e  in terp reta tion  o f  b o d ily  
se n sa tio n s  an d  teach  h o w  co g n it io n  im p acts a ííec tiv e  
e x p e r ie n c e  and behavior. 

c o h o rt s tu d y  A n ep id em io lo g ìca l stu d y  clesign  in  w h ic h  a 
g rou p  o f  ex p o se d  in d iv id u a ls  and a grou p  o f  n o n e x p o se d  
in d ỉv id u a ls  are fo llo w e d  forw ard in tim e 10 co m p are  
in c id e n c e  rates for the d isea se  o f  in terest; a lso  ca lled  a 
p r o sp e c tiv e  s tu d y , s in c e  the ex p o su re  in ío rm a tio n  is  
c o lle c te d  b e ío re  a d ia g n o sis  h as b een  estab lish ed . 

c o ld  isc h e m ia  A tech n iq u e  to s lo w  the m e ia b o lism  o f  an  
organ  in  ord er to red u ce o x y g e n  co n su m p tio n ; u sed  in 
the transplant se tt in g  an d  d u rin g  organ  h a rv estin g  and  
p reservation .



co lifo rm s G ram -n egative  aerob ic rods that are part o f  the 
fam ily Ẽnterobacteriacae and  are foun d  in  norm al b o w e l 
flora.

colitis Anv inílammation of the colon, which can be 
transmural or coníìned to the mucosa, which may be 
acute or ch ro n ic , and w h ic h  m ay reso lv e , re so lv e  and  
recur, or be p ersisten t. C o litis  u su a lly  p resen ts  c lin ica lly  
as b lo o d y  d iarrhea, ah d o m in a l cram p in g , and ten esm u s. 

c o lit is  cy stica  p ro íu n d a  A b en ig n  p a th o lo g ic  co n d itio n  
characterized by mucin-íìlled cysts located deep to the 
m uscu laris m u cosae. 

c o lla g en  Strong, e la stic , íìb ro u s protein ; the fo u n d a tio n  o f  all 
co n n ectiv e  t issu es  in  the body . 

co lla g e n o u s  c o l i t is  A e o n d itio n  o f  ch ro n ic  c o lit is , characLer- 
ized bv ihickening o f the collagen layer bencalh ihe 
surface e p ith e liu m . T yp ica lly  seen  in  m id d le-a g ed  and  
older w o m en  w ith  w atery diarrhea.

Collis gaslroplasly A procedure ihat “lengthens” the 
esop h agu s by tran sío rm in g  a p o rú o n  o f  the u p p er  
stomach into an esophageal extension. 

colonic inotility Paiterned activity of the musculature o f ihe 
co lo n  resp o n sib le  for p ro p u lsio n  and  m ix in g  o ĩ  ih e  
lum inal co n ten ts . 

colonic transit Measurement of thc time it takes for inert 
m arkcrs to p ass th rou gh  the c o lo n  and an o rectu m , 
iradíùonally measured while ihe subject consumes a 
high-fiber diet and uscs no laxatives. 

c o lo n o sc o p e  A [ìber-op tic  íle x ib le  e n d o sc o p e  ihat p erm its  
visual ex a m in a tio n  o f  th e  en tire  co lo n . 

colonoscopy Examinalìon of the colon, rectum, and terininal 
ileum using a ílexible videoendoscope (colonoscope) 
introduced through the anus, usually after preparation of 
the p a tiem  w ith  la x a tiv es to  clear the c o lo n  o f  feces. 

co lo rec ta l a d en o ca rc in o m a  A m align an t n eo p la sm  o f  the 
co lo n  or rectum . 

co lo recta l a d e n o m a  A b en ig n  n eo p la sm  o f  the c o lo n  or 
reclum with malignant potenlial. 

co lo rec ta l p o ly p  A grovvth p ro tru d in g  from  the m ucosa l 
surĩace in to  the b o w e l lu m e n . 

co lu m n a r  e p ith e liu m  A c la ss iíica tio n  o f  e p ith e liu m  co m -  
p o sed  o f  a lyp e o f  c e ll w h o se  h eigh t is  larger than ìts 
width.

commensalism A State of bacterial colonizalion thai results 
in  either n o  d am age or c lin ica lly  inapparent. d am age to 
ih e  host, th o u g h  ít can  e lic it  an im m u n e resp on se . 

c o m m o n  b ilc  d u ct T he d u ct forined  b y  the ju n ctu re  o f  ihe  
cystic  d u ct and  c o m m o n  h ep atic  cìuct, p erm itlin g  ihe  
flow  o f b ile  froin  ih e  liver  and  ga llb ladd er to the sm all 
in testine .

c o m p le x  Iip id  A term  for the m ạjor lip id  p ro d u c is  oi 
in testina l and h ep a tic  lip id  a ssem b ly . T h e m ạjor c la sses  
ol neutral lip id  in c lu d e  tr ig lycerid e  and ch o les tero l ester, 
vvhcreas c o m p le x  polar lip id s  are rep resen ted  by  
p h o sp h o lip id s .

c o tn p u ls io n  A rep etitiv e , s e e m in g ly  in vo lu n ta ry , n o n p rev en -  
table behavior.

co m p u ter -a id ed  d e ie c t io n  The u se  o f so ftw are to a ssess and  
loca te  areas o f  co n cern  in  scann ed  im ages, a lertin g  a 
rad io log ist to  eva lu ate  an  area that m ay represen l a 
p oten tia l les io n . 

co m p u te d  rad iograp h y  A rad iograph ic sy stem  u sin g  com - 
p u ters to cap ture  and  d ig u ize  an im age rather than  print 
it o n  film .

c o m p u te d  to m o g ra p h y  (C T ) A rad ìograp h ic tech n iq u e  
a llo w in g  v isu a liza tio n  by co m p u ie r  reco n stru c tio n  o f  a 
plane or section through the body. Also, computerized 
tomography.

c o n ílu e n l D escrib in g  c e lls  in cu lture at h igh  d e n sily  and in  
con tact w ỉth  One an oth er  so  ihat there are n o  em p ty  
sp aces.

conrormational diseases A group of disorders resulting írom 
g e n e  m u ta tio n s a ffectin g  the p roper fo ld in g  and three- 
d im e n s io n a l  S lru c iu re  o f  in tracellu lar  p ro le in s , le a d in g  
to  ch a n g es in  p ro te in  in teraction s, abnorm al im racellu lar  
a ccu m u la tio n s , a n d  altered  íu n ction . 

c o n íu s io n a l sy n d r o m e  D istu rb ed  orien ta tio n  in regard lo  
Lime, p la ce , or p erso n , so m e ú m e s  accom p a n ied  by 
d isord ered  c o n sc io u sn e ss . 

c o n g e n ita l d iarrh ea  A grou p  o f  d íarrheal illn esses  thát are 
p resen t from  b in h . C on g en ita l d iarrhea can be the resu lt 
o f  e ith er  a sp ec ific  g en etic  d e íec i in a secretory or  
a b so rp iiv e  pathvvay or abnorm al in te slin a l c levelopm ent. 

conjugation In metabolism, the addilion oí a molecule that 
ren d ers a lip o p h ilic  m o lecu le  m o re  h yd rop h ilic  and  
u su a lly  m akes ii  m ore w ater so lu b le . M o lecu les to m -  
m o n ly  u sed  for corỳu g a tio n  in clu d e su lía te , g lu cu ro n ic  
a c id , g lu ta th io n e , g ly c in e , and laurine. 

conscious sedation A level of sedation in vvhich the patient 
is  r e la x e d , c o m fo rta b le , a n d  p e rh a p s  in  a State o f l ig h t 
s le ep . T he p a ú e n t is  easily  arousab le and able to  p ro tect  
h is  or her airw ay. 

c o n st ip a tio n  A sy m p to m  c o m p lex  c o m m o n ly  dt'fined as  
ch aracterized  by d ecreased  b o w el m o v cm e n t treq u en cy , 
d iílĩc u lty  in  in ilia tin g  passage o f  feces , passage o f  fìrm  
or sm a ll-v o lu m e  feces, or a íe e lin g  o f  in co m p le te  
evacu ation .

c o n str ic t iv e  p e r ic a r d it is  F ibrous scarring and n o n co m p li-  
a n ce  o f  the p ericard iu m  thai resu lts  from  eau ses o f  
c h ro n ìc  p erica rd itis , in c lu d ỉn g  tu h er cu lo sis , m a lign an cy , 
01' rad iation .

co n tr a st-e n h a n c e d  c o m p u te d  lo m o g ra p h y  Im ages ob ta in ed  
w ith  in travascu lar and in tralum enal con trast m ateríal. 
T h is is the p reíerred  sc a n n in g  p ro to co l tor m o si ìntra- 
a b d otn in a l p a th o logv . 

c o n tr a st  m ed ia  S u b stan ces u sed  to facilitate  rad iograph ic  
v isu a liza tio n  o f  in ternal stru ctu res o f  the body. 

c o tra n sp o r ter  An lo n  transporter thai carries m o re than  
o n e  ion  in the sa m e d irection  across ihe ou ter  ce ll 
m em brane.

c o u n te rreg u la to r y  h o n n o n e s  T he vario u s h o rm o n es o f  
in ierm ecliary m eta b o lism , in d u d in g  g row th  h o rm o n e , 
catecholam ines, cortisol, and glucagon, thai counter the 
effects o f insu lin  to lower glucose levels.



C o u r v o is ie r ’s  sig n  A n o n ten d er , palpable ga ilb ladd er , o ften  
a sso c ia ted  w ith  a m align an t o b stru c tio n  o f  the c o m m o n  
b ile  duct.

c r e a t in in e -h e ig h l in d e x  A ca lcu la tio n  o f  a 2 4 -h o u r  urinarv  
e x c r e tio n  o f  creatin in e; an in d irect m ea su re  o f  sk e le ta l 
m u scle , w h ich , w h en  related  to h eigh t and gen d er , can  
be u sed  10 estim a te  ihe d egree o f  p ro te in  ca lo r ie  
m alnu trition .

c r ico p h a ry n g eo u s D escr ib in g  striated  in u sc le  a ttach ed  to the 
p osterior  asp ect o f  the lam ina o f  the cr ico id  cartilage; it 
form s the m ajor c o m p o n e n t  o f  the u p p er csop h a g ea l 
sp h in cter.

C rigler-N ạjjar sy n d r o m e  A sy n d ro m e o f  se v ere  u n co rý u -  
gatecl h vp erb iliru b in em ia  thai p resen ts as co n g en ita l 
lam ilial n o n h em o ly tic  ja u n d ice  and  is  re la ted  to a la ck  
o f  ab ility  to c o n ịu g a ie  b iliru b in , as w ell as a b lo ck a g e  
in b iliru b in  e x cre tio n  from  the h ep a to cy te ,

C roh n 's d ise a se  A d isea se  o f  ch ro n ic  in íla m m a tio n , p o te n -  
tially  in v o lv in g  an ỵ  p o rtio n  o f the g a stro in testin a l tract 
bui w ith  a p ro p en sity  for ihe term in a l ileu m . The  
etio lo g y  ol th is d ísease  is  in c o m p le le ly  u n d e r slo o d . 
C roh n ’s d ise a se  ís in c lu d e d  wiLh u lc e ra tiv e  c o li t is  in  th e  
ca iegory  “in llam m atory  b o w el d ise a se .” 

c r o s s-se c tio n a l im a g in g  R ad io lo g ic  s tu d ies  su c h  as co m p u ted  
lo m o g ra p h y  or m agn etic  reso n a n c e  im ag in g , w h ic h  
d isp la y  the re lev a n i an a to m y  as a se r ie s  o f  “s lic e s” from  
w h ich  th r ee-d im en sio n a l re la đ o n sh ip s  can  be in íerred . 

c r y o g lo b u lin e m ia  T h e raost co m m o n  ex tra h ep a tic  m an iíesta -  
tion  o l ch ro n ĩc  h ep a titis  c .  C ry o g lo b u lin s are d e le c te d  in  
lab tests based on  their p recip ita tion  at c o ld  tem peratures; 
sv m p io m a iic  d isea se  is u n c o m m o n  ( le s s  ihan 1% o f  
p atierus) and resu lts from local d e p o s ít io n  o f  im m u n e  
c o m p lex es .

cryosu rg i-ry  An ablative proced u re in  w h ic h  su b zero  liqu id  
n itrogen  is in jected  in to  the h ep a to c e llu la r  can cer , w ith  a 
goal o f  k illin g  the tum or cells . 

crypl of Lieberkũhn A zone of proliĩeration in the small 
imesúne, located underneath the villi. Crypts provide 
the c c lls  thai rep lace the e p ith e liu m  o f  th e  v illi o f  ih e  
sm all in testine .

c u b ilin  A m u ltilu n ctio n a l p rotein  in the ap ica l ( lu m in a l)  
m em brane o f  in testin a l and renal ce lls ; c o m p o se d  o f  
m u ltip le  c lo se iy  related  rep eatin g  u n its , tw o  o f  w h ìch  are 
resp on sib le  for b in d in g  the IF-C bl c o m p le x . 

cyclic GMP An intracellular signaling molecule that is 
produced by ihe cell suríace receptors for guanylin and 
u ro g u a n y lin  in target cells . R esp o n s ib le  for m ed ia tin g  
cellu lar  rcsp o n ses to th ese  p ep tid e  h o rm o n e s. 

c y c lo o x y g c n a s c s  A fam ily  o f  en zy m es, o f  w h ic h  at least tw o  
iso lb rm s ex ist, cv c lo o x y g en a se -1  an d  c y c lo o x y g e n a se -2 . 
T hey a c i on  arach id o n ic  acid  to p ro d u ce  a n u m b er o f  
c o m p o u n d s , in c lu d in g  p rosta g la n d in s an d  th ro m b o x a n e . 

c y c lo s p o r in  A ca lc in eu r in  in h ib itor  that su p p r e sse s  T h e lp er  
cell resp o n ses  to in te r le u k in - l (IL -1 ), th u s  b lo c k in g  the  
iin m u n e resp o n se  Via its  effec l o n  c a lc in eu r in -m ed ia ted  
IL-2 m R N A  tran scrip tion  and p ro d u ctio n ; u sed  to treat 
acute severe  reĩractory u lcera tive  c o lít is .

cy st 1. A c lo se d  c a v ity  or sac lin ed  w ith  ep ith e liu m , 
c o n la in in g  ílu id  or se m iso lid  m ateria l. 2 . an en v iro n -  
m en ta lly  sta b le  form  o f  the life  cy c le  o f  a p ro to zo a n  that 
r cp ro d u ces  a se x u a lly . T h e  cyst has a harđ o u te r  vvall and  
is involved in the transmission of the organism from one 
h o st  to an oth er . 

c y s ta d e n o c a r c in o m a  A m a lig n a n t c y s tic  le s io n  d er iv ed  from  
g la n d u la r  ep ith e liu m . 

c y s ta d e n o m a  A b en ig n  cy stic  le s io n  d erived  írom  glan d ular  
ep ith e liu m .

c y s te c to m y  T h e su rg ica l rem ova l o f  the urinary b ladder. 
c y s tic  d u c t A ga llb la d d er  d u ct that c o n n e c ts  to  the co m tn o n  

b ile  d u ct.
c y to c h r o m e  P 4 5 0  s y s te m  A gro u p  o f  e n z y m e s  tha i con tro l 

the c o n c e n tr a t io n s  o f  m any  e n d o g e n o u s  su b sta n ces  and  
d ru gs, so  n a m eđ  b eca u se  o f  ih e ir  ab sorb an ce m axim u n i 
at 4 5 0  n m  u n d er  lab oratory  c o n d itío n s . T h ese  en zy m es  
are foun d  m a in ly  in  the liver  (h ep a tic  m icro so m a l  
e n z y m e s)  an d  gut. 

c y to k in e s  A large c la ss  o f  re la tiv e ly  lo w -m o lecu la r -w e ig h t  
proteins produced by leukocytes and other cell lypes 
with a broad spectrum of ĩunctional activities, mainly 
r eg u la lin g  in fla m m a to ry  an d  im m u n e  resp o n ses .  

c y to ly t ic  liv e r  in ju ry  C lin ica l and  b io lo g ica l p atterns  
reH ectin g  liv er  ce ll n ecro sis . 

c y to s k e le lo n  T h e in n er  fram ew ork  o f  the ce ll. Ít m a in ta in s  
a n d  ad ap ts ce ll sh a p e , m a k es d ir e c ie d  m igra tio n  p o ss ib le , 
and p r o v id e s  stren g th  and o rg a n iza tio n  for cellu lar  
íunctions.

c y to so l  T h e  ílu id  c o m p o n e n l o f  c y lo p la sm , e x c lu d in g  
o rg a n elles .

c y to to x ic  D escr ib in g  an  a g en l that d estro y s or d a m ages cells. 
c y to lo x in s  P ro te in s p ro đ u ced  by cy to to x ic  T ly m p h o cy tes;  

th ey  p artic ip a te  in  the d estru c tio n  of target ce lls .

d e c o n ju g a tio n  T h e d iss o c ia tio n  o f  the ch em ica l bond
between two chemical compounds. 

d e íìn it iv e  h o s t  T h e h o st  in  w h ic h  a parasite a c h ie v e s  sexual 
m atu rity .

d e g lu tit io n  T h e  p r o c e ss  o f  sw a llo w in g .
D e lo r m e  p r o c e d u r e  A p erin ea l ap p roach  to the repair o f  

recta l p ro c id en tia  in w h ic h  there  is  c ìrcu m íeren tia l 
m ucosectomy followed by longitudinal plication of the 
rectal wall, and mucosal reapproximation. 

dem ílunes Crescent-shaped groups of serous secretory cells 
at the e n d s o f  m u c o u s  en d -p ie c e s . 

d e n e r v a tio n  T h e  act or p ro ced u re  o f  cu ttin g  a nerve. 
d e p r e s s ív e  d iso r d e r  D ep ress io n  a cco m p a n ied  by red u ced  

a cú v ity , red u ced  a p p etite , ch a n g e s  in  s le ep  pattern, 
fe e lin g s  o f  fatigue or lo ss  o f  en erg y , and  íe e lin g s  o f  gu ilt 
or w o r th le ss n e ss . S u ic id a l id ea s o ccu r  in  sev ere  form s. 

derm atom yositis Innammatory myopathy maniíested by 
sy m m etr ic  p ro x im a l m u sc le  vveakness an d  sk ìn  rash, 
o ften  in  a sso c ia t io n  w ith  m a lig n a n cies . 

d er m a to sp a r a x is  A c o n d itio n  o f  sk in  íragility .



d ia b etes k e to a c id o s is  A syn d ro m e c o n s isũ n g  o f  h y p erg ly ce-  
mia, ketosis, and acidemia. 

d ia b ete s  m e llìtu s  A ch ro n ic  m etab olic  d isord er in  w h ic h  
utilizaúon of carbohydrate is impaired and that of lipid 
and protein  is enhan ced ; it is causeđ  by an  a b so lu te  or 
relative deíìciency of insulin and is characterized, in 
more severe cases, by chronic hyperglycemia, glycosuria, 
water and electrolyte loss, ketoacidosis, and coma. 

d ia b etic  n eu rop ath y  A gen er ic  term for any sh ort-term  and  
long-term nerve dysíuncúon in diabetes, characterized 
by gen era lized  s lo w in g  o f  co n d u ctio n  and an in creased  
threshold for excilation in the peripheral and autonomic 
nerves.

d iam in e o x id a se  A n  en zy m e (a lso  k n o w n  as a m in e  o x id a se  
or histaminase) secreted by enterocytes; it plays an 
important role in the breakdown of hislamine and 
polyamines. 

d ia p h o r esis  E xcessive persp iration .
diaphragm The muscular partition that separates ihe abdo- 

men and thorax; a primary muscle used in breathing. 
diarrhea The ĩrequent passage of loose, watery stool. A 

symptom of several gastrointestinal disorders aííeciing 
water and electrolyte Iransport. 

d iarrh eagen ic Escherichia coli A group  of Escherichia coli 
strains that cause diarrhea; two strains are important 
causes of diarrhea in international travelers to iropical 
and sem itrop ica l areas: en tero to x ig e n ic  E. coìi and  
enleroaggregaúve E, coli. 

diathermy Local elevation of temperature vvithin the tissues, 
produced by high-frequency current, ullrasonic vvaves, 
or microwave radiation. 

dielary fats Substances, predominantìy triglycerides, that 
consist of acyl chains or íatty acids ìinked to glycerol 
through ester bonds. 

dietary fiber The portion of plant food thai resists digestíon, 
composed of either insoluble or soluble components. 
lnsoluble fiber retains water vvithin the cellular struc- 
tures, whereas soluble fiber slimulales growth of colonic 
bacteria; botb  action s in crease  fecal m ass.

D ie u la fo y ’s  le s io n  A rare cau se o f  m assive  gastro in testin a l 
bleed ing; resu lts from  a large artery in ab n orm ally  c lo se  
c o n t a c c  w i t h  t h e  l i n i n g  o f  t h e  S l o m a c h  o r  s r n a l l  i n t e s t ì n e .  

differentiation The process of a cell maturing and acquiring 
a particular, speciíìc (unction vvithin the body, usually 
a ccom p an ied  by a lo ss  o f  the ab ilitv  to proliferate. 

d iffu se  e so p h a g ea l sp a sm  D isordered  esop h a g ea l perista lsis;  
diagnosed by manometry; ừequently associated with 
chest pain or dysphagia of unknown origin. 

d igen ca n  H aving tw o hosts.
d ig e stio n  A p rocess in vvhich m gested  n u tr ien ts are b rok en  

dovvn into smaller components lo facilũate their absorp- 
tion by the small intesline. 

d ig estiv e  sy stem  T he c o lle c t iv e  organ  sỵstem  r esp o n s ib le  for  
digestion and absorption. 

d ig ita l í lu o ro sco p y  T he p ro cess o f  cap tur ing  and  tran sm ũ -  
tin g  f lu o ro sc o p v  in ío rm a ú o n  to  a  C o m p u te r  r a th e r  th a n  
intensiíying it and using it to expose (ĩlm.

d ig ita l rectal e x a m in a lio n  The u se  o f  the finger to m an u a lly  
inspeci the anus, anal canal, and lovver rectum for 
p alpable or v isu a l lesion s. 

dimer A molecule niade up of two identical units. 
dipeptidyl peptidase IV A proteolytic énzyme occurring in 

the plasma membranes of many cells, including vascular 
en d o th e lia l c e lls , as w ell as in  a so lu b le  form  in p lasm a. k  
is responsible ỉor rapid inactivation ol the glucagon-like 
peptides 1 and 2. 

d ista l c o lo n  A n a to m ic  su b site  o f  the co lo rectu m  that 
includes the đescending colon, sigmoíd colon, and 
reclosigmoìd colon; may sometimes include the rectum 
as well.

d iv a len t m ctal tran sp orter-1  (D M T 1 ) A p rotein  located  in 
the apical villous suríace of enterocytes: it imporis non- 
transíerrin-bouncl iron from ihe small bovvel lumen to 
the en tero cy le  cy top lasm . 

d iv ersiơ n  c o lit is  A ch aracterisitic  m u c o sa l in llam m ation  thai 
typically occurs whenever the colon is exđuded from the 
intestinal stream and thai subsides when intesúnal 
continuity is restored. 

d iv e r s io n  p r o c t ilis  In tlam m ation  and Ir iabĩlily  of ihe c o lo n ic  
mucosa aíter exclusion of a distal segment of colon from 
the fecal stream . 

d iv e r t ic u la  See DIVERTICULUM.

d iv er ticu la  o f  th e  c o lo n  H ern ia tio n s o i the m u cosa  and  
submucosa though or between tìbers HÍ the mạjor muscle 
layer (muscularis propria) of ihe colon. 

diverticulitis Inílammation of a diverticulum thai may 
undergo perĩoration with abscess formalion. 

d iv e r t ic u lo s is  T h e p resen ce  o f  m n lt ip le  d iv erú cu la  o l ih e  
in te stin e , c o m m o n  in m id d le  age; the le s io n s  are 
acquired pulsion diverticula. 

d iv er ticu lu m  (pỉ. d iv e r tic u la )  A c ircu m scr ib ed  p o u ch  or sac  
of variable size that may occur normally, as in 
embryologic development of the respiratory bud off the 
íoregul, or pathologically, resuhing frotn the hcrniation 
of the lining mucous membrane through a deíect in ihe 
muscular wall of a tubular organ.

D N A  caretak er g e n e  A se q u en ce  o n  a g en e  e n c o d in g  a 
p ro d u cl that n o rm a lly  m ain ta in s the íìd e litv  o f  g e n o m ic  
DNA.

D N A  (ìn g e rp r in lin g  A laborator\- m eth o d  e lab oratin g  a 
battery of molecular biology techniques in order to 
generate a pattern of DNA restriction íragments thai is 
unique to an indivìdual or a microbe. In the latler case, 
o n e  o f  the a im s is m icrob ia l so u r c e  trackíng.

D N A  m ism a tc h  r e p a ừ  A p ro cess in  vvhich certa in  p ro te in s  
recognize and correct errors made bv DNA polvmerase 
during DMA replicaúon.

D o g ie l T yp e I n e u r o n s  E ntcric n eu ro n s vvith m u ltip le  sh o r l 
đ en d r ite s  an d  a sin g le  lo n g  axon .

Dogicl Type II neurons Multipolar enieric neurons with 
sm o o th  ce ll b o d ie s  and m u ltip le  lo n g  and short p r o c e sse s  
in a variety of coníìguraúons.

D o p p ler  F req u en cy  sh iíl  cau sed  b\ b lo o d  flow .



dorsa l root ganglia A series of paired neural ganglia adjacent
1 0  the spinal cord; they contain the neuronal ccll bodies 
oí capsaicin-sensilivc primarv afferent nerves as vvell as 
other aíterem nerves. 

d o rsa l vagal c o m p le x  T he p arasym p ath etic  ccn ter  in the  
brainstem  (m edulla oblongata) vvhere sensorv signals 
from the gut and m otor outflow  to the gut are integrated. 

d ouble-bubble  sign A radiographic appcarance sign iíy ing  
duodenal obsư uction ; it consists o f large air collections  
in the stom ach and in the duodenum , vvithout visualiza- 
tion of gas more distallv in the gastrointestinal tract. 

dou ble  duct sign A radiographic sign seen  on com puted  
tom ography scan or endoscopic retrograde cholangio- 
pancreaiography thai results írom ihe sim uh aneous  
obstrucúon of the com m on bile duct and pancreatic  
duct bv a mass lrom the head ol the pancreas, 

d o w n - r e g u l a t i n g  T h e p ro ccss  o f  r ed u c in g  the level o f  a 
cellular product bv inhibiting ils syn thcsis, degrading it, 
or t ran sp o r t in g  ii GUI o(' the cell. 

d ru g -in d u ced  lu p u s  e r y th e m a lo su s  A d is t in c t  form  o f  lupu.s 
caused bv sustained exposure 1 0  certain drugs (procai- 
nam ide, phenytoin . and isoniazid are the com m onest) 
associaicd w úh the produ túon  o(’anti-h istone antibodies  
and clinically w ith íever, arlhralgia, myalgia, rash, and 
serosit is  and  the a b se n te  oi renal  o r  Central ne rv o u s  
System involvem ent. 

dual-cnergy X-ray absorptiom etry A noninvasive lechn ique  
used to assess body com position , specifically  bone and  
soft tissue.

dualism  A concept, first proposed by Descartes, that 
scp aratcs m ind  an d  b od y . C artesian  d u a lism  (th c  
biom edical m ođel) is the dom inant m odel o f illncss in 
W estern society and is challenged by the contem porary  
biopsychosocial m odel w hich em phasizes the interplay  
of b iological, psychological, and social (actors. 

D u b in :J o h n so n  sy n d r o m e  A co n ju gated  h y p erb iliru b in em ic  
đisorder caused by an inhcrited deficiency of Lhe MRP2 
canalicular transporter. 

d u cl o f Santorini A sm all accessorv pancreatic ducl located  
cephalađ to ihe main paticreaúc duct. 

d u c t  o f  W irsu n g  T he inain  p an creatic  d u ct. 

d u c to p e n ia  Paucitv o f  the b ile d u cts .

d u m p in g  sy n d ro m e A n ab n o rn ia lly  rapid  e m p ly in g  o f  
stom ach contents into the small intestine, associated  
vvilh svm ptom s of d izziness, rapid heart rate, sw eating, 
nausea, and diarrhea occurring m ainly after a meal. 

duodenal Relating to, located in, or involv in g  the duodenum  
(íìrst portion of the sm all intestine). 

d u o d e n a l a tresia  C o n g en ita l c o n d itio n  in w h ich  the  
em bryonic cells lin ing the duodenum  fail to com pletelv  
resorb, resulting in a blockage in  the duodenum  
(stricture).

d u o d e n a l cy to c h r o m e  b (D c y tb )  A íerric red u ctase  fou n d  in 
the brush border membranc o f proxim al intestinal 
enterocvtes. Dcytb converts the poorly absorbed íerric  
lorni of iron (F c5 ") to the ĩerrous form (F e24") ihat 19

iransported in lo  the cells hy divalcnt metal ion 
transporter-].

d u o d c n o -je ju n o s to m y  A surgical p roced u re in w h ich  the 
proxim al duodenum  is attached side-to-side to the 
proxim al jejunum  in order to bvpass an obstructing  
lesion in the mid- to distal duodenum . 

d u o d e n u m  The íĩrst porúon o f  the small intestine, located  
betw een  the stom ach and the jejunum . 

d u p lic a t io n  c y s ts  C on gen ita l in testin a l d u p lic a tio n s  thai can  
be founđ in the walls of the esophagus, stom ach, or 
duodenum .

d y sc h e z ia  D ifficu lty  in  evacu ation  o f  s to o l, in c lu d in g  
strainíng, painful deíecation, and incom plete evacuation. 

d y sg e u s ia  D ifficu ltv  in  tasting.

d y s lip id e m ia  A b n orm alities o f  p lasm a lip o p ro te in s ihat 
include both higher and lower levels of certain 
lipoproteins.

d y sm e n o r r h e a  A co n d itio n  m arked hy p a in íu l m en stru ation . 

d y sp a r e u n ia  DĩfficuLt or p a in íu l se x u a l in tercou rse . 

d ysp ep sia  A general term for various sym ptom s originating  
in the upper gastrointesúnal tract, in đ u d in g  upper 
abdom inal pain /d iscom íort, early satiety, postprandial 
abdom inal bloating/distension , and nausea with or 
w ithou t vom iting. 

d y sp e p t ic  A ffected w ith  dyspepsia .

dysphagia  A sym ptom  in which the patient experiences 
trouble or d ilĩk u lty  in sw allowing. W hen thc sym ptom  
occurs with solids only, il usually reílects a lum en- 
narrowing obstruction and when it occurs w iih  both  
liquids and solids, it usually retlects an oropharyngeal or 
esophageal m otor disorder, 

d y sp la s ia  A c o n ste lta ú o n  o f  h isto lo g ica l ab n orm alities thai 
suggest that one or more clones of cells have acquired  
genetic damage, rendering them neoplastic and predís- 
posed to m alignancy. w h en  seen in a patient w ith a 
chronic Ínílammatory disorder (e.g., Barrett’s esophagus, 
chronic gastritis, ulcerative colitis, Crohn's disease), the 
finding of dysplasia serves as a marker Lhat the patient 
has or is especially apt to develop adenocarcinom a. 

d y sp n e a  D ifficu lt or lab ored  breath ing. 

d y su r ia  P ain íu l u rin ation .

ea r ly  g a str ic  can cer  A  term  for can cer  in v o lv in g  the m ucosa  
or subm ucosa (w ith or w ithout lym ph node involve- 
m ent).

E c h in o c o c c u s  A g en u s o f  tapew orm s, capab le o f cau sin g  
hydatid cỵsts in hum ans. 

e c ta s ia  A rterial d ila tio n  le ss  than 50% o f  e x p ec ted  norm al 
diam eter.

e c to d o m a in  T he ex tracellu lar  p o rtio n  o f  a m o lecu le  that 
spans the plasma membrane. 

e c to p ic  O u t o f  p lace; not in  a proper p o sit ío n . 

ed e m a  T h e a ccu m u la tio n  o í ex cess iv e  w atery ílu id  in  tissu es  
or serous cavities.



e d r o p h o n iu m  A drug that w h en  in ịected  sú m u la tes  contrac- 
tio n  o f  sm o o th  m u sc le s  (e .g ., e sop h agea l sm o o th  
m u sc le ) .

e fferen t D escr ib in g  the n erves that carry im p u lses  aw ay from  
the brain  or sp in a l cord  to the periphery. 

effe r e n t tra ffick in g  T he ou tflo w  o f in ío rm a tio n  to the gut 
from  the brain  and sp inal cord.

E h lers-D a n lo s  sy n d ro m e A h etero g en eo u s group  o f  heritable  
co lla g en  d isord ers characterized  by jo in t h yp erm ob ility  
and in crea sed  sk in  e lasú c ity  and ú ssu e  ừ agility . 

e la s t ic ity  im a g in g  A p rocess in  w h ich  the stiffn ess o f  a tissu e  
u n d er  co m p ress io n  is  turned  in to  an im age. 

e lec tr ica l c o n tr o l a c liv ú y  O n g o ín g  sp o n ta n eo u s ch an ges in  
m em b ra n e  p o ien tia l o f  ihe g a stro in testin a l sm o o th  
m u s c l e  t h a i  C o n t r o l s  t h e  ú m i n g  o f  con traction s. 

e lec tr ica l r e sp o n s e  a c tiv ity  E lectrical a cú v ity  o f  gastro in test-  
inal sm o o th  m u scle  associated  w ith  c o n ư a c tio n s.  

e le c tr ic a l s lo w  w a v es  Phasic e lectrica l a cú v ity  u n d erly in g  
g en era tio n  o f  sp o n ta n eo u s m ech an ica l activ ity . 

e le c tr o c h e m ic a l g rad ien t The d riv in g  force u n d erly in g  the  
m o v e m e n t o i charged  co m p o u n d s (or n o n e lec tro ly te s  
co lra n sp o r ted  w ith  charged  co m p o u n d s) across a 
m en ibrane .

e le c tro g a stro g ra m  T he m voelectrica l sign a l recorcìed w ith  
e lec trogastrograp h y  m eth od s. 

c lec tro g a stro g ra p h y  M eth od s for record in g  and a n a lyzin g  
gastric  m yoelectr ica l activ ity  from  e lec tro d es p o sit io n ed  
on  th e  ab d om en . 

e le c tr o h y d r a u lic  lith o tr ip sy  T he d estru ctio n  o f  ca lcu li 
( s to n e s )  by íragm en ta lio n  u sin g  a sh o ck  w ave sent 
tra n scu ta n eo u sly  vía u lirasou n đ  iransducers. 

e le c tr o ly te s  C harged  io n s, su ch  as so d íu m  and ch lo r id e , that 
are part o f  the io n ic  c o m p o siú o n  o f  b od y  tluids. 

e m b o le c to m y  T h e surgical rem oval o f  an em b olu s . 
e m b o lis m  T h e o b stru ction  or o c c lu s io n  o f  a b lo o d  v esse l,  

ca u sed  b y  a m a ss su c h  as an air bu b b le or clot. 
e m b o lu s  A toreign  b o d y  that o b sư u c ts  the f!ow o f  b lo o d , 

su c h  as air or fat. 

era p y em a  A n  a ccu m u la lio n  o f  p u s in a cav ity  o f  the body; 
ca n  refer to a ccu m u la tio n  ex tern al to or in  the  
ga llb ladd er . 

e m u ls io n s  Large lip id  drop lets.

e n c a p su la te d  o rg a n ism s Bacteria w ith  a vvcll-developed  ce ll  
w all (e .g ., p n eu m o co c cu s). 

e n c e p h a lo p a th y  A ny o f  variou s d isea ses or d egen erative  
c o n d iú o n s  o f  the brain. 

e n c o p r e s is  T he vo lu n tary  or in vo lu n tary  p assage o f  a n orm al 
b o w el m o v em e n t in  the u n d erw ear (or o ther  u n o rth o d o x  
lo c a t io n s ) , after the age o f  4  years, occu rr in g  on  a regular  
b a sis  vvithout any organ ic cause. 

e n d o c r in e  R elaú n g  to the se cre tio n  o f  a h o rm o n e from  a 
gland and transportation of the hormone in the blood- 
sLream to a distant site, vvhere the hormone exerts íts 
action .

e n d o c y to s is  T he p ro cess by w h ic h  a ceĩl m em b ran e folds 
in w a rd  tơ in tern alize su b stan ces.

en d o d erm  O ne o f the three germ  layers form ed  by ihe  
p ro cess o f  gastru lation; this g ives rise to the ep ith e lia l 
l in in g  o f  the gastro in testin a l tract and  its  d eriva tives. 

en d od erm a ! sp e c iíìc a t io n  T he p rocess by w h ic h  the en- 
dod erm  form s; d istin ct from the ecto d erm a l and  
m esod erm al layers o f  the early em bryo. 

e n d o ly tic  b rea th  te s t  A brea lh  test based o n  m etab o listn  o f  a 
su b strate lab e leđ  w ith  iso to p ic  carbon by t issu e  en zv m es. 

e n d o p e p tid a s e  An en zy m e that c leaves p ep tid e  b o n d s  w ith in  
a dietary p rotein  that are ad ịacen t to certain  sp ec ific  
am in o  acids.

en d o p la sm ic  re ticu lu m  (ER ) The m em b ran e n etw o rk  in  
cy lo p la sm  that is  c o m p o se d  o f  lu b u les or cistern ae. Som e  
m em b ran es carry r ib o so m es on  ih e ir  su ríaces (rou gh  
cn d o p la sm ic  re ticu lu m ) w h ereas o th e rs are sm o o th . 

e n d o sc o p e  A m ed ica l in stru m en t used  to e x a m in e  the in sid e  
o f  ih e  sto m a ch  and d u o d en u m ; il c o n s is ts  o f  a th in , lon g , 
íle x ib le  tube that co n ta in s a ligh t and cam era , w h ich  can  
be easily  p assed  th rou gh  the m outh  and in to  the stom ach  
an d  d u o d en u m . A sm a ll, ílex ib le  \v ire lik e  in stru m ent can  
be in serted  through  the en d o sco p e  an d  ou t its  end to 
sam p le  or rem o v e  stom ach  m asses su ch  as p o ly p s. 

e n d o sc o p ic  retrograd e ch o la n g io p a n c rea lico g ra p h y  (ER C P) 
A proced u re in vvhich a fiber-op iic  e n d o sc o p e  is in serted  
in to  the d u o d en u m  an d  d ye is in jected  Via the am p u lla  o f  
Vater to v isu a lize  the biliary and p an creatic  d u c ls . 
C ertain  in te rv en tio n a l p roced u res can  a lso  be perform ed  
d u rin g  ERCP, su ch  as rem oval o f s io n e s , p la cem en t o f  
s ten is , an d  tissu e  sam p lin g . 

e n d o sc o p ic  u ltr a so n o g ra p h y  (c n d o sc o p ic  u ltr a so u n d , en- 
d o so n o g r a p h y )  A p roced u re u tiliz in g  an c n d o sc o p e  w ith  
an u ltrasou n d  prob e in o u n ted  on  the tip . T h is  a llo w s  the  
p h ysic ìa n  to se e  b ev o n d  the en d o sco p k ' im age prov ided  
b y  S t a n d a r d  e n d o s c o p e s .  l l  is p a r t i c u l a r l v  u s e f u l  f o r  

can cer staging.

e n d o sc o p y  V isual in sp ec tio n  o f  any ca v ilv  o f  ih e  b od y  by  
m ean s o f  an en d o sco p e . 

en d -sta g e  liv e r  d ise a s e  S ign s and sy m p to m s o f  a p a tien t vvho 
has d eco m p en sa ted  c irrh osis, e .g ., a sc ile s , en cep h a lo -  
pathy, and esop h a g ea l variceal b leed in g .

Entamoeba dispar A m o rp h o lo g ica lly  id en tica l c o m m e n sa l o f  
Entamoeba histolytica ihat is n o l a ssocia ted  w ith  d isease , 
but m ay lead to in correct d iag n o ses of am eb ia sis . 

Eníamoebci lĩistolytica  T h e intestinal p ro to zo a n  parasite  that 
cau ses am eb iasis. 

en tera l By w ay o f  the gastro in testina l tract. 

c n lera l ío rm u la  A n u trition  p rod u ct d e liv ered  Via lu b e in lo  
the sto m a ch  or in te stin es. U sually , the form u la  ís 
sy n ih e s iz e d  co m m e rc ia lly  from  íìxed  in g red ien ts . Rarely, 
the ĩorm u la  m av c o n s is t  o f b len d erized  food . 

e n lcra l n u lr iú o n  ( íe e d in g )  The p rov isio n  o f  n u tr itio n  and  
n u trien ts d irectly  by tube in to  the g a stro in tesũ n a l tract, 
b y p a ssin g  n orm al ea tin g  m ech an ism s. 

e n ter ic -co a ted  D escrib in g  oral m ed ica tion  ih a l is  co a ted  or 
cn cap su la ted  to avo id  acid dam age in the sto m a ch  but 
d isso lv e  in ih c  in le stin e .



e n tc r ic  n erv o u s sy s te m  T h e n erve ce ỉl b o d ies  and their  
p ro cesses  ihai are ío u n d  in the w a ll o f  the g a stro in tesi-  
inal iraci and that act to  in ílu e n c c  m otor activ ity  and  
o th cr  im p o rta n t gu t íu n c tio n s . A largely  a u io n o m o u s  
sysie in  so m e tim e s  reíerred  to as the “brain in  the gut."  

e n te r it is  In íec tio n  w ith  sm all in te stin e  sy m p to m s su ch  as 
nausea, b lo a tin g , and  ab d o m in a l pa in , b u i vvithout 
s ig m r id o sc o p ic  ch a n g es;  can fo llo w  in g e stio n  o f  m ateriál 
con tam ỉn ated  w ith  feces. 

e n te r it is  n e c r o tic a n s  A  se v ere  n e c r o ti2Ìng d isea se  o f  í he 
sm all in te s lin e , a sso c ia ted  vvith h igh  m oria litv , causccl by  
Clostridium per/ringens type C; se e  a lso  p igb el. 

en tcro ch ro m a fíin  or e ĩite r o c h r o in a ffin -lik e  c e l ls  (E C L  c e lls )  
S p ec ia liied  n e u r o e n d o c r in e  c e lls  in  the  gastric  ep ith e -  
líum  th a i con tro l ih e  p erip h era l regu ỉa tio n  o f  acid  
se creũ o n  by  r e lea s in g  h ista m in e  as a paracrine stim u lan t. 

en tc r o c h r o m a ííìn -lik e  c e l l  ca rc in o id  A tu m or o f  gastric  ECL  
c e lls  that u su a llv  d o e s  n o t m eta sta s ize , but can  in íìltrate  
in to  d eep er  layers o f  the  gastric vvall. 

e n te r o c ly s is  A lyp e o f  rad io g ra p h ic  ex a m in a tio n  o f  the sm alỉ 
bow el.

en tc r o c y te s  M aiure a b so rp tiv e  c e lls  that lin e  the v illi o f  the  
sm all in te stin c . T h e se  tall and  co lu m n a r  c e lls  are h igh ly  
d iííercn tia tcd  to  ful.fill a b so rp iiv e  and secreto ry  func~ 
tions; th ey  a lso  ỉorm  a barrier aga in st p en e ira tio n  o í 
bactcria and d ietary  a n tig e n s  in to  the m u cosa . 

e n te r o c n d o c r in e  c e ll  A sp e c ia liz e d  ep ith c lia l ce ll d iíĩu se ly  
d istr ih u led  ih ro u g h o u t the g u l e p ith e lie u m  ihat relcases  
h o rm o n c aíter e x p o su r e  to  lu m in a l c o n te n ts  and  o ih e r  
stiin u ì i.

en tero |»asiron c A h o rm o n a l su b sta n cc  released  in resp on se
10 thc p rescn ce  o í  in te s t in a l ĩats; it ca u se s  p h y s io lo g ic a l  
in h ib itio n  o f  gastr ic  a c id  secre tio n . 

e n te r o h e p a tic  c ir c u la t io n  T h e m o v e m e n t o f  b ile  from  the  
g allb ỉadd er to the  sm a ll in te s t in e  an d  from  the sm all 
in iestin e  to thí' h ep a tic  portal v e in , then  on  to the liver, 
vvherc it is again  se c r e te d  for storage in  the ga llb ladd er . 

cT ầ te ro k in ase  T he e n z y m e  presen t o n  the brush  b o rd cr o f  
sm all ỉn te stin a l en te r o c y te s  that c lea v es  try p sin o g en , 
p ro d u cin g  trypsin . 

e n tero p a th y  A d isea se  o f  the  sm all in te stin e . 
e n ie r o p a th y -a sso c ia te d  T -ce ll ly m p h o m a  (E A T L ) A c lin i-  

cally  a ggressive  tu m o r  ty p ica lly  se en  in  p a tie n ts  vvith a 
lon g  h istory  o f  c e lia c  d isea se . 

e m e r o to x in  A b acteria l to x in  th a t ex er ts  its  e ffect by  
stim u la ù n g  n e t ílu id  se cre tio n  by  in te stin a l ep ith e lia l 
ce lls , w ith o u t d a m a g in g  the ce lls ; con tra sts  w ith  o th er  
types o f  bacterial to x in s , su c h  as cy to sk e le ta l-a h er in g  
to x in s , c y to to x in s , an d  to x in s  w ith  im m u n e- o r  nerve-  
stim u la tin g  activ ity . 

ep id erm al grovvih ía c to r  (E G F ) A p ep tid c  that is  trop ic for 
the grcnvth o f  e p ith e lia l c e lls  in the  g a stro in testin a l 
m u  cò sa and e lsew h ere . 

ep id u ra l a n e s th e s ia  A te c h n iq u e  in  w h ich  loca l a n esth c tic s  
are placecỉ in the sp a ce  a ro u n d  the sp in a l corcl and its 
protective  m cm b ra n e , b lo c k in g  n erve tran sm iss ion . 

ep ig a str ic  L ocaied  in  the  C en tra l u p p er  ab d o m en .

e p ig e n e t ic  D escr ib in g  a g c n o m ic  cocỉe o th e r  than the  b ase  
pair co d e  o f  the  D N A  se q u en ce . T h e e p ig e n e t ic  co d e  
c o n s is ts  o f  D N A  m eth y la tio n  and  h isto n e  m o d iíìc a tio n s . 
e .g ., CpG  D N A  m eth y la tion . 

e p isc le r it is  In íla m m a tio n  o f  the  sc lera  o f  the ey e , so m e t im e s  
o ccu rr in g  in p a tien ts  w ith  active u lcera tiv e  co lit is . 

e p ith e lia l R elating to  or c o m p o se d  o f  ep ith e liu m .  

e p ith e lia l c e ll b a la n ce  T he p h y sio lo g ica l p ro cess  that 
C o n tro ls  th e  b i n h  a n d  d e a th  ra te s  o f  c e lls  to  m a in ta in  
the m o rp h o lo g y  an d  íu n ctio n  o f  ep ith e lia  in o rg a n s o f  
the boclv.

e p ith e lia l p o la r itv  T h e  property  o f  ep ith e lia l c e ll  a sym m etrv . 
E p iíh elia l r e lls  s it  at the in teríace  b e tw e e n  tw o com p a rt-  
m en ts  an d  the c e lls  have d ifferent su rĩace  and ce llu la r  
íea tu res a lo n g  an  im agin ary  a x is  d raw n  hetvveen th e  tvvo 
com p a rtm en is.

ep ith e liu m  (pỉ. e p ith e lia )  T h e ce llu lar  c o v e r in g  o f  the  
ex tern a l and  in ternaì organ s o f  Lhe bod y . 

cr g o n o m ic s  D esig n  oí en v iro n m en t or e q u ip m en t re la ted  10 
natural b od y  p o s it io n  and p h y sica l c o m ío r i.  

e r g o n o v in e  A d ru g  that co n str ic ts  b lo o d  v e s se ls , u sed  in  
p ro v o ca liv e  tests for se n s itiv ìty  o f  sm a ller  b ỉoocl v e sse ls  
in the hcart lo  ca u se  ch est pain . 

e r o s io n  A sh a llo w  u lcer  or o th er  d e íec t  c o n íin e d  to  the  
m u c o sa l layer.

cry th em a  n o d o su m  A cỉisorder ch a racterized  by ten d cr  red  
b u m p s, u su a lly  ío u n d  on  the íront o f  ih e  low er leg ; m ay  
o ccu r  in p a ù e n ts  w ith  active  u lcera tiv e  co litis . 

e so p h a g e a l s tr ic tu r e  A n arrow in g  o f  th e  eso p h a g éa l lu  m en. 

e so p h a g e a l v a r ic c s  D ila ted  b lo o d  v e sse ls  a ro u n d  the  
esop h a g u s.

eso p h a g ea l w eb  A m em b ran e o b stru ctin g  the eso p h a g ea l  
lu m en .

e s o p h a g e c to m y  R em ova l o f  the esop h a g u s. 

e s o p h a g o g a s tr o d u o d e n o sc o p y  E n d o sco p ic  e x a m in a tio n  o f  
the e so p h a g u s , s to m a c h , and d u o d en u m . 

eso p h a g o je ju n o s to in y  Surgical crea tion  o f  an artiíìc ia l 
p assage b e tw een  the e so p h a g u s and je ju n u m ; th e  p assage  
is u sed  to  reco n stru c t the in testina l tract fo llo w in g  a total 
gastrectom y.

e s o p h a g o s c o p y  In sp ec tio n  o f  the in terior  o f  ih e  d ig estiv e  
tract c o n n e c t in g  the m o u th  and s to m a ch  w ith  an  
en d o sc o p e .

e s tim a te d  e n erg y  req u irem en t T h e n u tr it io n a l req u irem en t  
for en erg y  for in d iv id u a ls  o f  norm al vveight w ith  b o d y  
m ass in d ic e s  o f  b etw een  18 .5  and  25  for adults. 

ex c h a n g e r  A n io n  iran sp orter that tran sp orts io n s  in o p p o s ite  
d irec tio n s  a cro ss  the ce ll m em b ran e. 

ex c r e to r y  d u c ts  Largc d u cts  in  the  sa livary  g la n d s ru n n in g  in  
the in ier lob u lar  co ĩin e c tiv e  tissu e  and  c o n v e v in g  saliva  
to  the m ou th .

e x c y s ta t io n  T he e in erg en ce  o f  tro p h o z o ite s  from  cysts . 

ex o c r in e  p an crea s T h e p o r tio n  o f  the p an creas that 
sy n th e s iz e s  and se cretes the c o m p o n e n ts  o f  p an creatic  
ju ice . T he ju ic e  co n ta in s  d ig estiv e  en z y m e s , w ater, and  
bícarb on ate . T h e  p an creatic  acinar an d  d u cta l c e lls



co n st itu te  the ce llu lar  c o m p o n e n ts  o f  the ex o cr in e  
p an creas.

e x o c y to s is  T h e p rocess by w h ich  m em b ra n e-en đ o sed  
in tr a ce llu la r  v e s ic le s  fuse w ith  ih e  p lasm a m em brane  
and th e n  o p en  and release ih eir  c o n te n ts  to the  
ex tra ce llu la r  space . 

e x o p e p t id a s e  An en zy m e thai rem oves a s in g le  am ino  acid  
from  the ca rb o x y l-tem iin a l o f  a dietary p ep tid e  or 
p ro ie in .

e x te m a l a n a l sp h in c te r  R ings o f  sk ele ta l m u sc le  that 
su rr o u n đ  ih e  đ istal rectu m  and anal canal; resp ond  to 
v o lit io n a l co m m a n đ s to m ain ta in  c o n ú n e n c e  w h en  feces  
have n io v ed  in to  the rectum . 

e x lr a c e llu la r  m a tr ix  (E C M ) A co m p lex  array o f  m acrom o-  
le c u le s  se r v in g  as the su p p ort or sc a fío ld in g  for ce lls , and  
a lso  r eg u la tin g  ce llu lar  íu n ctio n s  10 so n ie  degree. 

e x tr a c o lo n ic  P ertain ing to areas o u ls id e  ih e  co lo n  itseir. 
e x tr a in tc s t in a l m a n ife s la tio n s  A term  for areas w ilh  d ìsease  

in v o lv e m e n i o u ts id e  o f the im estin a l tracl in p a iien ts  
w ith  C r o h n s  d isease . T h ey  can  a ffec l any organ, 
m u c o sa l, o r  ep ith e lia l surface.

fa lse  a n e u r y sm  (p se u d o a n e u r y sm ) A type of an eu rysm  ihal 
in v o lv e s  a d isru p tio n  o f  ih e  arterìal w all w ith  con ta in -  
m en t by su rr o u n d in g  tissu e  or hem atom a. 

ĩamilial adenomatous polyposis (FAP) An inherilcd syn- 
d ro m e in  w h ich  ih o u sa n d s o f  p o lyp s d ev e lo p  in the 
c o lo n , as w ell as in  the sto m a ch  and u p p er in testín ẹ  
(d u o d e n u m ). B ony tum ors, k n o w n  as o steo m á s, and  
oth e r  so ft  lissu e  lu in o rs can  a lso  o ccu r  (G a rd n ers  
varian t).

fam ilia l p o ly p o s is  co li  A gen era l n eo p la stic  d isord er o f  ihe  
in te s t in e , p resen tin g  m ost co m m o n ly  as m ultip le  p o ly p s  
i n  t h e  c o l o n .

F a n c o n i’s  sy n d r o m e  A d isord er o f  the p rox im al k id nev  
tu b u les  ch aracterized  by urinary ex cre tio n  o f  large  
a m o u n ts  o f  a m in o  acid s, g lu co se , and p h o sp h a te  d esp ite  
n o rm a l b lo o d  lev e ls  o f  these  m o lecu les. 

fec.alith A sm a ll hard  m ass o f  feces.
fcca l-ora l tr a n sm iss io n  T he a cq u is ilio n  o f  an in te c tio n  by  

in g e stio n  o f  fecallv  co n ta m in a ied  m aterial that co n ta in s  
the ín íe c t io u s  agent. 

fed  m o to r  p a ttern  T he stereo ty p ic  con tra ctile  patlern  that 
in itia te s  so o n  aíter a ca loric  m eal and that is resp on sìb le  
for m ix in g  and p rop u lsio n  o f  food  res id u e  for e fíĩc ien t  
d ig e s lio n  an d  ab sorp tion . 

íe n e s tr a t io n  A n o p e n in g  in the surface o f  a stru ctu re , as in  a 
m em b ran e.

íerr it in  A rnainly cy to so lic  m o lecu le  that b in d s e x cess  iron , 
in b oth  en tero cy tes and the liver. P erritin  c o m p lex es  
have the cap acitv  to b in d  ap p ro x im a te ly  4 5 0 0  iron  
m o le c u le s .

ferro p o rtin  1 A  p ro le in  loca ted  on the b asolateral surface o f  
v illo u s  en terocy tes; it lu n c tio n s  as an exp orter  o f  iron  
from  the en terocy te  10 the p lasm a; a m utation  in  
íerrop ortin  1 is  a ssoc ia ted  w ith  an a u tosom al d om in a n t

form  o f  iron  overload  in hered itary h e m o ch ro m a to sis
type 4. 

fiber See DIETARY F1BER.
fibrin-ring granulom a A tissue mass w ith a Central cavity 

su rrou n d ed  by a rìn g  o f  Rbrin and e p ilh e lo id  m acro- 
phages.

íib ro b la st g ro w th  íacto rs (F G F s) P ro te in s ex p ressed  by the  
cardiac m esod erm ; ex tracellu lar  s ig n a ls  for in d u c in g  
liver p rogen ito r  cells . 

fib ro lam ellar  h e p a to c e llu la r  carc in o m a  A tum or Lhal is 
co n sid er ed  a h isto lo g ica l variant o f  h ep a ioce llu la r  
carc in o m a , but w ith  d ist in c tìv e  h is io lo g ic a l and c lin ica l 
ĩeatures.

fib rom yalg ia  A d isordcr o f  pain  and len clern ess o f  m u sc le  
and ad ịacen t connecL ive tissu e . A lso  knovvn as f ib ro sitis  
and R b rom yositis. 

fib r o sis  T h e en d  resu lt o í an in[lam m atorv  resp o n se  o f  an 
orgán  or tissu e  to an írrita tion  or in ịu ry , re su h in g  in  scar  
form ation .

lì lo p o d ia  N arrow  sp ik e -lik e  e x te n s io n s  o f  cell borders in 
c e lls  that are n o t n ecessa r ily  m igrating. 

íis su r e  A pain íu l sp lit in  the m u c o u s m em b ran e o f  ihc anus. 

íìs tu la  An ab n orm al passage or co n n ec tio n  b etw een  tw o or 
m ore ep ith e lia l- lin e d  organ s 01' b e tw cen  an cp ith c lia l- 
lin ed  organ  and the su ría ce  o f  thc bodv.

Ila tu len ce T he p assage o f  c o lo n ic  gas Irom  the rectum . 

í la v in o id  A c o llec tiv e  term  for a varie iy  o f  p o ly cy c lic  
c o m p o u n d s  thai are p resen t in  vegetab les, e sp ec ia lly  
so y  p rod u cts . M any o f  the m o le c u le s  have an iiestro g en  
p rop erties ( ih e se  are term ed  "phytoestrogens"). 

H u oroscopy  E xam in ation  bv m ea n s o f a ( lu o r o sco p e , vvhich  
is an X-ray d ev ice  u se d  for e x a m in in g  d eep  p o rtio n s o f  
ih e  b ody.

foca l a d h e s io n s  C o n cen tra ted  p atch es o f  stress Rbers, 
a ssoc ia ted  p ro te in s, and  in ieg r in  receptors on  the p lasm a  
m em b ran e by vvhich in teg r in s attach 10 ih c  ex tracellu lar  
m atrix.

fo o d -b o rn e  i l ln e s s  (d is c a sc )  A ny o f  variou s d isea ses, u su a lly  
eith er  in íe c t io u s  or to x ic  in nature, cau sed  bv agen ts thai 
en ler  the b od y  th rou gh  the ỉn gestion  o f  food. 

food -b o rn c  p a th o g en  A ra icroorgan ism  thai con tara in a les  
food  in ten d ed  for h u m an  co n su m p tio n ; C.ampylobacLcr, 
Salmonella, and Shigclla are ihc m ost íreq u cn tly  im - 
plicated  bacteria  in v o lv ed  in  foođ -b orn e illn esses-  

fo o d  in to lerarice  An ab n orm al p h v sio lo g ic  resp on se  to an 
in gested  food  or food  add itive; in lo lera n ce  has not b een  
p rọ v ed  to  be im m u n o lo g ic  in nature and ialls u n d er the  
u m b rella  term , ad verse  food  reaction . 

ĩo rk h ea d -re la ted  p r o te in s  A fam i!v o f tran scrip lion  ĩactors  
stru ctu ra lly  sim ilar  to  the product o f  thc Drơsophila 
ịorkhead g en e . A lso  knovvn as "\vinged hclix" ĩactors  
b eca u se  o f  Lheir ìh ree -d n n e n s io n a l structure. ìn  m ìce  
and h u m a n s, ih e  ía m ilv  lias m u ltip lc  m em bers. il is  n o w  
sy stem a tica lly  knovvn as [he F o x  fam ilv. 

fo v eo la e  An o p e n in g  o f  ih e  gastric unit in to  the lu m en  o f  the 
stom ach .



ír c e  rad ica l 1. A n u n ch arged  a tom  or g rou p  o f  a io m s h avin g  
at least o n e  u n p aired  e lec tro n , vvhich m akes it h igh ly  
reactive. 2 . An organ ìc  c o m p o u n d  h a v in g  so m e  u n p a ired  
v a ỉen ce  e lectron s; a norm al b y -p ro d u ct o f  o x id a lio n  
reaction s in m etab o lism . 

fu lm in a n t liver  ía ilu re  A cu te  h ep a tit is  o ccu rr in g  w ith in  2 —8  
w e e k s  o í  the o n se t  o f  illn e ss  in  th e  a b sen ce  o f  p reex is tin g  
l iv er  d isea se , co m p lic a ted  by  h ep a tic  en cep h ạ lo p a th y , 
m a ssiv e  h ep a ú c  n ecro sis , and  a p ro lo n g ed  p ro th ro m b in  
tim e.

íunctional Affecting íunction but not Slructure; in some 
cases, ilvis refers to  the a b sen ce  o f  a sp e c iíic  d isea se  en tity  
a lth o u g h  the  re is  a sy m p to m . 

íu n c tỉo n a l a b d o m in a l p a in  T he m o st c o m m o n  cau se  o f  
recurren i abcỉom inal p a in  in ch ild ren  (u n k n o w n  etio l-  
o g y ); n o  s p e đ í ìc  S lru c tu ra l , in íe c t io u s , in í la m m a io ry , o r  
b io ch em ic a l ca u se  for the ab d o m in a l pain  can  be  
determ inecL

íunctionaỉ dyspepsia Dyspeptic symptoms wiLh no deíỉnable 
o rgan ic  cause; d ia g n o sis  is  b a sed  o n  n egative  íin d in g s  
afier eva lu ation  o f  m ed ica l h isto ry , p h ysica l ex am in a-  
tio n , bloocl tests, and u p p er e n d o sc o p y .  

íu n c tio n a Ị  g a str o ìn te stin a l d ise a se  (d iso r d e r )  A c o lle c t io n  o f  
p ersisten t or recu rren t g a stro in tes lin a l sy m p to m s thai 
arc present in  the  a b sen ce  o f  an y  ob servab le  o rgan ic  or 
p h ysica l ab n órm alities; sy m p to m s in c lu d e  ab d om in a l 
pain , b loatin g , early  sa tiety , a n d  u rg en cy  o f  d e íeca tio n .  

lu n d o p lic a t io n  A su rg ica l p ro ced u re  for the treatm en t o f  
gastroesop liagea ì re ílu x  d isea se  that in v o lv es  stren g th en -  
in g  the  lo w er  esophage-al sp h in c te r  by w ra p p in g  the  
s lo m a c h  íu n d u s arou n d  it, 

íu n d u s  T h e p rox im al p o rtio n  o f  th e  sto m a ch . 
ĩu n g is ta tic  a n tiíu n g a l A d ru g  that in h ib its  fungal g r o w ih  but 

cloes n o i kill íungi. 
íu n g ito x ic  a n tiíu n g a l A d ru g  tha i k ills  fungi. 
fu s ifo n n  S p ind le-sh ap ed .

g a d o lin iu m  ch e la te  A magneLic r e so n a n c e  im a g in g  in trave-  
n o u s  contrast agen t c o n s is t in g  o f  a c o m p le x  o f  an organ ic  
ỉig a n d  and a lan th an id e m etal. 

gallbladder An organ of the biliary System ihat serves the 
íu n c tio n s  o f  s to r in g  and co n c e n tr a tin g  b ile . W h en  the  
gallb ladd er is st im u la ted , su ch  as fo llo w in g  a m ea l, its  
c o n ie n ts  are em p tied  in  to the  b iliary  sy stem  and  
su b seq u en tly  flow  in to  the gu t to  en h a n ce  the d ig estiv e  
p ro cess. H ow ever, m an y  a n im a ls  lack  ga llb ladd ers and  
h u m a n s usually  have n o  sy m p to m s aíter rem oval o f  the  
gallb ladder.

g a lls to n e  p a n crea titis  ln íla m m a tio n  d u e  to a g a llsto n e  
o b stru cũ n g  pancreatic  o m flo w . 

g a lls to n e s  C o n cre tio n s íorm ed  in th e  b iliary  tract; c o m p o se d  
o f  m o le c u le s  that are in so lu b le  in  w ater, u su a lly  
ch o les tero l a n d /o r  ca lc iu m  b ilứ u b in a te . 

gam m a catnera A d ev ice  cap ab le  o f  d e te c tin g  an d  lo c a liz in g  
gam m a rays, ío rm in g  an im a g e  o f  the u n d er ly in g  
rad iop h arm aceu tica l d istr ib u tio n  w ith in  a p atien t. M ost

gam nia  cam eras are cap ab le o f  p r o d u c in g  b o th  p lanar  
an d  to m o g ra p h ic  im ages. 

ga n g lia  C lu sters o f  n erve cé ll b o d ie s  o u ts id e  the  Central 
n erv o u s sy stem . 

g a strec to m y  A surgical p roced u re in  w h ic h  part ( i .e ., a 
wpartia lM g a strec to m y ) or all ( i .e ., a “to ta r  g a strec to m y )  
o f  the  sto m a ch  is  rem oved . 

g a str ic  P erta in in g  to , a ffec tin g , or o r ig in a tin g  in the s to m a ch . 

g a str ic  a c c o m m o d a tio n  R elaxation  o f  the p rox im al sto m a ch  
to “a c c o m in o d a te ” food  w ith o u t a m ạịor in crease  in  
in tragastric pressure. 

g a str ic  b y p a ss  A n op era tive  p roced u re  p er ío rm ed  for  the  
treatm en t o f  m o rb id  ob esity ; th e  sto m a c h  is  d iv id ecl 
p ro x im a llv  in  to a sm all gastric  p o u ch , w h ic h  is  d ra in ed  
in to  a R ou x-en -Y  je ju n a l lim b. 

g a str ic  d y sr h y th m ia  A b n orm al gastric m y o e lec ir ica l rh ythm  
(e .g ., tach ygastria ). 

g a str ic  e m p ty in g  T h e p ro cess  by  vvhich in g e s ie d  m ater ia l is 
p a ssed  in  a c o n tro lled  fash ion  in to  the d u o d e n u m , w h ere
il  u n d e r g o e s  íurther m ix in g  an d  p ro p u ls io n . 

g a s tr ic  e so p h ag ea l re ílu x  d ise ase  See GASTROESƠPHAGEAL 
REPLUX D1.SF.ASF..

g a slr ic  H + ,K 1 -A T P ase An A T P -h y d ro ly z in g  e n z y m e  resp o n -  
sib le  for ca ta ly z in g  the e x ch a n g e  o f  lu m e n a l K ' for  
cy to p la sm ic  H + by  parieta l c e lls , b r in g in g  ab ou t gasir ic  
Lumenal a c id ifiea tio n . 

g a str ic  m eta p la s ia  M u cu s-ty p e  gastric  c e ll g ro w th  that 
rep la ces the norm al v illo u s  su r ía ce  o f  the d u o d e n a l  
m u cosa .

g a str ic  o u tle t  o b str u c t io n  N ea r-co m p le te  or c o m p le te  
b lo ck a g e  o f  the p y lo r ic  ch a n n e l c o n n e c t in g  the sto m a c h  
to  the  duode.nu.rn, m a n iíe s tin g  as early  sa tie ty  an d  
v o m itin g  o f  u n d ig ested  ío o d  in a d u lts  and  p ro jec tile , 
n o n b ilio u s  v o m itin g  in  ch ild ren . 

g a str ic  p o ly p  A b ẹ n ig n  or m alìg n a n t le s io n  in the sto m a ch  
that is e leva ted  a b o v e  the su rr o u n d in g  gastric  m u co sa . 

g a str ic  tach y a rrh y th m ia  A b n orm al d y srh y th m ic  gastr ic  
activ ity  that o c c u r s  at a íreq u en cy  o f  4 —9  c y c le s  per  
m in u te  and that is  o ften  a cco m p a n ied  b y  rep o rts o f  
nausea.

g a str ic  v a r ic e s  D ila ted  gastric  v e in s  that o c c u r  as a resu lt o f  
portal h y p erten sio n ; m ay a lso  o ccu r  as a resu lt o f  sp le n ic  
v e in  th rom b osis . 

g a str ic  v o lv u lu s  A c o n d itio n  in w h ic h  the sto m a ch  tw ists  
u p o n  itse ir

ga str in  A g a stro in testin a l p o ly p ep tid e  b o r m o n e  p ro d u ced  by  
G c e lls  o f  the gastr ic  antrum ; it  s t im u la tes  gastr ic  acid  
se cre tio n .

g a str in o m a  A n eu ro en d o cr in e  lu m o r fo u n d  m a in ly  in  the  
w a ll o f  th e  d u o d e n u m  and in the p ancreas; se cre tes  
ex c e ss iv e  a m o u n ts  o f  gastrin . 

g a str in -re lea sin g  p e p tid e  A 2 7 -a m in o -a c id  m a m m a lia n  p ep -  
tid e  that is  c lo s e ly  related  to b o m b e s in  and that vvas 
iso la ted  from  p o rc in e  stom ach . 

gastritis An in íla m m ạ to ry  c o n d itio n  o f  the s to m a ch , a cu te  or  
ch ro n ic , that is so m e tim e s  d u e  to an  in íe c t io u s  p a th o g en .



g a s tr o c o lic  r e íle x  A ch an ge in the m o ú lity  o f  the large  
in te stin e  fo llo w in g  in g estio n  o f  a m eal, 

g a s tr o d u o d e n o s to m y  A type o f  gastro en tero sto m y  in w h ich  a 
p o r tio n  o f  the sto m a ch  is  c o n n e c te d  to the d u o d en u m . 

g a s tr o e n te r it is  A d iarrheal p rocess that a ííec ts  the u p p er  
g a stro in testin a l tract and p resen ts m o st typ ica lly  as an 
acu te  w atery  diarrhea. G astroen teritis u su a lly  d en o te s  an 
acu te  d iarrhea that is  in íe c ú o u s  and se lf-lim itin g . 

g a str o e n te r o s to m y  T he surgical creation  o f  an a n iíĩc ia l  
p assa g e  b e tw een  ih e  sto m a ch  and any parl o f  the sm all 
in te s t in e  (e .g ., the d u o d en u m  or je ju n u m ). 

g a str o e so p h a g e a l re ílu x  T he backílovv o f  a c id ic  stom ach  
co n te n ts  im o  the esop h agu s. 

g a str o e so p h a g c a l re ílu x  d ise a se  (G E R D ) A ctin ica l syn -  
d ro m e that in c lu d es  a variety o f  sy m p to m s and tissu e  
in ju ry  assoc ia ted  w ith  abnorm al ex p o su re  o f  ihe  
e so p h a g u s  to regu rg ita ied  gastric (s io m a ch ) co n ten is . 
Long-term complications of GERD can consist ol erosion 
u lcers , str ictu re , B arreU s m etap lasia , an d  esop h agea l 
ad en o ca rc in o m a . In ch ild ren , gaslroeso p h a g ea l rellux  
d ise a se  is  a s ig n iíica n t en tity  in  the d ifferentia l d iag n o sis  
o f  p y lo r ic  sten o sis . 

g a s tr o in tc s t in a l m o tility  T he p ro cess o f  co n lra c lio n  o f  the 
g a stro in le s tin a l vvall thai resu lts in m o v em e n t o f  íood  
and se c r e lio n s  a lo n g  the len gth  o f  the gastro in testin a l 
tract.

g a str o in te s t in a l sp h in c te r  A rin g  o f  c ircu lar m u sc le  thai 
c o n tra c ts  co n tin u o u s ly  and  c lo ses  the lu m e n  o f  ihe  
a lim en ta ry  canal. 

g a s tr o in te s t in a l stro m a l tu m o rs M esen ch ym al n eo p la sm s  
that can  be found  th r o u g h o u t the d ig estiv e  tract. 

g a str o in te s t in a l tract A c o lle c tiv e  term  Cor ih e  p orú o n  o f  the 
b o d y  co m p r is in g  the p h aryn x , eso p h a g u s , s to m a ch , 
sm a ll bovvel, c o lo n , and rectum . 

g a str o in te s t in a l tract con tra st e x a m in a tio n  R adiographic  
ex a m in a tio n  o f  ihe gastro in testin a l tract u tiliz in g  a radio- 
o p a q u e  su b sta n ce  to íac ilita te  v isu a liza tio n  o f  p o r tio n s o f  
the ga stro in testin a l ư act. 

g a str o je ju n o s to m y  T h e su rg ica l creation  o f  an artiRcial 
p assa g e  b e tw een  the sto m a ch  and the jeju n u m . 

g a str o p a r e s is  A ch ro n ic  c o n d itio n  characterized  by d elayed  
em p ty in g  o f  the sto m a ch  (in  the ab sen ce o f  an 
o b str u c đ o n ) , resu ltin g  in  gastric re ten lio n  o f  itigested  
m ateria l; m av b e  id io p a th ic  or d u e  10 drugs or an 
u n d er ly in g  c o n d itio n , su ch  as d iab etes m ellitu s. 

g a str o p a th y  A d isord er ol the sto m a ch  thai in c lu d es  gastritis  
an d  o th e r  n on in flam m atory  co n d itio n s . 

g a str o p la sty  A surgical p roced u re in vvhich the sto m a ch  is 
resh a p ed , recon figu red , or reconsLructed vvith su tu res or 
su rg ica l stap les. 

g a str o s to m y  An artiíic ial o p en in g  in the stom ach  vvall, 
u su a lly  created  by su rg ica i m eans. 

g a s tr o s to m y  tub e A ílex ib le , rubberlike tube that ìs in serted  
th rou gh  a g a siro sto m v  in to  the stom ach . 

g c m c ita b in e  A ch em o th er a p e u iic  a gen t and p o ten t radio- 
se n s it iz e r  thai has recen tly  been  added  to the n iu lti-

m od a lity  treatm ent regim en  for pan creatic  
ad en ocarcin om a. 

g en e  p ro m o ter  A n o n c o d in g  D N A  se q u en ce  o f  a gen e  at 
w h ich  RNA p o lvm erase  an d  tran scrip tion  íactors b ind  
and regu late transcrip tion . 

g e n e t ic  c o u n se lo r  A p rofessiona l w ith  m aster’s-lev e l train ing  
in m ed ica l g en etic s , co u n se lin g , and  the p sý ch o so c ia B  
legal issu es assoc ia ted  w ith  in h er iled  d ísord ers and  
g en etic  testin g .

g e n e ú c  h e te r o g e n e ily  A co n d itio n  in  \vh ich  several d ifferent  
m u ta tio n s in  ih e  sam e gen e are fo u n d  in  a gen etic  
disorder.

g e n e t ic  p o ly m o r p h ìsm  A variant in ihe g e n e tic  m aterial that 
c o d e s  for a sp ec itìc  b io lo g ica l p ro te in  (su ch  as for a 
n eu ro ch em ica l rcceptor o n  the su ríace  oT n eu ro n s). 

g e n e tic  te s t in g  An an alysis o f  c h r o m o so n ie s , gen cs , a n d /n r  
gen e p ro d u cts (e .g ., p ro te in s or en zv m es) to d eterm in e  
vvhether a g en etic  a lteraú on  rela ied  lo  a sp ec itic  d isease  
or c o n d itio n  is  p resen t in  an in d iv id u a l. 

g e n o m ic  in sta b ility  L oss o f  (ìd e lily  o f  D N A  in  ce lls , resu ltin g  
in  ch a n g es to the g en o m ic  D N A  cod e. 

g e n o iy p e  T he g en etic  c o n st ilu tio n  o f  an in d iv id u al. 
geo p h a g ia  T he p raclice  or habit o l ea lin g  clay  or earth. 
G E R D  See GASTROESOPHAGEAL REPLUX DIStASE. 
germ -lin e  m u ta ú o n s  G en etic  a ltera lio n s that occu r in the  

ce lls  thai are o f  d irect d esc cn i, from  the z y g o le  to 
gatneie; these  are transm itted  to progeny. 

gia m  m ig ra tin g  c o n tr a c t io n  A larg e-a m p litu d e , lon g- dura- 
tion , lu m c n -o c c lu d in g  con tra ctio n  that rap id ly  propa- 
gates over lo n g  d ista n ces. Il cau ses m ass m o v em e n t and  
p rod u ces d e sc e n d in g  in h ih itio n  o f  co n tra ctio n s and  
relaxation  o f  to n e  to facilitate rapid p ro p u lsio n . 

G ib b s-D o n n a n  e q u ilib r iu m  D istr ib u lio n  o f  a n io n s and  
ca tio n s w h en  an im perm eab le  a n ion  is  p resen i on  One 
sìd e  o f  the m em brane. E lectrostatic  e ffects lead  to 
en r ich m en t o f  d iva len t ca tio n s on  the sid e o f  the  
im perm eab le a n ion . In b ile, th is  re su lls  in  ih e  co n c e n -  
tration (a ctiv ity ) o ĩ  C a2+ ion s b e in g  h ig h er  in ga llb ladd er  
bile  than in  p lasm a.

G ilb er l's  sy n d r o m e  G en eú c  p o ly m o r p h ism  resu llin g  in  
im paired  b iliru b in  con ju gation . 

g lia d in  T he a lc o h o l-so lu b le  p ro te in  ĩraction  o f  g lu ten . 
G lis s o n ’s c a p su le  T he external cap su le  o f  the liver. 
g lo b u s  The se n sa tio n  o f  a lu m p  01' so m e  o b je ct or m a ss stu ck  

in  the throat, t ig h tn ess o f  the throai, or in ab ilitv  to 
sw a llo w .

g lo m c r u lo n e p h r it is  ln flam m ation  ol the rcnal g lo m eru lu s  
often  d u e to in ie c lìo u s  or im m u n e d isord ers; red  b lood  
ce lls , and  red an d  w h ú e  b lo o d  cell ca s is  c o m m o n lv  seen  
on  u rin a lysis .

g lo t lis  T he o p en in g  in the larynx through  vvhich e x ch a n g e  o f  
air o ccu rs b e tw een  the m o iu h  and lu n gs. 

g lu ca g o n  A h o rm o n e p rod u ced  bv a lpha c e lls  in lỉic  is le ts  o f  
Langerhans; acts to e leva te  b lood  g lu cơ se . 

g lu c o n e o g e n e s is  T he ĩorm ation  o f n e w  g lu c o se  from  
n o n c a rb o h v d ra te  s u b s tra te s , in c lu d in g  v a r io u s  a m in o  
acid s, lac ia te , pyruvate , and g lveero l.



g lu ta th io n e  A tr ip ep tid e  c o n s is lin g  of g lu la m it  acid , 
cy s te in e , and g ly c in e . T he su líh y d rv l grou p  on  ihc  
cy s te in e  is u sed  for c o n ịu g a tio n  o f  a n u m b er o l organ ic  
a n io n s , esp e c ia llv  th o se  c o n ta in in g  h a lo g en  groups. 

g lu te n  T h e  w a ter -in so lu b le  p ro te in -r ich  res id u e  rem a in in g  
afler vvheal starch  h as b e e n  ex tracted  from  ih e  d ou gh  
m ade from  w h ea t tlour; ca n  be resp o n s ib le  for dam age o f  
the sm all in te stin e  in c e lia c  d isease . 

g ty co g en  A c o m p le x , h v d rated  p o ly m e r  o f  g lu c o se  w ìth  a 
verv large m o lecu la r  \v e ig h t (ra n g in g  over  sẹvera l m illio n  
D a llo n s) , c o n s is ù n g  o f  m an v  g lu c o se  m o le c u le s  jo in e d  
to g e th er  to fo n n  a c o m p a c t, h ig h ly  branched  sp h erica l 
stru ctu re  w ith  a large n u m b er  o f  ex n o se d  term inal 
g lu c o se  m o le c u le s  that are a ccess ib le  Lo the en zy m es  
involvecl in g ly c o g e n  b rea k d o w n  (g lv c o g e n o ly s is ) . 

g ly co g cn  su>rage d is e a s e s  (g ly c o g e n o se s )  A nv o f  variou s  
in h er ite d  d isea ses  ca u se d  by a b n o rm a lities  o f  the en zy m es  
thai regu la te  g ly c o g e n  sy n th e s is  and  degradation . 

g ly c o g e n o iy s is  T h e  in tr a ce llu la r  breakdovvn o f  g ly co g en  to 
g lu c o se .

g ly c o ly s is  T he se q u e n tia l e n sy m a tic  co n v ers io n  o f  g lu c o se  10 
la c tic  acicl.

g lycosid ic  linkage A covalent Chemical bond betw een the 
m o n o sa cch a r id e  u n its  o f d isa cc h a r id es , o lig o sa cc h a r id es , 
and  p o ly sa cc h a r id es lo rm ed  by the rem ova l o f  a 
m o le c u le  o f  w ater. 

g o b le t  c e l l s  M u c u s-sy n lh e s iz in g  an d  se c r e lin g  c e lls  foun d  in  
thc e p ú h đ iu m  o f  p a n crea tic  d u cts .

(lO lgi c o m p le x  T h e  co m p a rtm en t o f  the ce.ll resp o n sib le  for 
tn a iu ra lion  o f  lip o p r o te in  p a rtic les  prior to their secre-  
tion  in to  the p lasm a ,

G -protein  A h e tero tr im eric  g u a n in e  n u c le o t id e -b ín d in g  
prole.il .

G -p r o te in -co u p le d  r e c c p lo r s  (G P C R s) A íam ily  o f  cell 
surCace recep tor  p ro te in s  c o n s is t in g  o f  se v en  tran sm em -  
brane reg ion s. T h e ỉn tr a ce llu la r  reg ion  in tera cts  w ith  
g u a n o sin e  tr ip h o sp h a te -b in d in g  p ro te in s Lhat, on  ligan d  
b in d in g . tra n sd u ce  s ig n a ls  w ith in  the ce ll. lea d in g  to a 
ce llu la r  resp o n se  (e .g ., s e c r e t ìo n , m o tílity , and  g row th ). 

g ra c ilis  m u s c le  A m u sc le  lo ca ted  o n  the in n er  asp ec t o f  the 
ihigh: it m ay be cu t at its  d ista l en d  and transposed  
arou n d  the anal can a l to  su b s litu le  for a dam aged  or 
d en crvated  ex tern a l anal sp h in c ter . The Iransposed  
in u sc ie  is o ften  e lec tr ica lly  sú m u la ted  lo  m ain ta in  a 
S tate  o f  c o n ira c t io n . 

g ram -n egative  A ch a ra cter istic  o f  b acteria  that do  n o t retain  
the v .o le t  s la in  u sed  in  G ram ’s  m eth o d  an d  thereíore  
a p p ear p ink  in stea d  o f  b lu e  a fter b e in g  sta in ed . 

granu lar cell tu m o rs G en era lly  b en ig n  gro w th s that are 
d er iv ed  from  sm o o th  nruscle  o r  Schvvann cells . 

g ra n u lo m a  F oca l n o d u la r  a c c u m u la tio n  o f  h is t io c y te s  in 
tissue

grovvth fa cto rs A c la ss  o f  p r o te in s , u su a lly  secreted  from  
ce lls , ihat e x e r l the ir  b io lo g ic a l ac ti vi ty b y  b in d in g  to 
h igh -a ffin itv , c e ll  su r ía c e  re c e p io r s  at lo w  co n cen tra -  
úons; n io st g ro w th  íactors have d iverse  b io lo g ica l

a c tiv ities  in c lu d in g  actio n s in d ep en d e n t o l ce ll gro w th
regulation.

g u a n y lin /u ro g u a n y lin  Sm all p ep tid e  h o rm o n e s p ro d u ccd  in 
the  in le s lin e , vvhere ih ey  acl lo ca lly  to regu late in te stin a l 
íu n c lio n s , in c lu d in g  the se cretio n  o l e le c tr o ly te s  and  
(lu id  in to  the in testin a l lu m en . 

g u sta to ry  R elaú n g to taste.

gu t m a n o m etry  T he ev a lu a tio n  o f  gut m o tilitv  by tneasu rin g  
in tra lu m in a l pressures. 

g u l to n e  T o n ic , i e ., su sta in ed , m u scu lar  c o n tra c tio n  o f  ihc  
g iu  w all.

g y n e c o m a siia  T he ex c e ss iv e  d ev e lo p m en t o f  the m ale  
m am m ary g lands.

h a lito s is  Bad breath; ab n orm ally  fou l or ĩetid  breath . 

h am artom a M ature bu t d iso rg a n ized  n orm al tissu e  in d ig en -  
o u s  to  the s ile  o l orig in . 

h a m a rto m a to u s p o ly p  A b en ig n  p o lỵ p  that a rises from  the  
overgrow th  o f  so m e  c o n siitu e n t o f  the lam in a  propria, 
su b m u co sa , or m u scu lar  tissu e . Som e c o n d it io n s  w iih  
h am artom atou s p o ly p s havt- a m alignant p r e d isp o s itio n . 

H am m an s ig n  A tnediastin a l cru n ch in g  so u n d  w ith  hearl- 
beat.

h ap to co rr in  A co b a la m in -b in d in g  g ly co p ro te in  o f  unknovvn  
íu n c tio n  p ro d u ced  by the salivary g la n d s, S lom ach , and  
o th er  íoregu l ú ssu e s  of m am m als. 

h ea lth -re la tcd  q u a lity  o f  life  A term  for ihe im p a ct thai 
illn ess  has on  qualit\' o f  life , in c lu d in g  ih e  in d iv id u a ỉ's  
p ercep tio n  o f  h is or her illn ess. 

h eartb u rn  A sp ec ific  syn ip io tn  o f  g a stroesop h agea l re ílu x  
d isea se , typ ica lly  n ian iíestecl bv  a b u rn in g  se n sa tio n  in 
ih c  upper ab d o m en , b eh in d  ihe ch est, and as h ig h  as [he 
throat.

h e lica l c o m p u te d  to m o g ra p h y  (C T ) CT te c h n o lo g y  ih a l 
acq u ires a v o lu m e  o f  data rather than a cq u ir in g  clata s lic e  
bv s lic e  as in o ld er  tech n o lo g y .

Helicobacter pylori A gram -n egativc  u rca se -p ro d u c in g  
b acteriu m  that ca u ses an active  ch ro n ic  gastr itis an d  is  
an im portant ec io log ica l ĩactor in  the d e v e lo p m e n t o f  
gastric and  d u o d en a l u lcers.

HELLP syndromc A triad of hemolysis, elevaled liver tests, 
and  io w  p la te le t co u n t in the ih ird  ir im ester  o f  
pregnancy.

h e lm in th  A genera l term  íor a parasitic w orm . 

h e m a g g lu tin in  T he viral p ro te in  that b in d s to ery th ro cy tes. 

h em a n g io m a  A vascu lar tum or that can  be ío u n d  in the sm a ll
in te stin e  and co lon ; co n sid er ed  the se c o n d  m o st  
co m tn o n  vascu lar le s io n  o f  the c o lo n  (after a n g io d y sp la -  
sia ). H em a n g io m a s can be classiR ed in  to tw o d istin ct  
tvpes, cap illary  h em a n g io m a s and ca v ern o u s h em a n g io -  
m as. T h ey  can  b eco m e very targe and p resen t w ú h  
gastro in testin a l b leed in g . 

h e m a te m e s is  T h e v o m itin g  o f  b lood ; in d ica tes  an up p er  
gastro in testin a l site  ot b leed in g .



h e m a to c h e z ia  T he p assage o f  b righ i recl or w in e -co lo red  
sto o l, u su a lly  rep resen lin ị; b leed in g  (rom the lo w er  
gastro ín tesú n a l tract, o ften  the co lo n . 

h e m a to c h r o m a to s is  A d iso rd er  o f  iron m etab olism  char- 
acterized  by ihe e x c e ss iv e  ab so rp tio n  o f  ingested  iron . 

h em a to cr it T h e  p ercem a g e  o i the b lood  sam p le v o lu m e  
o c c u p ie d  by cells. 

h e m a to g e n o u s  sp rea d  D issem in a tiơ n  vía the c ircu lation . 
h e m a to p o ie s is  C reation  o f  ih e  form ed e len ien is  o f  the b lo o d  

(e .g ., red co r p u sc le s ) . 
h ein e T he o x y g en -ca rry in g  p o rtio n  o f  h em oglob in . 
h e m o b ìlia  B lood  in  the b ile  d u c ts , vvhich then passes in to  the  

d u o d e n u m  and is  e ith er  v o m ile d  or passed per rectum . 
h e m o c h r o m a to s is  An in h erú ed  d isease  in w h ich  ex c e ss iv e  

a ccu m u la tio n  o f  iron  can  affect ih e liver, heart, 
pan creas, and  sk in . C o m p lic a tio n s  o f  liver in v o lv em e n t  
in c lư d e  e irrh o sis  and h ep ato ce llu la r  carđ n om a. 

h e m o ly s is  T h e d estru c tio n  o f  rcd b lood  ce lls  w k h  c o n -  
co m ita n t re lease o f  h em o g lo b in . 

h e m o ly tic  u rem ic  sy n d r o m c  A seq u ela  ot Escheiichia coli 
O I5 7 :H 7  co lit is . T h is lo x in -m ed ia te d  m icroan g iop ath y  
resu lts in a triađ o f  h e m o ly ú c  anem ia , th r om b ocytop e-  
nia, and  renal ía ilu re . T he occu rren ce  o f ihe sy n d ro m e is 
gen era lly  lin iited  to ch ild ren  u n d er 10 years o f  age. 

h em orrh age T h e  lo ss  o f  b lo o d  from  blood  v esse ls . 
h em o rrh o id s  V a rico sities  o f  the cxternal hem orrhoídal v e in s  

that m ay resu h  in  a p a in íiil sw e llin g  at the anus and have  
a p ro p en sily  for b leed in g . 

h c m o sta s is  T he arrest or c o n lr o l ol b leed ing. 
h ep a tic  R elatin g  to or in v o lv in g  the liver. 

h ep a lic  artery  c h e m o e m b o liz a t io n  Ắ blalive tlierapy in w h ich  
the b lo o d  su p p ly  o f  a tu m or is se lcctive ly  d ecreased  by 
em b o liz a tio n  to ca u se  tu m o r ce ll death. In a d d itio n  to 
d ecrea sin g  thc b lo o d  su p p lv , a ch cm oth erap eu tic  ag em  
can b e  ap p lied  d irectly  lo  ih e  lum or. 

h ep a tic  c ir r h o s is  See CIRRHOSIS
h ep a tic  c n c e p h a lo p a th y  A liercd  m ental status in a patient 

w ith  en d -sta g e  liv er  d isea se , ranging from  m ild  co n fu -  
s io n  to com a; s te m s from  the faci that in a cirrh otic  liver, 
the c e lls  have b een  rep laccd  w ith  scar tìssu e and are no  
lo n g er  ab le  LO reraove to x in s  from  the b lood . 

h e p a lic  h y d r o th o r a x  P leural e lĩu s io n  (m ore ihan 5 0 0  m l) in 
p a lien ts  w ith  c irrh o s is , in  the a b sen ce o f ca rd io p u lm o n -  
ary or su b d iap h ragm atic  patholoíỊy. 

h ep a lic  v e n o u s  p r e ssu r e  gra d ien t T he gradú-nt betvveen the 
w e đ g e d , or o c c lu d e d , h ep a tic  v cn o u s p ressu re and free 
h ep a tic  v e n o u s  pressure; p rov id es a reliab lẹ m easu re- 
m en t o f  portal p ressu re. 

h e p a ú c o je ju n o sto m y  A su rg ica l p rocedure in vvhich ih e  
co m m o n  h ep a tic  d u ct is co n n eciec l 10 the ịe ịu n u tn . 

h e p a tit is  ln íla in m a iio n  o f  the  liver. T h e próỄess m ay be actìie  
or c h r o n ic  a cco rd in g  to the lev e l tìl ex p o su re  LO the 
d a m a g in g  agent. 

h e p a tit is  B v iru s  A D N A  v iru s ih at in íects h u m an s and is  
Lransmitted by b lo o d , se x , or c h ildbirth. S om e ch ron ica llv  
in íe c ie d  p a ú en ts can p ro g ress 10 đ rrh o sis  and h ep a io ce l-  
lu lar carcin om a.

h e p a tit is  c  v iru s  An RNA viru s thai in ĩects  h u m a n s and is  
ư a n sm itted  p rim arily  through  b lood . M ost p a tien ts  
b eco m e ch ro n ica lly  in fected  an d  so n ie  w ill d ev e lo p  
cirrh osis and h ep a to c e llu la r  carcinoina. 

h e p a lit is  D v iru s  A subviral h um an p ath ogen  req u irin g  
h elp er íu n c tio n s  o f  the h ep atitis B v irus to rep lica te  and  
in d u ce  d isease . 

h ep a to c e llu la r  ca rcin om a (h ep a to m a ) Liver cancer. 

h e p a to c y te s  Ind iv idual ce lls  c o n st ilu ú n g  the iiver. 

h ep a to ịu g u la r  rc ílu x  S u sta in ed  in crease  in  ju g u la r  v e n o u s  
pressure e lic ile d  bv com p ress io n  o f  ih e a b d o m en  in  
patients w ith  righ i heart íailure. 

h e p a lo lith ia s is  (O rien ta l c h o la n g io h e p a tiú s )  A ch ro n ic  
d isease ch a racier ized  b y  the fo n n a tio n  o f  prim ary  
ìn trahepatic  p ig m e n ted  sto n es and se q u ela e  tha i in c lu d e  
recurrem  ch o la n g ìú s , strictu res o f  the in trah ep atic  h ile  
d u cts, h ep atic  a b scessesi porial vein  ih r o m b ó s is , ch o-  
lan g icarcin om a, and so m etim e s se co n d a r y  b iliary cir- 
rh osis w ith  h ep a lic  íailure. 

h ep a to m eg a ly  ln crease  in the size  o f  the liver. In (.'hildren, 
norm a! síze  varies w ith  age. 

h ep a to ren a l sy n d ro m e D ev e lo p m en l o í k id n e y  failure in 
p a lien ts w ith  acute or ch ro n ic  liver íailure in the a b sen ce  
o f  any o thcr  k n o w n  ca u se  o f  renal d isease . 

h c p a to to x ic i ty  T h e  íac t o r  c o n d i t io n  C)f lo x ic  d a m a g e  to  th e  
livcr.

h e p c id in  A sm all p ro ie ĩn  p rod u ced  bỵ  h ep a lo cy tes; m ay be  
iht- so lu b le  iro n  s to re s  r e g u la to r  th a t  C o n tro ls  iro n  
ab sorp tion  in im e s lin a l crypt ce lls . 

h ep h a cstin  A p ro te in  located  on  llie basolateral su r ía ce  o f  
v illo u s cn terocytes; tu n ctio n s as a íerro x id a se , co n v er l-  
in g  ícrrous (I ;e 2+) to ferric ( l :e 3+) iron , fac ilita tin g  its  
iransíer acro ss the basolateral m em b ran e o(’ the em er-  
o c y ie  to the p lasm a. 

h ercd ita ry  T rạnsferred vía g en es from  parent to ch ild . 

h ercd itary  can cer  sy n d ro m e A co llec tio n  o f  c lin ica l ĩeatu res, 
in c lu d in g  can cers, a iư ib u ta b le  to an a liera ú o n  in  a s in g le  
g e n e  Lhat c a n  b e  p a s sc d  íro rn  Ị ia re n ls  to  th e ir  c h i ld r c n . 

h ered ita ry  h e m o c h r o m a to s is  A d isord er ol iron  m eta b o lism  
in w h ich  a lĩected  in d iv id u a ls  absorb an ex c e ss iv e  
am ou n t of iron  that a ccu m u la le s in in tern al o rg a n s and  
m ay ev en tu a lly  in teríere w ith  ce llu lar  lu n ctio n .  

h ered ita ry  h e m o ir h a g ic  tc la n g ic c la s ia  (O sler-W eb er-R en d u  
d ise a se )  a d isord er w ilh  au tosom al d o m in a n l in h er ita n ce  
o f  vascưlar n ia lĩorm ation s in  m u llip le  organ  sy stem s, 
in c lu d in g  the lu n gs, brain , ancl g a stro in testin a l traci. 

h ered ita ry  n o n p o ly p o s is  co lo rec ta l ca n cer  An a u to so m a l  
d o m in a n i c o n d ú io n  in  w h ich  there is an in crea sed  risk  o f  
d cv e lo p in g  co lo rec ia l cancer, as w ell as ovarian , rcnal, 
p an crea iic , and en d om elria l cancers. 

h ered ila ry  p a n crea titis  A n  au tosom ai d o in in u n t d ise a se  that 
a c c o u m s for 1% o f  ca ses  o f  b oth  ch ro n ic  and  recurrent 
pancreatitis; gen etic  m u ta lio n s have heen  id e n iiíìe d  in 
ca tio n ic  iry p sin o g en  for m atiy p a iien is . 

h e te r o z y g o tc  An in d iv id u a l w ith  tw o d ifferent a lle le s  a.t a 
sp ec ilĩc  lo c u s .



h ia ta l h ern ia  P rotru sion  o f  part o f  the s to m a c h , u su a lly  the  
card ia , in to  the th o ra c ic  cav ity  through  the eso p h a g ea l 
o p e n in g  o f  the cliaphragm . 

h ig h -a m p liíu d c  p rop a g a tin g  c o n tr a c t io n s  C o lo n ic  co n ira c -  
t io n s  that p rod u ce n iass m o v e m e n ts  w h e n  p resen t in  the 
transverse and a sc e n d in g  c o lo n  and  d e íe c a t io n  vvhen 
p resen t in the d e sc e n d in g  or s ig m o id  c o lo n .  

h ig h -d e n s ity  lip o p r o te in s  (H D L s) C lạss o í seru m  lip o p ro -  
teins; lik e  o ther lip o p r o te in s , their  co re  c o n s is ts  o í 
n eutral lipici su rro u n d ed  by  an e n v e lo p e  o f  p o lar  lip id  
and  sp e c iíìc  p ro te in s ca lled  a p o p ro te in s . H ig h -d en s ity  
l ip o p r o te in s  pro tcct ạ ga in st a th e ro sc ler o sis  th ro u g h  a 
p ro cess  k n o w n  as reverse  ch o le s te r o l tran sp ort, the  
pathvvay r esp o n s ib le  ỉor tran sp ortin g  e x c e s s  c h o les tero l 
from  th e pcripheral t is su e s  back  10 the liver  for  
excre tio n .

h ig h ly  a ctiv e  a n tiretrov ira l thcrap y  A c o m b in a tio n  o f  
d iíĩerem  a n ti-h u m a n  im m u n o d e fic ie n c y  v iru s (H IV ) 
d ru gs, u su a lly  in c lu d in g  a p rotease in h ib ito r , that h ave  
m ark ed ly  in crca sed  the  p r o g n o sis  for p a tien ts  vviih HIV. 

h ig h -r e so lu tio n  a n o sc o p y  T e c h n iq u e  s im ila r  to  cerv ica l 
c o lp o sc o p v ;  Lises ic len tical eq u ip m e n l (a povveríiil ligh t  
so u rc e  and  b in ocu la r  Ien ses) 10 a llo w  id e n tiíic a tio n  and  
b io p sy  o í  le s ỉo n s  that have c o n ir ib u ted  to a b n orm al anal 
c y to lọ g ic  íin d in gs .

H irsc h sp ru n g ’s  d ise a se  A c o n g e n ita l d iso rd er  ch ara c ier ized  
by sev ere  co n st ip a tio n  d u c  to a b sen ce  o f  n e u r o n e s  in  the  
m yen ter ic  p le x u s o í  the d ista l gut. 

h is ia m ỉn c  A vaso a c tiv c  a m in e , vạsod ila to r , and  sm o o th  
m u scle  co n str ic to r  that is  ío u n d  in h ig h  c o n c e n tr a t io n s  
in m ast ce lls .

h is ia m in c -2  (H 2 )  rece p to r  a n ta g o n is ts  D ru gs ih a l b lo c k  the  
a ctio n  o f  h ista m in e  at a sp e c iíìc  (ty p e  2) h ista m in e  
recep to r  loca ted  in  the  sto m a ch , w h ic h  r e su lts  in  
effective  in h ib it io n  o f  gastr ic  ac id  se cre tio n . 

h o lis t ic  R eícrr in g  to thera p ies based  o n  in ío rm a tio n  ab ou t 
the uw h o le  p er so n ,” in c lu d in g  sp iritu a l, p h y sica l, m en ta l, 
em o tio n a l, en v iro n m en ta l, a n d  so c ia l h ea lth . 

h o m e o b o x  g e n e s  T ra n scr ip tio n  íactors that c o n ta in  a 
h o m e o b o x  or h o m e o d o m a in , a c o n se rv ed  n u c le o t id e  
se q u e n c e  that e n c o d e s  a D N A  b in d in g  d o m a in . 

h o m e o b o x /h o m e o d o m a in  S p ec ific  se q u e n c e s  o f  tran scrip - 
tion  íactor n u c le o t id e s  an d  a m in o  a c id s  that c o n ĩe r  a 
D N À  b in d in g  p a ttern in g /reg u la tio n  cap acity . 

h o m e o sta s is  T h e ab ility  o f  an o rgan ism  to  m a in ta in  an 
o n g o in g  in tern al b a lan ce or eq u ilib r iu m  ( i.e ., a b a la n ce  
b eu veen  c e ll lo s s  and  ce ll p ro d u ctio n );  critica ì to  su rv iva l 
and Health.

h o m o c ỵ s te in e  A n a m in o  acid  th a i is  con v erted  to m e th io n in e  
vvith co b a la m in  as c o ía c to r . C ob a la m in  d e íìc ie n c y  lea d s  
to  in creased  lev e ls  o f  h o m o c y ste in e , \v h ich  is  u sed  to  
d ia g n o se  co b a ia m in  d e íìc ie n c y . 

horinone In the classic sense, a Chemical messenger that 
in d u c es  a sp ec iE c r e sp o n se  in  target c e lís  c ỉistan i from  
ih c si te o f  sy n th esis . N o w  o íte n  b ro a d en ed  to  in c lu d e  
local ce ll s ig n a lin g  as w elì; e .g ., cy to k in e s .

h u m a n  le u k o c v te  a n tig c n  B 27 A g cn etica lly  d e term in ed  self- 
an tigen  (p r o te in ) lo ca lized  on tissu e  c e ll su ríaces. 

h u in a n  p a p illo m a v iru s  A ỉa m ilv  o f  6 0  su b ty p es  o f  se x u a lly  
transm itted  v ir u se s  resp o n sib le  íor gen ita l tract in íec-  
t io n s , su ch  as co n d y lo m a ta  (g en ita l vvarts). C h ron ic  
in ĩe c t io n  vvith su b ty p es  16 ancỉ 18 has b een  id en tif ied  as 
a stro n g  risk  factor for the d ev e lo p m en t o f  cerv ica l 
can cer  and an a l cancer. 

h y d a tid  c y s t  A cy st  form ed  by the larval form  o f  
Echỉnococcus. o í t e n  ap p ears as a “m o th er” c y st  w ith  
severa l sm aller  “d au g h ter” cysts . 

h y d r o c o lo s in o g r a p h y  E xam in ation  o f  thc c o lo n  aíter it has 
b een  filled  w ith  ílu id . 

h y p era m y la sem ia  A b n o rm a lly  h igh  co n c e n tr a tio n s  o í  the  
d ig estiv e  e n zv m e am ylase  in  the b lo o d . 

h y p erb iliru b in em ia  A con cìition  in  w h ic h  an ab n o rm a lly  
large am ouru o f  b iliru b in  c ircu la tes in the  bloocl, 
resu ltin g  in  se r u m  total b iliru b in  co n c e n tr a tio n s  grea ier  
than  the 9 5 lh p ercen tile  fo r  h o u r  o f  liíe. 

h y p e r e c h o ic  u ltr a so u n d  d esc r ìp tio n  o f  le s io n s  thai re ílec l  
so u n d  w aves.

h y p e r e m e s is  grav id aru m  A p ern ic io u s  con clition  in  w h ich  
the pregnant p a tic n t d e v e lo p s  sev ere  and  in tractab le  
nau sea  and v o m itin g  assoc ia ted  w ith  n u tr itio n a l and  
ílu id /e lec tro ly te  d e íìc ie n c ie s .  

h y p e r g ly c c m ia  T he c o n d itio n  o f  h av in g  a h ig h er  than  norm al 
plasm a g lu c o se  co n cen tra tio n . N orm al v a lu es o f  p lasm a  
g lu c o se  d iffer d e p e n d in g  u p o n  ih e  w h eth er  the su b jec t is 
in the íasting or íecl State, 

h y p e r g o n a d o tr o p ic  h y p o g o n a d is m  R ed u ced  íu n c tio n  o f  ihc  
go n a d s (o v a r ies or te s le s )  d u e to co n g en ita l fa ilure o ĩ  
d e v e lo p m e n i or p ostn ata l d am age or d estru c tio n , a sso -  
cia ted  w ith  e lc v a t io n  o f  gon acỉotrop in  (p itu ita ry  hor-  
m o n e ) levèls .

h y p e r lip id e m ia  A n e lev a ted  co n c e n tr a lio n  o f  p lasm a  lip o -  
p rotein s.

h y p e r o sm o la r  í ìu id  A h ig h ìy  co n cen tra ted  so lu t io n  that 
co n ta in s  scvera l o sm o tic a lly  active p articles, su  ch  as 
g lu c o se  or so d iu m .  

h y p e r p la s ia  In crease o f  ce ll p ro liíera tio n  to a lev e l that is 
h igh er than n orm al. 

h y p e r p la st ic  p o ly p  A n o n n e o p ỉa s tic  ep ilh e lia l p o lyp  that is  
typ ica lly  ío u n d  in  the c o lo n . T h ese  tin y  p o ly p s  a cco u n t  
for a p p ro x im a te ly  Kalf o f  the p o ly p s ío u n d  in  the c o lo n  
and  their p rim ary  im p o rta n ce  is  đ is t ỉn g u ish in g  them  
ừ o m  a d en o m a to u s p o lyp s. 

h y p e r sp le n is m  A c o n d itio n , u su a lly  a sso c ia ted  w ith  portal 
h y p erten sio n , in  w h ic h  the  sp le e n  is en larged , seq u ester -  
in g  p la te le ts  an d  red  and w h ite  b lo o d  ce lls . 

h y p e r te n s iv e  lo w e r  e so p h a g e a l sp h in c te r  A m an o m etr ic  
íìn d in g  o f  u n certa in  c lin ica l sig n iíìca n ce ; íreq u en tly  
ío u n d  in  p a tie n ts  w ith  n on ca rd ia c  ch est p a in  or 
n o n o rg a n ic  d y sp h a g ia  w ith o u t d e tecta b le  u n d er ly in g  
cau se .

h y p e r th y r o id ism  A variety  o f  d iso rd ers re su ltin g  in e x c e ss iv e  
thyro id  h o r m o n e  lev e ls  and  effects th r o u g h o u t the b od y .



h y p crtro p h y  G row lh  ch a ra cter iied  bv an augvnentalion o f  
cell v o lu m e .

h y p o a lb u m in e m ia  An a b n orm ally  low con cen tration  o f  
alb u m in  in  the b lood . 

h y p o ch lo rh y d r ia  T he c o n d itio n  of haviTig decreased  
am o u n ts o f  S lom ach  acid . 

h y p o g ly c e m ia  A co n d itio n  in w h ich  plasm a g lu co se  co n -  
cen tra ú o n  is d ecreased  sufficient.lv 10 p rod u ce sym p -  
(om s, w h ich  im prove w íth  resloration  o f  norm al p lasm a  
g lu co se .

h y p o k a le in ia  A b n orm ally  lo w  p otassiu m  con cen tra tio n s in 
ihe b lo o d .

h y p o p h o sp h a te m ìa  Lovv b lo o d  p h o sp h oru s con cen tra tion . 
h y p o p la s ia  D ecrease  o f  ce ll p ro liíeration  to  a level thai is 

low er ih an  norm al. 
h y p o p r o te in e m ia  A bnorm alty  sm all a m ou n is ol lota l protein  

in the b lo o d . 
h y p o te n s io n  A bn orm ally  lo w  b lood  pressure. 
h y p o lh a la m u s An in tegrative brain area inade up o f  different 

n u ele i; it rece ives in p u ts from  Ihe peripherỵ and triggers  
ihe ap p rop riate  b eh aviora l and h ioch em ica l resp on ses . 

h y p o th crm ia  Body tem perature sign iíìcan tlv  b clow  norm al. 
h y p o lh y r o id ism  A sy n d ro m e characterized  by inadequate  

thyro id  h o rm o n e p ro d u ctio n  or replacemenL. 
h y p o x ia  A c o n d itio n  that arises w h cn  the cellu lar dernand for 

m o lecu la r  o x y g en  n ecessary  to m aintain  p h y sio lo g ic  
lu n ctio n  e x c e e d s  su p p ly .

IBD See INI LAMMATORY BOVVEL D1SEASK.
1BD1 T he fìrst g en e lo cu s  id en lilicd  111 in ílam nialorv bovvel 

d isease . l l  is  iocated  in tht- pcri-centrom eric reg ion  o f  
ch rom osorn e 16 and co n ta in s ihe N O D 2 gene. 

i lea l brake An en d o cr in e  m ech an ism , e lic ited  by the  
p resen ce  o f  n u trien ts in  the ile.um, tliat cau ses in h ib itio n  
o f u p p er gastro in testin a l se cre lio n  a n d /o r  m otilitv . 

i le it is  In lla m m a lio n  o f  ih e  ileu m .
ileo a n a l p o u c h  A reservo ir created  from the distal ileu m  to

co n n ec t the ileum  to the a n u s aftcr lota l co lectom y. 
i le o sto m y  A n op era tion  in  w h ich , aftcr rem oval o f the c o  ỉ ơn  

( c o le c to m y ), ih e  CUI en d  o f  ihe ilcum  is b rou gh l ih ro u g h  
an o p e n in g  in the ab d on iin a l w all. llcal e fflu en t is 
co lle c te d  thereaíter in to  a b ag  lìxed over ihe Slom a. 

ilc u s  T he ía ilu re  o f  d o w n w a rd  progress o f  ihe in lestin a l  
co n ten ts becau se  of d isord ered  p ropulsive m otility  o l the  
g astro in testin a l tract. 

im age r e s o lu tio n  T he d egree  to vvhich ven ' sm all o b je c ls  
loca ted  in  c lo se  p ro x im ity  can he distiTiguished in an  
im age.

im ag in g  d e v ic e  M ach in ery  ihat scans and cap iu res bod y  
im ages (as in co m p u ted  tom ography. m agnetic  reso- 
nance ìm ag in g , rad iograp h v, and llu oroscop v). 

im ag in g  p la tc  A system  a n a lo g o u s 10 silver nitraie íilm , bưl 
u sin g  p h o sp h o rescen t tech n o lo g v  to capture itnages  
d ig íta llv , rather than c o n v er lin g  silver to lorm  an iniage. 

im m u n e-en h a n c in g  form u la  An em cral Ibnnula vviih added  
substratẹs (oĩten arginine, fatty adđs, rihonucleic acids.

and g lm a m in e ). Such form ulas are p o stu la ted  to en h a n ce  
in te siin a l iram u ne íu n cú o n . 

im m u n c r e c o n s t itu t io n  Im m u n e-sp ec iíìc  r e sp o n se s  ihat can  
be transien tly  associa ted  w ith  u n u su a l m a n iíe s ta tio n s  o f  
o p p o rtu n istic  in fectio n s , su ch  ạs Mycobacterium  avium  
co m p le x  ly m p h a d en iú s. T h is o c c u r s  severa l w e e k s  to  
m o n th s after h igh ly  a cú v e  an tiretrov ira l therapy is 
in itia ted , as C.D4 ly in p h o c y ie s exp an d . 

ím m u n o d e fic ic n c y  A nv co n d itio n  in w h ich  the b o d y ’s 
iram une sy s le m  (a n ú b o d ies , T c e lls )  is  not fu n ctio n in g  
at opLimal capacity . 

im m u n o g lo b u lin  (Ig) A  protein  (a n tib o d y ) p ro d u ced  b y  B 
cells; ú  h as the ability  to  recogn íze  and b ind  sp ec iĩic  
an tigen s. T vp cs in c lu d e  im m u n o g lo b u lin  A, E, G, M; IgA  
is the d o m in a n t im m u n o g lo b u lin  o f  in testin a l se cretio n s  
and is  íou n d  a lso  in sa liva  and b ile. 

im m u n o n e u tr a liz a tio n  A tech n iq u e lo  ab o lìsh  the effect o f  a 
c ircu la tin g  p ep tid e  by a d m in is ier in g  a n tib o d ies  d irected  
against the p ep tid e . 

im m u n o sta in  A laboratory h is io ch em ica l p roced u re thai 
d etccts  a sp e c iíìc  a n lig en  u sin g  a sp ec ific  a n ú b o d y . 

im m u n o su p p r e ss io n  P reven lìon  or in ter ícren ce  w ilh  ih e  
d ev e lo p m en t o f  an im m u n o lo g ic  resp onse; it m ay re ílec l 
natural im m u n o lo g ic  u n rcsp o n s iv en ess ( to le r a n te ) , m ay  
b e a rtiíĩc ia lly  in d u ced  by ch em ica l, b io lo g ic a l, or 
p h ysica l a gcn ts, or m ay be caused  by d isea se . 

ĩm p r in tin g  A g erm -lin e  p rocess ihat “p resets” or p red eier- 
m in es the p otentia l o f  a transm itted  g en e  10 be a ctive  or 
in a c liv e  w ith o u l ch a n g in g  the actual se q u e n c e  o f the 
base pairs. li presum ably  re ílec is  a m o d iíìca tio n  o f the 
DNA OI' proieìns in snch a way as to preset ihe activitv of 
g en es  in the em bryo. 

i n c i d e n c e  T he n u m b er o f  n ew  cases o f  a sp ec ific  d isease  
Tound in  a d efined  p op u la tio n  o v er  a specỊfic tim e  period  
(su ch  as ih e  nutnber o f  new  cases over a on e-year  
period ).

in crc lin  h o n n o n e s  In su lin o trop ic  in te stin a l h o rm o n e s re- 
sp o n s ib le  for en h an ced  in su lin  se cre tĩo n  after oral as 
o p p o sed  to in lra v en o u s g lu co se  ad m in istra tion . 

in d e tc rm in a te  c o lit is  C hron ic id io p a th ic  in íla in m atory  
co lit is  that can n ot be c la ssified  w iih  certa in ty  as 
ulcerative c o lit is  or C r o h n s  d isea se  b ased  on  en d o-  
sc o p ic , rad iograp h ic , and  h isto p a th o lo g ic  criteria. 

in d u c ib le  n itr ic  o x id e  sy n th a se  Key en zy m e for p ro d u ctio n  
of n itr ic  o x id e , a p o ten t e n d o g e n o u s  v a so d ila to r  ihat acts  
through  sm o o th  m u sc le  relaxa iion .

IN D Y  g en e  A recen tlv  d iscovered  " ĩm  n ot d ead  y e t” g en e  
locu s, the m u ia ú o n  o f w h ich  can  s lo w  se n e sc e n c e  and  
ex ten d  lo n g ev ily ; en co d es  (or a p ro te in  that dovvn- 
regulat.es ce llu lar  en ergy  u tiliza tion . 

in íla m m a tio n  T h e b o d y s  resp onsc  to in tc c lio n  or in ịury, 
in c lu d in g  in creased  sw e llin g , red n ess, h eat, pain . and  
vvhite ce ll in filư a tio n  (p u s form ation ). 

inílamiTiatory b o w el d iseasc A group o f chronic, iđiopathic 
d isord ers characterized  by in lla m m a ú o n  o f  ih e  gastro- 
iniesúnal tract. The term m osi com m ổn ly  reíers to 
C roh n ’s d isea se  (C D ) and u lceraú ve c o liú s  (U C ).



inílamm.Uory diarrhea A diarrheal illness in which the 
p red om inan t p a th o lo g ic  lĩn d in g  is an in v a sio n  o f  the 
in lestin a l e p ith e liu m  b y  im m u n o cy tes. T h is tvpe o f  
diarrhea ca n  h e  the resu lt o f  eith er a norm al im m u n e  
resp on se  to an  a b n o rm a l en v iro n m en t, as in in fe c tio n , or 
an abnorm al im m u n e  resp o n se  to a norm al en v iro n m en t, 
as in in íla m m a lo rv  b o w e l d isease. 

in ílam m atory  p o ly p  A p se u d o -p o lỵ p , co n s is t in g  o f  norm al 
t issu c, o ften  w ith  in crea sed  in íla m m a lo ry  e lem en ts;  
m ostly  a sso c ia te d  vvith ch ro n ic  in ílam m atory  co n d itio n s  
o f  the b o w e l in c lu d in g  u lcerative c o lit is  and  C r o h n s  
disease. T h ey  d o  n o l h ave m a lig n a n cy  risk , bu i the  
in ílam m atorv  c o n d it io n s  th e m se lv es  do . 

in ílix im a b  A h u m a n iz e d  m o n o c lo n a l an tib o d y  d irected  
tovvard the tu m o r  n e c r o s is  lactor a lpha (T N F « ) thai 
has shovvn great e ííìc a c y  in  the therapy o l C r o h n s  
disease.

in form ed  c o n s e n t  A g r e e m e n l and  a ck n o w led g m e n t o f  
u n d ersta n d in g  by the p a tiem  for a p ro ced u re  or  
im erv en tio n  fo llo w in g  an ex p la n a lio n  o f  the risks, 
b en efits , an d  a ltern a tiv es . 

in it ia t io n /e lo n g a t io n  ĩa c lo r s  A grou p  o f  p ro te in s in v o lv e d  in  
the in iú a ú o n  an d  sy n th e s ís  o f  p o ly p ep lìd e  ch a in s  at ih e  
level o f  tran sla tion . 

in -p h a se  grad ien t e c h o  A m a g n e tic  reso n a n ce  p u lse  se q ụ en ce  
in  vvhich sig n a ls  from  lipicl an d  w ater are ad d itive .

1NR (ln u -rn a tio n a l N o r m a liz e d  R a lio ) A test thai m easu res  
c lo u in g  im p a irm en t. 

in su ffla tio n  In s ia lla tio n  o f  air inro ih e c o lo n  for the pu rp ose  
of d iste n d in g  the  vvalls for ex am in ation . 

in su lin  A g lu c o se -r e g u la t in g  h o rm o n e  p ro d u ced  and se -  
creteil by beta  c e lls  in  the is le ts  o ĩ  L angerhans; it has 
broad an a b o lic  e í ĩe c ts  on  b o d y  m etab olistn . 

in su lin o m a  An Ín sụ lin -p r o d u c in g  tum or o f  the p an crea tìc  
beta ce lls  in the  is le ts  o f  Langerhans. 

in su lin  r e s is ta n c c  T h e d ecrea sed  ab ility  o f  in su lin  to act 
e ffe cú v e ly  on  p erip h era l targei tissu es , e sp e c ia lly  m u scle  
and liver; res ista n ce  is rela tive, b ecau se  su p ern orm al 
lev e ls  o f  c ir c u la tin g  in su lìn  w ill n orm alize  thc p lasm a  
g lu co se .

in su lin  sc c r e ta g o g u e s  D ru gs that im prove in su lin  secretion:  
su lĩo n y lu rea  an d  m e tig lin id e s . 

in su lin  s e n s i t i z e r s  D ru gs that im p rove in su lin  actíon: 
b ig u a n id es  (m e tío r m in )  and  th ia z o lid in e d io n e s  (ro sig li-  
tazon e and p io g lita z o n e ) . 

in lerca la tcd  d u c ts  S m all d u c ts  in  salivary g lan d s c o n n e c ú n g  
the secretory  c e lls  to larger striated  du cts. 

in te rce llu la r  a d h e s io n  m o le c u le s  M o lecu les that assist 
le u k o c y le s  in  in te ra c tin g  vvith iheir  en v iro n m en ts  
ih rou gh  a đ h eren ce; ih ey  are ch an ged  o n  the su r ĩa ces o f  
en d o th e lia l c e lls  an d  le u k o c y te s  d u rin g  in flam m ation  
and h elp  recru it le u k o c y te s  to s ites  o f  in íla m m a tio n . 

in te rce llu la r  ca n a lic u li F in g er -lik e  p ro jec lio n s  o f  the end- 
p iecc  lu m en  e x te n d in g  b e tw e e n  ad jacen t secre to ry  ce lls . 

interdigcstive motility complex See MIGRATINC MOTOR 
COMPLEX

i n te r d ig e s t iv e  S ta te  P h y s io lo g ic  c o n d ú io n s  in  the d ig e s tiv e  
tract in  the lim e  b e tw e e n  c o m p le tio n  o f  d ig e st io n  and  
a b so rp lio n  o f  a m ea l and the iiig ẹstio n  o f the n e x t  m eal. 

in te r íe r o n s  A large ĩa n iilv  o f  na lu ra llv  occu rr in g  p ep tid es  
w ilh  b oth  an tiv ira l an d  an iip ro lilcra tiv e  effects. 

in te rm ed ia te  h o s i  A n  a n im a l, verieb rate or in verteb rate , thai 
serves as a h o st for an in term ed ia te  d ev e lo p m en ta l Slage  
o f  a parasile . T h e  in term ed ia te  h o s l tran sm íts ihe  
parasite bv re lea s in g  a form  in ĩe c t io u s  to the d e fin iú v e  
h o s i or by b e ìn g  c o n su m e d  by the d e íin itiv e  h ost. 

in te rm itte n t c la m p in g  A  stra legv  to p reven t isc h e m ic  in ịu rv  
bv in terru p tin g  lo n g  isc h e n iic  in su lts  vvilh m u ltip le  s liort  
in tervals o f  rep er ĩu s io n . 

in te rn a l anal sp h in c te r  A r in g  o f  sm o o th  m u sc le  thai 
su rrou n d s the d ista l rectu m  and anal canal; it o b stru cts  
the passage o í íe c e s  w h e n  co n tra c ied  and p e m iits  p assage  
w h en  relaxed .

in tern a l h e m o r r h o id s  H em o rrh o id s thai o r ig in a te  a b o v e  the  
den tate  lin e. D ifferen tia ted  as íirst ih ro u g h  fourlh  degree: 
fìrst d eg ree , s lid e  b e lo w  the d en tate lin e on  strain ing; 
se c o n d  d eg ree , p ro la p se  through  the an u s on  stra in in g  
but red u ce sp o n la n e o u s ly ;  th ird  degree , p ro lap se  
ih rou gh  the a n u s 011 stra in in g  and require m anual 
rep lacem en t in to  the anal canal; íou rih  d egree , p ro lap se  
is not m an u a lly  red u cib le . 

in te m a l in tu s s u s c e p t io n  R ectal in lu ssu sc e p tio n  in w h ic h  ihe  
lead  p o in t rem a in s ab ove the p e lv ic  íloor  (a lso  ca lled  
occu lt p ro lap se). 

in te rn a l r ib o so m e  e n tr y  s it e  An in lr ica te  RNA stru ctu re  that 
is locaied near ihe bcginning of liepaúús c  virus RNA; ii 
p ro m otes the  in itìa tio n  o f  viral p ro le in  sy n th esis . 

ìn te rn cu ro n s N e u r o n s  that relay sign a ls a m o n g  gan g lia  in  a 
th r ee -d im en sio n a l stru ctu re . 

in te r stitia l c e l ls  o f  C ajal S p ec ia lized  c e lls  ihat are lo ca ted  at 
the  im er ỉa ce  o f  th e  lo n g itu d in a l and circu lar m u sc le  
layers o ĩ  ih e  gu t w all and that gen erate rh y th m ic  
electr ica l d e p o la r iz a t io n s  (s lo w  w a v es) a cú n g  as pace- 
m akers for d u o d e n a l co n traction s. 

in te s t in a l  a b so r p tio n  T h e cap acity  o f  the in tcstina l m u c o sa  
to  activ e ly  ab sorb  d ig ested  food. 

in te s t in a l ía ilu re  A n  irreversib le  sta le  o f  in ab ility  o f  the 
n ative g a stro in testin a l tract to provide lor the n u trition a l 
a n d /o r  ílu id  and e lec tro ly te  d em a n d s o f  the body . 

in te s t in a l infarctú>n L oss o[ v iab ility  o f  any p ortion  o ( the 
bovvel d u e  to  the  la ck  o f  su ííìc ie n t  b to o d  su p p ly  lo  en su re  
adequate p e r íu s io n  o v er  a s ig n iíìca n t p eriod  o f  tim e. 

in te s t in a l in tr in s ic  I ie rv o u s sy s te m  A c o m p le x  sy s te m  o f  
in te r c o n n e c tin g  n erv e  ía sc ìc le s  and ganglia  o ccu rr in g  
vvithin the in te s t in a l w a ll and  ab le to  íu n ctio n  a u to n o -  
m o u sly .

in te s t in a l  le n g th e n in g  A su rg ica l p ro ced u re in  w h ic h  the  
d ila ted  sm a ll in te stin a l d iam eter  is  h a lved  and jo in e d  end  
to end.

in te s t in a l m e ta p la s ia  A c o n d itio n  in  w h ich  the in te stin a l
ce lls  in  the gastric  m u c o sa  b eco m e  m etap lastic .



ìn te s t in a l p erm ea b ility  Propertỵ o f  the in testin a l m u cosa  to  
p erm ít the passage (d iffu sio n ) o f  su b sta n ces across the 
m u c o sa .

in te s t in a l p seu d o -o b str u c t io n  C lin ica l sy m p to m s, e ith er  
recu rren t or ch ron ic , resem b lin g  a m ech an ica l o b siru c-  
Lion o f  the gut w ith o u t d em o n sư a b le  lu m in a l com p ro-
m ise .

in te s t in e -k id n e y  en d o cr in e  a x is  H orm onal c o n n e c ú o n  be- 
tw e e n  the im e sú n e  and k id n e y  form ed  by en teric  
g u a n y lin  an d /or u rogu an ylin  p ep tid es thai are secreted  
in to  the b lood stream  fo llo w in g  the in g estio n  o f d ietary  
so d iu m  ch lo r id e  (L e., table sa lt). 

in lr a e p ith e lia l ly m p h o c y te  com partm enL  C o llec tio n  o f  T 
Iv m p h o cy tes and  NK (natural k iller) c e lls  in tersp ersed  
belvveen  the in te sú n a l ep ith e lia l cells. 

in tr a h e p a tic  c h o le s la s is  o f  p regn an cy  Pruritus and liver  
d y s íu n c t ìo n  in  the se co n d  half o f  pregnancy. 

in tr a lu m en a l c o n tr a sl A d ilu te so lu tio n  (2% ) ol barium  or 
G a stro g ra íìn 1M thai is in g ested  to d isten d  and op aciiy  the  
h o llo w  a b d om in a l v iscera . T h is ĩs  h elp íu l in  d ifferentiat-  
in g  th e  gut from  m asses, lym ph n o d es , and abscesses, 

in lra v a scu la r  co n tra st A p ro cess in  w h ich  iod in ated  contrast  
m ater ía l is  in jected  in to  an an tecu b ila l fossa v e in  to  
a sse ss  b o w e l w all en h a n cem en t, to  id en tify  and  char- 
a cter ĩze  focal le s io n s  in  the liver, sp lee n , pancrcas, 
ad ren al g lan d s, k id n eys, and  b ladder, and to pertorm  
co m p u te d  tom ograp h y-an giograph y. 

in tr a v illo u s  sp a ce  T he sp a ce  b etw een  the lo n g  v illi. 
N u tr ie n is  m ust dilTuse in to  ib is sp ace in  order to be 
taken  across the brush  border m em brane in p o rú o n s o f  
the v illu s  aw ay from  the v illu s tip and tovvard the crypt. 

in tr in s ic  fa ctor  A g ly co p ro te in  secreted  by the stom ach ; it 
b in d s co b a la m in  sp ec iíìca lly , a ttach es 10 a receptor  
(c u b ilin )  on  the ap ical m em b ran e o f  the ìlea l ep ith e lia l  
c e ll , and  is in tern a lized  lo g e lh er  w ith  its co b a lam in  by 
that ce ll.

in tu b a tio n  T h e p ro cess o f  ob ta in in g  a ccess to the gaslro-  
in te stin a l tract vvith a Uibe. 

in lu s s u s c e p ie n s  T he in te stin a l lo o p , or sh ea lh , in to  w h ich  
the in tu ssu sep tin g  b o w el (th e in tu ssu scep tu m ) invagi- 
n ates.

in tu s s u s c e p t io n  T he le le sc o p ín g  or in vag in ation  o f  o n e  
p o rtio n  o f  the b o w e l in to  the a d jaccn l, d ista l in testina l 
lu m en .

i n t u s s u s c e p t u m  l n v a g i n a t i n g  a n d  r e t u r n i n g  b o w e l  o f  t h e  

in tu ssu sc e p tio n , in c lu d in g  the ad ịacent m esentery. 
io n  c h a n n e l A m em brane p rotc in  thai íorm s a se le c liv e  and  

regu la ted  pore for the d iffu sio n  o f  a p a n icu la r  ion  or  
io n s . T he d irectio n  o f m o v em en t is d ep en d en t on  ihe  
c lec tro ch em ica l d riv in g  force tor the giveti ion , w b ich  is 
d eterm in ed  by the co n cen tra tio n  o f  io n  o n  each sid e  o f  
the m em b ran e and the electrica] p o ten tia l a cross the  
m em b ran e.

io n  e x c h a n g e r s  A su b class o f  cotran sp orters thạt m ove  
su b sta n ces  in  o p p o site  d irec lio n s; antiporters. 

io n iz in g  rad ia tion  E n ergeiic  p articles, em itled  by so m e  
iso io p ẹ s  o f  certain  a tom s, thai in teract w iih  b io lo g iea l

t issu es  lo  cau se  io n iza tio n , Ieading  to ch em ica l, stru ctu r-  
a l, or p h y sio lo g ìca l ch an ges in ce lls . 

ion  p u m p  A m ein b ran e p ro te in  in  w h ìch  ATP h y d ro ly sis  is 
u sed  as an en ergy  so u rc e  to  m o v e  o n e or m ore io n s  
a cro ss  the ce ll m em brane. 

io n s E lem en ts that h ave a p o s it iv e  (c a tio n ic )  or n egative  
(a n io n ic )  charge d u e  to the lo ss  or gain  o f  o n e  or m ore  
e lectron s.

IPEX sy n d ro m e  im m u n o d y sreg u la tio n , p o ly en d o cr in o p a th y , 
and  enteropathy: X -link ed ; an in h erited  X -lin k ed  syn-  
đ ro m e Lhat resu lts from  a m u ta tio n  in  the FO X P3 g en e  in 
h u m an s. It is  ch aracterized  b y  a u to im m u n e  en terop ath y  
and m ultip le  e n d o c r in o lo g ic a l ab n o rm a lities  in c lu d in g  
d ia b etes m e llítu s , h y p o th y ro id ism , and  h e m o ly lic  ane- 
m ia.

ir o n -r e sp o n siv e  c le m e n ts  ( lR £ s) /ir o n -r e g u la to r y  p r o te in s  
(IR P s) M o lecu les thai p artic ip a te  ìn  the regu la tion  o f  
e x p r e ss io n  o l so m e  g e n e s  in v o lv ed  in  iron  ab sorp tion . 
IRPs b ind  to IREs and  in crea se  or d ecrease  ih e  
e x p ress io n  o f  sp ec ifĩc  gen es . 

irr itab le  b o w c l sy n d r o m e  A g ro u p  o f lu n c lio n a l gastro- 
in te sú n a l d isord ers se e n  ừ e q u e n d y  by g a slr o en tero lo -  
g ists; p a lĩen ts  have ch ro n ic  and recu rren t  
g a stro in tesú n a l sy m p to m s su c h  as ab d o m in a l pain , 
b lo a tin g , d iarrhea, and c o n stip a tio n . B ecause ih ere  is 
n o  ev id en t p h ysica l or b ioch evn ica l b asis , the sy n d ro m e  
is  ih ou gh t to be d u e to a ltered  se n so ry  or m o io r  
regu la tion  o f  the g a slro in testin a l tract. 

isc h e m ia  A d ecrease  in  ih e  b lo o d  su p p ly  10 an organ , tissu e , 
or b od y  part cau sed  by eo n str ic iio n  or o b stru cú o n  o f  a 
v esse l.

is c h e m ic  D esrcib in g  an in ad eq uate  su p p ly  ot' b lo o d  to a part 
o f  the b o d y , cau sed  by partial or total b lo ck a g e  o f  an  
artery.

isc h e m ic  p r e c o n d it io n in g  A reg im en  u sed  to p rim e an  organ  
again st su b seq u en l lo n g  isc h e m ic  in su lis; it c o n s is ts  o f  a 
sh o rt p eriod  o f  isc h e m íạ  l'o llow ed by a b rief in terva l o í  
rep erfu sion  p rior to the p ro lo n g ed  isc h e iu ic  in su lt. 

is le t-a c in a r  p o r la l sy s tc m  A sp ec ia lize d  vascu lar sy s lem  
c o n n e c t in g  the is le ts  o f  L ángcrhans and the ex o c r in e  
p a n creas th a i d e liv ers islet h o r e io n e s  to the acin ar cells . 

is le t s  o f  L an gerhan s c lu s te r s  of severa l hu n dred  to several 
th o u sa n d  en d o cr in e  c e ils  e m b e d d e d  in ih e  pancreas. 

is o e n z y m e s  M u ltip le  form s o [ the sam e en zym e; th e v  have  
su b tle  d ífferen ces in  am in o  a cid  se q u e n c e  or p osttran sla -  
tion a l m o d iíic a iio n s . 

i so la te d  in te s t in a l tra n sp la n t V ascu lar ized  {ran sp lan u u ion  o f  
the jẹ ju n o -ile u m  from  a n o th er  p erso n  (u su a lly  a 
cad aver).

is o to n ic  ílu id  A  so ltu io n  thai c o n ta in s  e lec tro ly tes, n on -  
le c tro ly te s , or a co m b in a tio n  o f  b oth , h aving the sam e  
c o n c e n tr a t io n  as the so lu tìo n  to w h ifh  it is b e in g  
com p a red  te .g ., b lo o d ).

J a n ew a y  le s io n  P a in less, m acular le s io n s  011 the p a lm s and  
so le s , ch ara c ier istic  ol in le c ú v e  en d ocard itis .



ja u n d ic e  E xcess ive  a c c u m u la tio n  o f b iliru b in , as a resu lt o f  
en h an ced  p ro d u ctio n  or im paired  e lim in a tio n , re su ltin g  
in  y e llo w  d isco lo ra tio n  o f  the sk in , sc lera , and  m u c o u s  
tnem branes.

je ju n u m  T he se c o n d  p o rtio n  o f  ih e sm a ll in te stin e , vvhich  
im m cd ia te ly  fo llo w s  the d u o d em im .

Jen n cr ia n  R clerring  to v a cc in es , the use o f  natu ra lly  
attenuated  but a n ú g e n ic a lly  sim ila r  an im al stra in s as 
h um an v a cc in es , as Edw ard Jen n er u sed  c o w p o x  v iru s  to  
proteet ag a in st sm a llp o x .

K

K ap osiíorm  h e m a n g io e n d o th e lio m a  E n d oth elia l h yp erp la -  
sia, vvhich is less discreLe and more aggressive than typical 
h em an giom a. It ca n  be a sso c ia ted  w ith  very lo w  p la ie le t  
co u n ts  (krnnvn a s K asabach-M errilt p h e n o m e n o n ).  

K aw asak i syn clrom e V ascu litis; th is has rep laced  rh eu m a tic  
Ccver as the m o s l c o m m o n  ca u se  o f acq u ired  heart 
clisease in  c h ild r e n  and is d ia g n o sed  o n  the b a sis  o f  fever  
p lu s Olher (ìve criteria. 

k cr íito co rý u n ctiv it is  s ic c a  D ry ev e  an d  a sso c ia ted  sy m p to m s  
d u e  10 the a b sen ce  o f  the a q u eo u s c o m p o n e n t  o f  tears. 

k ern ic teru s A severe n eu ro lo g ica l c o n d itio n  a sso c ia ted  w ith  
y e llo w  sta in in g  and  d eg en era tiv e  le s io n s  o f  th e  basal 
ganglia  of the brain  o f  se v ere ly  ịa u n d ic ed  term  n ew b o rn s  
or m oderate ly  h y p erb iliru b in em ic  p rem alu re n e o n a ie s .  

k in a se  An e n zy m e that ca ta ly zes the iran síer o f  p h o sp h a te  
f io m  ATP lo  substrates.

Kit T yp e 111 ty ro sin e  k in ase  recep tor  ex p ressed  o n  p o p u la -  
t io n s  o( in tersiitia l c e lls  o f  Cajal th r o u g h o u t thc 
gastrn in lcstin a l tract. 

k o ck  p o u ch  ( c o n lin e n t  i lc o s to m y )  A reservoir c o n str u c te d , 
fo llo w in g  c o le c to m y , from  a p p ro x im a te ly  4 0 c m  o f  ile u m  
m uch lik e  rt p c lv ic  p o u ch , but w ith  thc m o d iiìc a t io n  o f  a 
one-vvay n ip p le  valvc a c c e sse d  b y  in tu b a lio n  d irec tly  
ih rou gli the an terior  a b d om in a l vvall.

K-ras A n o n co g en e; ih e  m u ta ie d  form  is  foun d  in  o v er  90%  
o f  p an crea iic  can cers.

K upffcr ce ll A h ep a tic  m a crop h age tha i p resen ts in ih e  
lu m en  o f  h ep a tic  s in u so íd s . 

k w a sh io rk o r  A p ro te in  d e fic ìen cy  S tate  w ith  a d eq u a te  ca lo r ìc  
in tak c, d u e  to a rnoderate to se v ere  sy stem ic  in íla in m a -  
tory resp on se  w ú h  so m e  d egree  o f  a c c o m p a n y in g  
sem istarvation . A lso  k n o w n  as p r o te in  m a ln u trú io n . 

k y p h o s c o lio s is  B ackw ard and  lateral curvature o f  th e  sp in e ,

lacrim ai g la n d s T he g lan d s p r o d u c in g  tear ílu id s  th a i b ath e
ihe su ríace  o f  th e  eye  (co rn ea ). 

la c ta se  d e íic ie n c y  V ery lo w  or ab sen t lactase activ ity ;
d e icrm in ed  bv assay  o f an  in te stin a l b iop sv  sa m p le . 

L a d d s  h an d s P eriton ea l a ita ch m en ts  to an a b n o rm a lly  
p o sitio n ed  cecu m . T h ey  can  ca u se  o b str u c t io n  o f  the  
d u o d cn u m  bv ex tr in sic  co ra p ressio n . 

la m e llip o d ia  VVide w a v e-lik e  e x te n s io n s  o f  the  ce ll b o rd er  in  
migralinạ; ce lls .

la m in a  prop ria  T he c o n n e c ú v e  tissu e  co m p a rim en t lo ca ted  
belvveen  the ep ith e liu m  and the m u scu laris, c o n s is t in g  o f  
in terstitia l m atrix  as w ell as variou s cell types (íìb ro b la sts  
and im m u n e ce lls ).  

lam in a  p rop ria  ly m p h o c y tc  co m p a rtm en l A c o lle c t io n  o f  
b o n e  m arrow -d erived  c e lls  ( in c lu d in g  ly m p h o cv tes  an d  
a n tig e n -p resen tin g  c e lls )  d isp ersed  th ro u g h o u t th e  stro-  
m a, su p p o rtin g  the in testin a l v illi. 

laỊỉaroscopic cholecyslectom y Removal of the gallbladder 
vía a la p aroscop ic  approach . 

la p a ro sc o p ic  s ta g in g  A m in im a lly  in v a siv e  m ean s o f  
ev a lu atin g  the resectab ility  o f  p an crea tic  a d en o ca rc in o -  
m a bỵ v isu a liza tio n  th rou gh  a tube in serted  in to  the  
ab d om en .

la p a ro sc o p ic  su rg ery  T h e u se  o f  la p aroscop y  to p erlorm  
d ia g n o stic  and th erap eu tic  p ro ced u res in  the a b d o m in a l
ca v ị ty.

la p a ro sc o p y  V isual in sp e c iio n  o f  the ab d o m in a l cavity  v ía  an  
e n d o sc o p e  or te le sc o p e , m ost o ĩten  u iiliz ín g  v id eo  
m o n ito r in g  Via a tta ch m en l o f  a cam era to the e n d o sc o p e . 

la p a ro lo m y  Surgical ín c is io n  through  the ab d o m in a l w all. 
larva T he im m atu re form  o ĩ  an in verieb rate that req u ires  

m o ltin g  to d ev e lo p  to adult stage. 
lary iix  T he organ for p ro d u ctio n  o i vo ice; situ ated  in  the  

airw ay at the base o f  the tongu e. 
la te n l c e l ia t  d ise a s e  C eliac d isea se  in  p a lien ts  w h o  h a v e  a 

norm a! sm a ll in te stin a l b io p sy  o n  a g lu le n -c o n ta in in g  
d iet, b u l at so m e  tim e b eỉore  or s in ce  have an 
en terop ath y  ihat reso lv ed  w ith  g lu te n  restr iction . 

la tera l in h ib it io n  A p r o c e ss  by w h ic h  a s in g le , cen ira lly  
loca ted  ce ll s e l[-d e ie r n iin e s  its  d ifferen iia tio n  an d , in  
d o in g  so , in h ib ils  a sim ilar fate se le c tio n  bv ad jacen t  
lateral ce lls .

laxa tive  A n y  su b stan ce ihat acts to in d u c e  d e fe c a lio n  and  
thereb y  in crease  s to o l íreq u en cy , so ỉten  s to o ls , and ease  
the passage o f  s to o ls .

L cc ll T he en d o cr in e  c e ll  type in  the in testin a l m u c o sa  thai 
e x p r e sse s  the g lu ca g o n  gen e  and se cre tes the p ro g lu ca g o n -  
derived  p ep tid es . 

lean  b o d y  m a ss  T he fat-free co m p artm en t o f  the b o d y , w h ich  
c o n ta in s  n itro g en  an d  m a k es up  ap p ro x im a te ly  75%  o f  
b od y  m ass or w c ig h l. It in c lu d e s  the b od y  c e ll m a ss , the  
ex tra ce llu la r  riuicl co m p artm en t, and the su p p o r ú n g  
t issu es.

le c ith in  c h o lc s te r o l a c y ltr a n s íe r a se  A n en zy m e in v o lv ed  in  
the es ter iíìca tío n  o f  free ch o le s tero l p resen t in  c ircu la tin g  
plasm a lip o p ro te in s; a m ajor d eterm in an t o f  the circu la t-  
in g  level o f  h ig h -d en s ity  lip o p r o te in s  (for in sta n ce ,  
o v erex p re ss io n  o f  th is  en zy m e in an im als s ign iR can tly  
in crea ses the c ircu la tin g  p lasm a h ig h -d en s ity  lip o p r o te in  
lev e ls).

lc p tin  An a d ip o cy te  p e p lid e  h o rm o n e  that serv es to d ecrease  
ap p etite .

L eser-T relat s ig n  T he su d d en  ap p earan ce o f  rau ltip le
seb o rrh e ic  k era to ses , o ften  co n co m ita n t w ith  a ca n th o s is  
n igrican s; foun d  in  a sso c ia ú o n  w ith  g a stto in te sd n a l 
m a lig n a n cies .



le u k o p e n ia  A lo w  w h ite  b lo o d  ce ll cou n t  

le u k o p la k ia  A th ick  w h ite  p a lch  on  n iu co u s m em brane. 
le u k o tr ie n c  Fatty acid  p rod u ct of arach id on ic  acid tha i 

co n tr ib u tes  to  the p ro in ílam m atorv  le sp o n se .  
le v a to r  an i m u s c le  Part o f  the p elv ic  [loor  situ ated  anterior to  

the anal canal; i l  can  be v o lu n ta r ìly  co n lra cted  to p in ch  
o ff th e  rectu m  from  the anal canal. 

life  e x p e c ta n c y  T he e x p e c te d  liie  sp an  o f  an in d iv id u a l; can  
be d e íìn e d  as the p red ic ted  n u m b er o f  vears that w ill pass  
u n til o n ly  h a lf o f  a n y  co h o rt o f  p eo p le  w ill still be alive. 

lig a m e n t o f  T reitz  A su sp en so ry  m u sc le  of the d u o d en u m  
that a n a to m ica lly  d iv id es the d u o d en u m  from the 
je ju n u m .

ligan d  A stru ctu re o n  One ce ll reco g n izcd  bv a receptor on  
a n o th er  cell.

lin ca g e  s e le c t io n  T he p ro cess bv w h ich  d cv e lo p m cn la l faie 
c h o ic e s  are m ade d u rin g  o rg a n o g en es is  b etw een  dilTerem  
ce ll lin ea g e  types. 

lip a se  A n en z y m e  thai ca ta lyzes the hvclrolysis o f  esier b on d s  
in  d ietary  fals 10 re lease  lattv acids. 

lip id  A co n cen tra ted  íorin  o f  en ergy . co m p o sed  o f a n u m b er  
o f  c la sse s  o f  c o m p o u n d s  that are in so lu b le  in \vater but 
so lu b le  in  organ íc  so lv en ts; tr iacy lg lycero ls and trigly- 
cer id es are the m o st abundant o[ a ll d ietary lip ids. 

lip id  a b so r p tio n  T he p ro cess by vvhich lip id s are d igested , 
m a in lv  in  ihe in testina l lu m e n , w h ere  ih ev  are absorb ed  
hy e n te r o c y le s  and  then  p ackaged  and secreted  as 
c h y lo m ic r o n s  in to  the lym ph  B ile salt p lays a eritical 
r o le  in  the ab sorp tion . 

lip id -b in d in g  p r o te in s  P ro le in s in the britsh border m em -  
brane an d  the e n ie io c y ie  c y io so l lliat b ind  lip ids. T hcir  
p h y sio lo g ica l role is u n k n o w n ; tlirỵ  m ay in ílu e n c e  or  
m o d iív  in testin a l a b so rp ú o n , b ind  lip ids as ih ey  m o v e  
from  the brush  b ord er m em b ran e to m icro so m es , or 
p o ss ib ly  p lay  a ro le  in  the h an d lìn g  o f  adaptation . 

lip id  rafts P lasm a m em b ran e m icro d o n ia in s en rich ed  w ith  
c h o le s te r o l and  g lv co sp h in g o lip iđ s;  scrve as cntrv rou tes  
for b acteria l to x in s  in  target ce lls . 

lip o g r a n u lo m a  T issu e m a ss co n ta in in g  lip id  v a cu o lcs  sur- 
ro u n d ed  bv m acrop h ages, ty m p h o cv ies . and  co lla g en  
íìbers.

lip o m a s  Rare b en ign  tu m ors o f  a d ip o cy ies  ih a i can o ccu r  
ih r o u g h o u t the g astroứ iteslin a l iracl from  ihe eso p h a g u s  
to the rectum .

lip o p o ly sa c c h a r id e  A lip id  c o m p o n e n t  oí the cell w all o f  
gram -n eg a tiv e  bacteria. 

l ip o p r o te in  recep to r  A c la ss o i rece p to ts  d em o n stra tin g  
a ffin itie s  lor ceria in  lip o p ro ie in s . Sonic, su ch  as ih e  lovv- 
d e n sity  lip o p r o ie in  receptor. c lu stcr  in co a ied  p its and  
p a rú cip a te  in the reg u la tio n  o f  ch o les tero l h o m eo sta sis . 
O th ers, su c h  as scav cn g er  reeep to r  tvpe RI and the A BC - 
type iran sp orters A B C -A l, A B C -G 5. and A BC -G 8, p lay  a 
ro le  in  ch o les tero l se c r e ú o n  a n d /o r  u p lake thai is no l 
fu lly  u n d ersio o d . 

l ip o p r o te in s  P arùcles carry ing  lìp id s  in b lood . L ip op rote in s  
c o n s is t  o f  e s ier ilìe d  or ú n esteriíìecl ch o les tero l, 11'iglvcer- 
id e s , p h o sp h o lip id s , and p rotc in .

lip o p r o te in  X An ab n orm al lip o p ro te in  ihat is rich in  íree 
ch o le s tero l and p h o sp h o lip id s . A ccu m u la tío n  o f  lipo-  
p rotein  X is n oted  in  ch o lcsta tic  liver d isease . Us 
p o te n lia l as an a th ero g en ic  p arù cle is as yet unclear. 

l ith ia s is  T he form ation  o í s to n e s  o f  am  k in d  (e .g ., 
g a lls lo n e s ).

l i th o g e n e s is  The form ation  o f s to n es  in the gallb ladder or
k id n evs.

l ith o to m v  B ody p o sit io n  in  w h ich  ih e  p a tien t lies  on  h ís/h er  
b ack  on  the e x a m in in g  table, vvith h ip s  and k n ees fullv  
R exed; a lso  ca lled  d orsosacral p o s it io n . For obstetric  
p roced u res , ih e  b u tto ck s are at the ed g e  o f the table and  
the feet are h eld  in stirrups. 

liv er  h io p sy  A proced u re in  w h ich  a n eed le  is  p laccd  in to  the  
livcr and a sm all p o rtio n  o f ihe iiv er  is rcm ovcd  for 
h is lo lo g ic a l exam in ation : m ost c o m m o n lv  d o n e  (hrough  
the sk in  as an ou tp a tien t p roced u re. 

l iv e r -b o w e l tran sp lan t T he co m b in ed  s im u lia n e o u s  trans- 
p lan ta tion  o f a liver and je ju n o -ile u m , requ iring rem oval 
o f  ih e  native liver. 

liv er  se g m en t A ny p o rtio n  o f  thc liver d c íin ed  hy an 
in d ep en d e n t b lo o d  su p p ly . 

lo b e c to m y  T he e x c is io n  o f  a lobe o f  an organ , e .g ., liver. 

lo n g e v ity  T he len gth  I)f lim e  an in d iv id u a l survives; íor  
h u m an s, 120 years is consic lered  th e  m axim al life span . 

lo o p in g  A su b o p lim a l cu rvaiu rc o i the c o lo n o sc o p e  vvithin 
thc c o lo n , m akin g  it diH ìcuh to ad van cc ihe co lo n o -  
scop e .

lo w -d e n s ity  lip o p ro te in  (LD L) T he m ajor carrier o f  ch o les -  
tcrol in p lasm a o f  h un ians. LDL is íorm cd  p red o m in a n ily  
írom  v ery -lo w -d e n s ity  lip o p r o le in  as a result o l catabo- 
lism  o f  the co re  trig lycerid e, a n a la g o u s to the íorm ation  
o f  ch y lo m ic r o n  rem nants. 

lo w er  e so p h a g e a l sp h in c te r  A ring o f  circu lar m u sc le  that 
c lo se s  ihe oriíice  b e lw een  the e so p h a g u s and the 
stom ach .

lo w c r  g a str o in te sú n a l P ertain ing to  ih e  co lo n .

L p (a ) L ip op ro te in  A, a m odiR ed form  o f  LDL in \vh ich  a 
large g lv co p ro ie in  [a p o (a )l is co v a len tly  b ou n d  to the 
apoB. Serum  lev e ls  o f  Lp(a) are g en etica lly  d cfin ed . Its 
a sso c ia tio n  w ith  a th e ro sc ler o sis  is  not c o m p le te ly  
estab lish ed .

lu m e n  A cavity w ith in  a tubular organ . as in the
g a stro in iestin a l traci. 

lu m e n a l s u n 'c illa n c e  p e p tid e s  M o lc c u le s  that are co n sta m ly  
p resen t \v ith in  the gu l lum en; their p red o m in a n t role is 
to stirau late  repair a l s ite s  o f  in jiư y . a ctin g  in  a 
“surveillance"  íash ion . 

ly m p h  F ln id  that is co llec ted  [rom the t ĩssu es  th ro u g h o u t the 
h od v and transported  Via the K m p h a tic  v esse ls  to  the 
v e n o u s  b lood .

lv m p h a n g io m a  A vvell-c itcu n iscribcd  n o d u le  ol ly m p h a ú c  
vesse ls; llie v esse ls  van' in sizc , are u su a lly  greatlv  
d ila ted . and are tined  \v iih  norm al en d o ih c lia l cc lls . T hev  
arc m o st Irequem ly found in ih e  n eck , ax illa , arm, 
m csen ierv . and retrop eriton eu m .



ỉv m p h a tic s  V esse ls  thạt c o n ia in  or co n v e y  Ivm ph; lv m p h a tic s  
o f  the sm all in tc s t in e  are thc s ile  \vhere absorbecl fal is 
drained .

ly m p h o c y t ic  c o lit is  A c o n d itio n  o f  ch ro n ic  c o lit is , char- 
ạ cter ized  by  w aterv  d iarrh ea , n o  g ro ss rad iograp h ic  or 
e n d o sc o p ic  a b n o rm a litv , and b io p s ie s  sh o w in g  prom i- 
n en t in crease  o f  ly m p h o c y ie s  w ith in  the su ríace  and  
u p p er crvp i ep ith e liu m .

ly m p h o id  ío llic u la r  h y p e r p la s ia  Increased  grovvth and  
a b u n d a n ce  o f  ly m p h o id  íb llic le s , o íte n  se e n  in  p a th o lo g ic  
sp e c im e n s  o f  p a tie n ts  w ith  d iv ersio n  p ro c titis  and  co lit is .

m a g n etic  r e so n a n c e  ch o la n g io p a n c r e a to g r a p h y  V isu a liza -  
tion  o f  the b ile  c lu cis and p a n crea lic  d u ct, achiev.ed  
d u rin g  m a g n e tic  r e so n a n c e  im aging; d o es  n o t req u ire  
con irast m eđ iu m  to  he in ịe c te d  in to  the  d u cts. T he clucts 
are v is ih ìe  b e c a u se  o f  d iíĩe r e n c e s  b e iw e e n  the m ag n etic  
p rop erties o f  the  b iliary  /k p a n crea tic  ílu id  an d  su rro u n d -  
ing t issu es .

m ag n etic  r e so n a n c e  im a g in g  (M R I) A tech n iq u e  th a i is b ased  
o n  th e  in tera ctio n  b e tw e e n  an ex tern a l m a g n etic  íĩe ld  
and a n u c le u s  ih a t p o s s e s s e s  sp in . T h e p a tien t is ex p o se d  
Lo cn crgy  at a sp e c iíìc ,  co rrect ừ eq u en cy ; th is en ergy  is 
absorbecl an d  a sh o r t t im e  later is  re leased , at w h ic h  tim e
ii can  bo d etected  and  p r o c e sse d  to  y ie ld  in iages.

m ajor K is to c o m p a tib ility  c o m p le x  (M H C ) T h e g en etic  
rcg ion  o n  the sh o r t  arm  o f  c h ro m o so m e 6  e n c o d in g  
g ro u p s o f  h ig h ly  p õ ly m o r p h ic  su ríace  p ro te in s that arc 
e x p r ís sc d  on  ih e  su r ía c e  ol all Living c e lls  an d  thai are 
im portan t in a n tig e n  p resen ta tio n  and sh a p in g  o f  the  
im m u n e reperto ire.

m a la b so r p tio n  ĩm pairecỉ o r  in c o m p le te  ab sorp rion  o f  d ietary  
n u tricn ts by  the in ie s t in e ;  can resu lt from  any ab n orm - 
ality  in the p r o c e s s  o f  d ig estio n  an d /or ab so rp tio n  o f  
n u trients.

m a la d a p tív e  c o p in g  B e lie ís  a n d  stra teg ies o n  h o w  to  m aster  a 
crisis o r  a p ro b lem  that are n o t h e lp íu l or ev en  
c o u m e r p r o d u c tiv e , e .g ., catastroph izi.ng, in tern a liza tio n .

m a ld ig e s t io n  D íso r d e r  o f  th e  p ro cess  vvhercbv in g esteđ  fo o d  
is co n v er ted  in to  m ateria l su itab le  for a ss im ila tio n  by the  
g a stro in testin a l m u co sa .

M alloryA V eiss tear A traư m atic lear o f  the lin in g  o f the  
low er e sọ p h a g u s or u p p er  s to m a ch , o íten  ca u sed  by  
v om itin g .

m a n o m etr ìc  r eco r d in g  A grap h ic  m easu re o f  ch a n g es  in  
pressure in  lo c a liz e d  re g io n s  o f  the  d ig estiv e  tract, 
in d ỉca tin g  c o n tra c tile  b eh a v io r  o f  the m uscu latu re .

m a n o m eiry  E x a m in a tio n  m ea su r in g  p ressu re in  th e  gastro- 
in te stin a l traci.

m arasm u s G en era lized  starvation  w ith  lo ss  o f  b o d ỵ  fat and  
protein .

M arían sv n d r o m e  A h er ita b ỉe  d iso rd er  o f  the e o n n e c t iv e  
tissue (ca u sed  b v  a m u ta tio n  in  the Qbrillin g e n e )  that 
a ĩíccts m an y  organ  sv stem s.

m a rg in a l u tc e r s  P ep tic  u lcers  that o ccu r  at o r  near a 
su rg ica lly  crea ted  g a stro d u o d en o sto m y  or gastro jeju -  
n o sto m y .

m a ss  m o v e m e n t U ltrarapid p ro p u lsio n  o f  a large b o lu s  o f  
digesta over a sizable length of the small boweI or Cỡlon. 

m a st c e ll  A ce ll o f  h e m a to p o ie tic  or ig in  that m atu res vvithin  
t issu es and Functions in b o th  in n ate  and a cq u ired  
im rnunity  th ro u g h  the  re lea se  o f  m ed ia to rs o f  in íla m m a -  
t ion  ío llovv ing  sp e c iíìc  a c liv a tio n . 

m a st ic a tio n  T h e act or p ro cess  o f  c h e w in g  food. 

m a sto c y to s is  A co lle c t iv e  tern i for a g rou p  o f  rare d isord ers  
ch aracterized  by an a b n orm al a ccu m u la tio n  o f  m ast c e lls  
in  o n e  o r  m ore organ  svstem s. 

m atu rc  h e p a to c y te  A p aren ch ym al ep ith e lia l liv er  ce ll 
ex p ress in g  livcr g e n e s  e x p e c te d  in fu lly  d iíĩeren tia ted  
cells .

M c B u m e y ’s  p o in t  T h e p o im  in  the right lo w er  q u ad ran t o f  
m axim al ten d e rn ess  (o v e r ly in g  the a p p e n d ix ), c lescrib ed  
b y  C harles M cB urnev as b e in g  betvveen 1 .5 and  2 in c h e s  
from  the an terior  iliac  sp in e  a lo n g  the  o b liq u e  lin e  to  the  
u m b ilicu s .

M c e ll  A sp e c ia liz e d  Lype o f  ep ith e lỉa l m icro ío ld  c e ll  that is 
ío u n d  in the ep ith e liu m  o v er ly in g  organ ized  ly m p h o id  
ío llic le s  (P e y e r s  p a tc h e s) . E n d o cy to sis  and  tran sp ort o f  
in te siin a l m icrob ia i o rg a n ism s and  large m o le c u le s  from  
th e  lurnen in to  the u n d er ly in g  ly m p h o id  tissu es  are the  
m ain  íu n c tio n s  o f  M cells . 

m e c h a n o r e c e p to r s  M o le c u le s  o n  se n so ry  n eu ro n s ih a i d e tec t  
and  sign al m ech a n ica l cn erg y  ch a n g es su c h  as co n tra c tile  
ten sio n  or stretch  o f  a m u sc le .

M eck eP s d iv e r t ic u lu m  A 2 -cm  to 6 -c in  o u tp o c k e t in g  o f  the 
i le u m  a lo n g  the a n tim esen ier ic  b ord er, u su a ily  loca ted  
5 0  to  1 8 0  c m  p ro x im a l to  the ile o c e c a l valve. 

m c c o n iu m  A dark  g reen ish  m ass o f  d esq u a m a ted  ce lls , 
m u cu s, and  b ile  that a ccu m u la tes  in  the íetal b ơ w e l and  
is  typ ica lly  d ischargccl sh o r tly  a íter b in h ,  

m ed u lla ry  th y r o id  c a rc in o m a  A m align an t tu m o r o f  the  
thyro id  g land; the  m o st co m  m o n  tu m or ío u n d  in  
m u ltip le  en d o cr in e  n eo p la sia  Ịyp es 2a and 2b. 

m eg a co lo n  A  c o n d itio n  in w h ic h  the c o lo n  h as ab n o rm a lly  
large d im e n s io n s .  

m e g a lo b la s t ic  a n em ia  A n em ia  ch a racterized  by  p erip h era l 
m a cro cy to sis  and b o n e  m arrow  co n ta in in g  m eg a lo b la sts  
d u c to im p a ired  D N A  sy n th e sis . C ob a lam in  d e íìc ie n c y  
a lo n g  vvith ío la te  d e íic ie n c y  lea d s to th is  c o n d itio n .  

M eig ’s  sy n d r o m e  A triad o f  b en ig n  ovarian  fibrom a w ith  
a sc ites and  r igh t-sid ed  p leu ra l e ffu sio n .

M e is s n e r s  p le x u s  T he n e tw o rk  o f  n eu ro n s loca ted  w ith in  
the su b m u co sa  o f  the g a stro in testin a l tract; prim arilv  
in v o lv ed  w ith  the tra n sm iss io n  o f  se n so ry  in ío rm a tio n  
b e tw e e n  ih e  C entra l n e rv o u s  sy s te m  a n d  th e  p e r ip h e ra l  
encỉ organ.

m e le n a  T he p a ssa g e  o f  dark b la ck  s to o l, r ep resen tin g  b lo o d  
typ ica lly  from  an  u p p er g a stro in tcstin a l sou rce .

M E N  A sy n d ro m e a sso c ia ted  w ith  m u ltip le  en d o cr in e  
n eop la sm s; three types are reco g n ized  (1 , 2a, an d  2b)



and ty p e s  1 and 2a are a sso c ia ted  w ith  hvperparathyr- 
o id ism .

M e n e tr ie r s  d ise a s e  A form  o f  g a sư o p a lh y  characterized  by  
h y p erp la sia  o f  the lin in g  ep ilh e liu m  and h yp ertrop hy o f  
the m u c o sa , w ith  or w ith o u i ín íla m m a tio n  (gastritis). 

m e n in g o c e le  (m e n in g o in e lo c e le )  F ailure o f  c lo su re  o f  the 
sp in a l c o td  in  the lo w er  back  that resu lls  in  a protrusion  
o f  sk in  cơ n ta in in g  sp in a l tissue. 

m e se n te r o a x ia l g a slr ic  v o lv u lu s  A c o n d ilio n  in w h ich  the 
s to m a ch  fo ld s u p on  itseir  a lo n g  i ls  sh ort axis. 

m e se n te r y  A d o u b le  laver o f  p cr ilo n eu m  attached  10 the  
a b d o m in a l w all, e n c lo s in g  in  its íok l certain  organs o f  the 
a b d o m in a l viscera. 

m eso ca v a l sh u n t  A su rg ica lly  created  shunt p r o m o lin g  llow  
from  th e  su p erior m esen ter ic  ve in  in to the in íer ior  vena  
cava , b y p a ss in g  an o c c lu d e d  h ep atic  ou tflo w  tract. 

m e so d c r m  O n e o f  the three germ  lavers form ed by ihe  
p r o c e ss  o f  g a siru la tion . M esodern ial c e lls  give rise to 
m esen ch y m a l tissu e  and the m u sc le  layers o f  tbẹ  
g a sư o im e s tin a l tract. 

m e so th e liu m  A layer o f  c e lls  lin in g  an  in lernal cav iiy  o f  the  
b o d y , su c h  as the p eriton ea l 01 pericarclia] cav ities. 

m e ta -a n a ly sis  T he an alysis o f  co m b in e d  data from  m u liip le  
ep id e tn io lo g ic a l s lu d ie s , [or the p u rp ose  o f in legra tin g  the 
íìn d in g s; o ften  u sed  to in crease statistica l p ow er a n d /o r  
p ro v id e  a broader perspective . 

m e ta b o lic  p a n crca titis  A pan creatic  d isord er re la ied  to 
a b n o rm a liú es  su ch  as h yp erlip id em ia  <>r hypercalcem ia; 
can  c a u se  a cu ie  or recu rren t p an crea litis  but is cx lrem ely  
rare in  p ed iatr ics. 

m eta c erca r iạ  An en cy sted  ư e m a io d c  stage; the liie  cycle  
c o n t in u e s  fo llo w in g  c o n su m p tío n  by a d e íĩn itiv e  host. 

m c ta c h r o m a s ia  T he resu lt ob ta in ed  \vh en  a sta in  is app lied  
to  c e lls  or tissu es and g iv es a co lo r  d ifferen i 1'roni that o f  
the sta in  so lu tio n . 

m e ta c h r o n o u s  n e o p la sia  T u m ors (a d en o m a s, a d en ocarcin o-  
m as, or  a co tn b in a tìo n  o f b o th ) that arc d iagn o seđ  at 
d ifferen t p o in ts  in  tim e; in  c lin ica l p ra c iìce , m eiach ro-  
n o u s n eo p la sm s m ay reíer to nevvly íorm ed  and n ew ly  
d isco v e red  tum ors. 

m cta p la s ia  R cversib le ch an ge ỉn  w h ich  one adult cell type is 
rep la ced  by another adult cc ll type ihat is n o t n o n n a llv  
presen t in  that area; m ay rep resen t an adaptive su b stitu -  
tion  o f  c e lls  in  resp o n se  to en v iro n m en ta lly  m ed iated  
ìn jury. T he Rncling o f  m etap lasia  can serve as a m arker 
that th e  p atien t has a ch ron ic  iriílam m atory lesion ; if 
p ersisten t, cancer tran síorm alion  m ay occu r. 

m e th o tr e x a te  (M T X ) A d ih y d ro fo la te  red u ciase  inh ib iior. 
M TX and  its m eta b o liies  in h ib it the en zy m es resp on sib le  
[or fo la te m etab o lism  thai, resu k  in  an ti-p ro liferative  and  
c y lo to x ic  effects o n  h e m a to p o ie ú c  ce lls . H as been  used  
vvúh so m e  efficacy in  C r o h n s  d isease. 

m e th y la iio n  T he p ro cess o f  ad d in g  a m ethvl grou p  o n to  an  
e x is iin g  m o lecu le  o f  a base pair ihai ch a n g es (o íten  
im p e d e s)  ih e  ab ility  o í nuclear e n :v m e s  lo  "read" ihe  
g e n e t ic  cod e.

m eth y lm a lo n ic  acid  (M M A ) A m eta b o lite  oi' m eth y lm a lo n y l-  
co en zy m e A I thai is ex cre ted  in the urine. C obalam in  
d eíic ien cv  lead s to thc a ccu m u la tio n  o f  MMA; m easu re-  
m ent of MMA in p lasm a is u ú liz e d  íor the d ia g n o sis  o f  
cob alam in  d eá c íen cy .  

m ic e lle s  Structures form ed  bv a sso c ia tio n  o f  b ile  sa lts and  
co n ia in in g  fat d ig estio n  P rod ucts; ío u n d  in  the lu m e n  o f  
ihe sm all in testine . 

m icroh am artom a A rare, b en ign  le s io n  o f  h ep ato cy tes and  
biliary ep ith e liu m  en ca sed  by a R brous strom a. 

m ic r o lith ia sis  M icroscop ic  p rec ip ita ie s  in  b ile  that can  be 
visualized  w ith  u llraso n o g ra p h y  or b ile  m icroscop y . 

m icro sa tc llite  A short, repelitive DNA sequence; repeats 
con sis i m o s l c o m m o n ly  o f  m o n o n u c le o t id e  repeals, 
d in u c leo tid e  repeats, tr in u c le o iid e  repeats. or o cca sio n -  
ally tetranu cleotid e or p e n ta n u c le o lid e  repeats. P o ly(A ) 
or d in u c leo tid e  repeats are the m o sl com ra o n  o f  ih ese . 
T h ese  rep etitive se q u e n c e s  arc h ig h ly  p ron e to in ser tio n  
or d ele tio n  m u ta iio n s d u r in g  D N A  rep lica tion , and  
require D N A  m ism atch  repair activ ity  íor faithfi.ll 
rep lication .

m icro sa te llite  in s ia b ility  M u taú on a l sign a tu re  in w h ich
u b iq u ito u s errors are seen  in  rep etitive  D N A  se q u en ce s  
as a co n se q u en ce  o f  lo s in g  m ism a tch  repair acliviLy. 

m icro sco p ic  c o l i l is  A syn d ro m e of vvatcry d iarrhea w ú h  
co lo n ic  m ucosa l a h n o rm a lilie s  ihat in c lu d e  the h isto lo g ic  
features o f  e ith er co lla g en n u s co lit is  or ly m p h o cy tic  
co litis .

m icrosom al tr ig ly cer id e  tra n sler  p ro ie in  (M T T P) A rcsident
en d op lasm ic  re licu lu m  p ro ie in  that is a b so lu ie ly  
required ior the transíer o i c o m p le x  lipicl lo  the gro w in g  
p o lyp ep tid e  ch a in  o f  a p o lip o p r o te in  B. D e ỉe c ls  in the  
gen e en co d in g  M TTP resull in the a u tosom al recessive  
disord er ab eta lip op rote in cm ia . 

m ic r o so m e s  Sm all particles in  the cy to p la sm  ol a ce ll, 
ivp ica lly  c o n s isù n g  o í  tragm cnled  e n d o p la sm ic  reticu - 
lum  lo w h ich  rib osom es are a tlach ed . 

m icro v illi F in ger lik e  e x te n sio n s  a lo n g  the ap ical surface o f 
in testina l m u co sa l cells. O n e n ie r o c y te s , m icrov illi 
increase the absorptive su ríace  o f  the cell; on  en d o cr in e  
ce lls , m icrovilli a !low  p otentia l stim u lì greater ex p o su re  
to their targets (e .g ., receptors). 

m id-arm  m u sc le  c ircu m feren ce  (M A M C ) An in d ex  o f  body  
m ass d erived  hy m easu rin g  the tricep s sk in lo ld  (TSF) 
and m id -u p p cr arm  c ircu m ỉeren ce  (A C ) m ithvay bet- 
vveen the sh o u ld ers  and the c lb ow . 

m igratin g  m otor co m p lcx  A sp cc iíic  paitern  o f  sm all 
in ie sú n a l m otility  that b eg in s w h en  d ig estio n  o f  a m eal 
is co m p le ie  and en d s \v iih  the in iak e o f  the next m eal. 
Chai'acLcrized by three successivc patterns of contrac- 
tion s (P hases I. 11, and III) thai arc cv c lica llv  recu rrin g  as 
lo n g  as íastin g  is n ia in ta ined  anu llia l d isap p ear after 
ea lin g . A lso  called  in tcrd ig estiv e  m o tility  corap lex . 

m ilk  in to ler a n c e  C lin ical sy m p to m s in d u ced  by the in gcstio n  
o f m ilk; can he d u e to e itlier  la c io se  in lo lera n ce  or  m ilk  
p roiein  allcrgv.



m in i-p er ío ra lio n  A  sm a ll ren t in  the  b o w e l, vvhich ty p ic a lly  is 
co n ta in e d  by the  o v e r ly in g  o m en tu m  an d  h ea ls  vvithout 
the neecl for su rg ic a l repair. 

m ừ a c id iu m  A c iliạ te d  larval trem atod e stage th a i is re leased  
from  ih e  egg.

M irizz i sy n d r o m e  O b stru c tio n  o f  the c o m m o n  h ep a tic  d u ct  
clue to ex tr in sic  p ressu re  b y  a s to n e  in  the  cy stic  clucl or  
the ga llb lad d er n eck . 

m ism a tch  repair g e n e  A g e n e  resp o n s ib le  íor rcp a ir in g  sm a ll 
D N A  errors or m ism a tc h e s  th a i o ccu r  d u r in g  D N A  
rep lica tion .

m isse n s e  m u ta tio n  A m u ta tio n  ih at ch a n g es  a c o d o n  for a 
sp e c iíìc  a m in o  a c id  to  a d ifferen t a in in o  a c id  a n d  resu lts  
in a ch a n g e  in th e  a m in o  acid  se q u en ce  o f  a p ro te in . 

m ito c h o n d r io n  (pỉ. m ito c h o n d r ia )  A sp h erica l or e lo n g a ted  
o rg a n elle  in  the  c y to p la sm  o f  the  c e ll , c o n ta in in g  g e n e tic  
m aieria l and m any e n z v m e s  im p o rta n l ío r  c e ll m ctab o-  
lism , in c lu d in g  th o se  r e sp o n s ib le  for the c o n v e r s io n  o f  
foođ  to  u sab le  en ergy . 

ìn ito g en -a ctiv a ted  p r o te in  (M A P ) k in a se s  E n zy m es in vo lvecl 
in the ir a n sm iss io n  o f  s ig n a ls  from  c y lo k in e  an d  o th cr  
r ecep lo rs to d o w n strea m  tran scrip tion  íactors. 

m ix ed  d ia p h r a g m a tic  h e m ia  A c o m b in a tio n  o f  s l id in g  and  
p araesop h agea l h ern ia . 

n iix ed  d y sr h y th m ia s  G astrìc d y srh y th m ia s ch a ra cter ized  by  
in ierm iiten t braclygastria and  tachygastria . 

m ix ed  h e p a tit ís  A  c o m b in a tio n  o f  c y lo ly đ c  a n d  e h o ỉe s ta t ie  
h ep atitis.

Ịtiix in g  m o v e m e n ts  T h e  s p e c ií ic  p a t te r n  o f  sm a ll  in tc s t in a l  
m otility  that starts vvith the  in g estio n  o f  a m ea l and  
ac-com plishes m ix in g  o f  the  c o n te n ts  in  the  lư m en . 

m olecu la r  c h a p e r o n e s  ln tr a ce llu la r  h elp er  p r o te in s  that 
assist in the p ro p er  ío ld in g  o f  p o ly p e p tid e s  in to  their  
íu n ctio n a l stru ctu res. 

m o n o g e n e á n  O f a p arasite , h a v ín g  a s in g le  host. 

m o n o sy n a p tic  sp in a l r e f le x  A n eu ra l re ílex  c ir c u it  in  the 
sp inal cord  c o n s is ũ n g  o f  a se n so ry  n eu ro n  and a m o to r  
n eu ro n  w ith  a s in g le  sy n a p tic  c o n n c c t io n  b e tw e e n  the  
tw o.

m o n o x e n o u s  O f a p arasite , req u ir in g  o n ly  o n e  h o s t  to 
co m p le te  the  en tire  life cy c le . 

m orbid  o b e s ity  A se v ere  form  o f  o b e s ilỵ  that is  íreq u cn tly  
a ssoc ia ted  w ith  a variety  o f  c o n d itio n s  su ch  as d ia b etes, 
heart clisease, and  h y p e r te n s io n . A ny p erso n  w ith  a b o d y  
m ass in d ex  eq u a i to  or grea ter  than  4 0 k g /m 2 is  co n -  
sidered  m orbicìly  o b ese .

M orgagni h ern ia  A d ia p h ra g m a tic  d e íe c t  in  the a n terior  ch est  
at the stern o co s ia l ju n c t io n s . 

m o tilin  A h o rm o n e  r e lea sed  by e n tero en d o cr in e  c e lls  in  
the gut.

moúlity See GASTRƠINTEST1NAL MOTỈLITY. 
m o io r  n e u r o n s  N e u r o n s  vvith c e ll  b o d ie s  ỉo c a te d  in  the 

m yen teric  p le x u s  an d  a x o n s  p ro ịec tín g  lo  lo n g itu d in a l 
and  c ircu lar m u sc le  layers. 

m u cin  A p ro te in  that h as m a n y  carbohydrate m o le c u le s  
co v er in g  ils  su rỉace; the d o m in a n t p ro le in  o f  m u c o u s .

m u c o sa  T he m ost h ig h ly  cliiĩerentiated  layer o f  the gastro -  
in testin a l tract, co m p r isin g  the e p ith e liu m , b a sem en t  
m em b ran e, lam in a  propria , and  layer o f  sm o o th  m u sc le  
k n o w n  as m u scư la r is  m u co sa e . T issu e  sp e c ia lỉz a t io n  and  
su ríace  shape are corre la ted  w ith  íu n ctio n a l d ifferen tia -  
t io n  a lo n g  th e  tract. 

in u c o sa -a sso c ia te d  ly m p h o id  t is su e  (M A L T ) An organ izecỉ 
im m u n e  system  ío u n d  in  m u c o sa l s ite s . G u t-a sso c ia ted  
ly m p h o id  t issu e  is  a c o m p o n e n t  o f  M ALT; th ese  are 
in d u c tiv e  s ite s  w h e r e  lu m in a l a n tig en s are p ro cessed . 

mucosa-associated iymphoid tissue (MALT) lymphoma A 
lo w -g ra d e  prim ary B -cell gastric ly m p h o m a  a sso c ia te d  
w ith  Helicobocter pyỉori in ícc tio n ; a M A L T -like orga n iza -  
t io n  o f  the sto m a ch  ỉs  in d u c ed  bv ch ro n ic  g a slr ic  
in íla m m a tio n  an d  d e v e lo p m e n l o f  lym p h om a. 

m u c o sa l P ertain ing to  the m u co sa l layer. 

mucosal eosinophilic gastroentcritis An eosinophilic infìl- 
tration  p rim arily  in  the m u cosa l layer, r e su ltin g  in  
v o m iú n g , d iarrhea, and  a b d om in a l pain . 

m u c o sa l h o m e o s ta s is  A c o m p le x  array o f  p r o te c tiv e  
m ech a n ism s co o rd in a ted  b y  neural and o th er  c o n tr o l  
sy s te m s to  e n su re  ihat the  m u c o sa  su rv iv e s  u n d a m a g ed  
the  o n sla u g h ts  that o ccu r  d u rin g  d ig estio n ; the  g astro -  
in te stin a l m u co sa  is en d an gered  by to x ic , a n tig e n ic , and  
p a th o g en ic  íoocl in g red icn ts as w e ll as by p o te n tia lly  
h arm ĩu l secreto ry  p ro d u cts su  ch  as p ep sin  an d  aciđ . 

m u c o sa l ín te g r ity  p e p tid e s  M o le c u le s  thai arc co n st itu t iv e ly  
e x p ressed  in th e  n m c o sa  an d  vvhich íu n c tio n  to  m a in ta in  
n orm al m u c o sa l in tegrity . 

m u c o sa l r e s titu tio n  A n  early  p h a se  o f  g a sir o in tes tin a l 
m u co sa l repair w h ereb y  d am aged  c e lls  s lo u g h  o f f  and  
are rep laced  b y  v ia b le  ce lls . 

m u c o u s  (m u c u s)  c e l ls  Salivary g lan d  c e lls  thai sy n th e s iz e , 
s to re , and  se cre te  large a m o u n ts  o f  m u c in s . 

multiacmar necrosis A hỉstological pattern of severe liver 
in flam in ation  in  w h ich  the inO am m atory in filtrate and  
ev id en ce  o f  h ep a to c y te  d am age ex ten d  a cro ss and  
co lla p se  lo b u le s  o f  liver tissue. 

m u ltid e te c to r  c o m p u le d  lo m o g ra p h y  (C T ) A n  a d v a n cem en t  
in h elica l CT in  w h ic h  m u ld p le  d e tecto rs, ra iher than  a 
s in g le  d e tecto r , are em p lo ỵ ed  to  acq u ire the data. T h is  
tech n o lo g y  a llo w s  for ílex ib ility  in  s lic e  ih ic k n e ss  and  
ĩaster sc a n n in g  ab ility . T h in n er s l ic e s  in crease  c liagn ostic  
ab ility  and  m ay b e u sed  as the so u r c e  data for a b road  
range o f  th r ee -d im en sio n a l ap p lica tio n s . 

m u ltio rg a n  fa iỉu re  M a líu n ctio n  p ro g réssin g  to c o m p le te  
ỉa ilure o f  v ita l organ s, o ccu rr in g  after sh o c k  and  
in íe c t io n  in a traum a patient. 

multiple endocrine neoplasia type 1 (M EN-1) An a u to so m a l  
d o m in a n tly  in h e r ite d  clisorcỉer a sso c ia ted  w ừ h  e n d o c r in e  
tum ors o f  the  parathvro id , p itu itary , and  e n d o c r in e  
p an creas, as w e ll  as in so m e  p atien ts  vvith tu m o rs o f  
o th er  e n d o c r in e  g la n d s and  sk in  m a n iíe s ta tio n s. 

multivisceral transplant T ran sp lan ta tion  o f  the s to n ia c h , 
p an creas, and  sm a ll in te stin e , an d  so m e tim e s  o th e r  
organ s, vvhich m ay  in c lu d e  the liv er  a n d /or  k id n ey .



M ủ n ch a u sen  by p roxy  sy n d ro m e llln e ss  in ten tion a lly  
p ro d u ced  in a ch ild  by a p aren l w h o  w a n ts to be se en  
as co n c e r n e d  and  caring.

M tìn ch a u sen  sy n d ro m e S e lf-in flic ied  or feigned  illn ess in  an  
in d iv ìd u a l as a c o n sc io u s  a ttem pt to ga in  a tien tio n  and  
sy m p a th y .

m ural s tr a t iíĩc a tio n  C om p u ted  tom ograp h y  v isu a liza tio n  o f  
all ih ree  layers o f  the gut: m u cosa , su b m u co sa , and  
m u scu la r is  propria. M osl b en ign  ca u se s o f  gastro in test-  
in a l p a lh o lo g y  result in  m ural ih ick en in g  o f the gut w ilh  
p reserv a tio n  o f  m ural stra tiíìca lion . M alignanl d isord ers  
g en era lly  cau se w all th ick en in g  w ith  lo ss  of m ural 
stra tificaù on .

m u sc a r in ic  re c e p to r s  R eceptors for a c e lv ld io lin e  present in  
sa livary  g lan d  ce lls  that act (o in crease  in tracellu lar
Ca

m u scu la r  e o s in o p h ilic  g a stro en ter it is  E o sin o p h ilic  in llltra- 
l io n  e x te n d in g  in to  the m u scu lar  layer o f  ihe gastro- 
in te stin a l tissu es , resu ltin g  in o b stru ctive  sy m p to m s and  
str ìctu re  íorm ation . 

m u sc u la r is  e x te m a  S m ooth  m u scle  layer su rro u n d in g  the  
m u c o sa  and su b m u cosa . Il is co m p o sed  o f  an inner  
circu lar  an d  ou ter  lo n g ú u d in a l layer, w h ich  lu n ctio n  in 
co o r d in a tio n  to p rop el and m ix lu m in a l con ten ts. 

m u ta g e n ic  O f or p erta in in g  10 any ch em ica l or p h ysìca l 
e n v iro n m en ta l agent capable o [  in d u c in g  gen etic  m uia-  
tio n s  or in creasin g  the m u ia ú o n  rate. 

m u ta tio n  A perm an en t tran sm issib le  ch an ge in the g en e lic  
m ater ia l, u su a lly  in a s in g le  gene.

M ycobactehum  avium  c o m p le x  A rnem ber o f  the Mycobac- 
Lerium íamily thai eauses dilTuse svstemic inlecúon in 
im m u n o co m p r o m ised  patients; can  lead  to cach ex ia , 
fever, and  vveight loss.

M ycobacterium tuberculosis A n acid -fast in tracellu lar bacier-  
iu m  that ca u ses lu b ercu losis . T he prim ary site  o f  
in íe c t io n  is the lư n g  b u t in fectĩo n  can in v o lv e  ih e  
g a stro in testin a l tract and can spread  th rou gh ou t the  
b o d y , w h ere  ít is lerm ed  m ilìary tub ercu losis. 

m y e n te r ic  p le x u s  (A u erb ach ’s  p le x u s )  A  sy s iem  o f n erves  
and  gan g lia  ly in g  vvithin the lo n g itu d in a l and circu lar  
rnuscle  layers o f  the in testin e . T he nerves o f  the system  
in n erv a te  n u m ero u s targets, in c lu d in g  the m yen ter ic  
ex tern a , m u cosa , and svm p a th etic  prevertebral ganglìa . 

m y o ca rd ia l in fa r c tio n  B lock ad e o f  b lo o d  ÍIovv in on e or m ore  
m ajor v e s se ls  o f  the heart. 

m y o ca rd ia l is c h e m ia  R educed  b lood  flow  to the heart. 
m y o c lo n u s  Rapid in vo lu ntary  a h ern a ie  m uscu lar co n -  

tra ctio n s and re laxation s resu ltin g  from  paroxysm al 
o u tf lo w  [ro m  th e  C en tra l n e rv o u s  sy s te m  10 th e  in v o lv e d  
m u sc les .

m y o e p ith e lia l c c lls  C on traclile  c e lls  w ith  branch ing pro- 
c e s se s  su rr o u n d in g  en d -p ieces; their  co m ra ctio n s  force  
sa liva  from  the en d -p iec es  in lo  the ducts. 

m y o g e n ic  O rig in atin g  in the m uscu la tu re  o f  an organ. 
m y o p a th ic  P erta in in g  to d iseases o f  [he m uscu lature . 
m y x e d e m a  T h vroid  d e íic ien cy  in ad u lts a sso c ia ted  vvith sk in  

an d  soft tissu e  edem a; gen era llv  u sed  lo  c o n n o ie  a m ore

severe  (a d v a n ce d ) ca se  o f  h y p o th y ro id ism  w iih  accu m u -  
la ú o n  o f  m u co p o ly sa cch a r id e  m aterial in  so ft  ú ssu es, 
bod v  ca v ities , and  organs.

n a so g a s ir ic  tu b e  A lo n g , th in  tube that is  in serted  through  ihe
n o se , d o w n  th e  throat, and in to  the sto m a ch  for the  
p u rp ose  o f  in tr o d u c in g  lìq u id  n ou rish m en t (tu b e  íeed in g ). 

n e c r o s is  D eath  o f  c e lls  or tissu es th rou gh  in ju ry  or d isease. 
n e c r o tiz in g  e n te r o c o lit is  E xten sive  u lcera tio n  a n d  n ecrosis  

of the ile u m  and  co lo n  in  p rem a lu re  in fan ts in the  
neonata l period; p o ss ib ly  due to p erinatal im estina l 
isch em ia  and b acteria l invasion . 

n e e d le  b io p sy  A su rg ica l p roced u re to o b la in  tissu e  irom  
deep  w ith in  the b o d y , e.g . liver  tissu e , bv in ser tin g  a 
sp ec ia lize d  n eed le  through  the sk in . 

n ega tiv e  a p p e n d e c to m y  R em oval o f  a g ro ssly  a n d  h isto lo g i-  
ca lly  norm al a p p e n d ix  w h en  a p p e n d ic iú s  is  ex p ected . 

nematode A nonsegmented roundworm of Lhe phylum 
N em atod a; m ay  be free-liv in g  or  parasitic. 

n eo a d ju v a n t B eíbre surgery; preop erative. 
n eo a d ju v a n l th era p y  A can cer ư ea tm e n t sư a te g y  o f  pre- 

o p eratìve  a d m in is tra lio n  o f  ch em o ra d ia tio n  aim ed at 
in crea sin g  th e  n u m b er  o f p a tien ts  able to  co m p le te  
m u ltim o d a líty  therapy. 

n e o a n g io g e n c s is  G row th  o f  n cw  b lo o d  v e sse ls  in  tissues. 
n e o p la sia  T he p a th o lo g ica l p ro cess that re su lts  in the 

ĩò rm a iio n  and g ro w th  o f  a lum or. 
n e o p la sm  A b n orm al t lssu e  grow th  ihat is u n co n tro lled  and  

P ro g re s s iv e  b u i  c a n  b e  e i th e r  b e n ig n  o r  m a líg n a m . 
n e o p la st ic  D escr ib in g  rapìdly g r o w ia g  c e lls  th a i are 1101 

n ecessa r ily  tran síorm ed . 
n e st in  An in te rm ed ia te  íìlam en t p ro te in  ch aracterisiic  o f  

u n d ilĩer en tia ted  c e lls  d u r in g  c o n ic a l  and  en ter ic  n ervou s  
sy s iem  d e v e lo p m e n l.  

neural c r e s t  A n e c io d erm a l em b ry o n ic  stru c iu re  ihat arises  
from  ih e  n eu ra l p r im o rd iu m  lateral bord ers vvhen they  
form  Lhe n eural tub e. 

neu ral crest  c e l ls  C ells  o r ỉg in atin g  ìrom  the n eu ra l crest, a 
su b p o p u la lio n  o f  w h ic h  m igrate in to  the w a ll o f  the  
đ e v e lo p in g  in te s t in e  an d  are the so u rce  o f  v irtu a lly  all 
n eu ro n s an d  g lia l c e lls  oi' the perip h era l n erv o u s system . 

n eu ral tu b e  d e fe c l A co n g en ita l d e ĩe c l  ol the n eu ral tissue  
a ffectin g  Lhe sp in a l cord , sp in e , brain , and  sk u ll, 
resu ltin g  in  m iscarriage , fetal or n eo n a ta l d ea lh , or 
disab ility .

n eu ro cr in c  a c t io n  A ctiv ity  e lic ited  [rom a n eu ron  in  response  
10 íactors re lea sed  bv an ad jacen t ce ll or n eu ro n e . 

n e u ro d eg en cra tiv c  d is e a s e  A nv slovvly Progressive clisease in 
the C en tra l or p erip h era l n erv o u s sy s iem  rcsu h in g  from  
n eu ron a l d am age an d /or  n eu ron al deaih . 

n eu r o e n d o c r in e  s v s t e m  A n  arrạy oi c e lls  vviih b oth  neural 
and e n d o c r in e  ch aracteristics; th o u g h t 10 arise  from  ce lls  
that m igrate  from  the dorsal n eu ral crest area o f  the 
evnbrvo d u r in g  em b ry o lo g ica l d e v e lo p m e n i.  

n c u r o e n d o c r i n e  lu m o r s  G row th s that m av o c c u r  in m anv  
tissu es  th r o u g h o u t the b od y , p ro d u ce  a varieiv  of



p e p lid e s  and o th e r  a g en ts, so in e  oi w h ic h  are b io lo g ica lly  
a ctiv e  and p r o d u ce  d is t in c liv e  h o rm o n a l syn d rom es. 
T h ese  in c lu d e  ca rc in o id  tu m ors, p h eo ch ro m o cv to m a s,  
p a n creaú c is le t  c e ll tu m o rs, and m ed u lla ry  carcin om a o f  
the ihvroid .

n e u r o lc p ú c s  D ru g s u sed  to  treat v a r io u s p sych iatric  
d isord ers in c lu d in g  sc h iz o p h re n ia . 

n e u r o ly s is  D estru c tio n  o f  n erv es 10 p ro d u ce  pain  relìeí 
n e u r o m e d in  B A 1 0 -a m in o -a c id  m a m m a lia n  p ep tíd e  iso la ted  

from  p o rc in e  sp in a l cord  ih a l resem b les  the lrog  
p ep tid es , ra n aten sin  an d  litor in . 

n e u r o m o d u la to r  A su b s iạ n c e  thaI ca n  a ller  th e  release or 
effect o f  a n e u r o ir a n sm iu e r . 

n e u r o p a th ic  P erta in in g  to d iso rd ered  fu n c lio n  ca u sed  by  
d isea se  or m a líu n c tio n  o f  the n e r v o u s sy s iem . 

n e u r o p e p tid e  A sh o r t ch a in  o f  a m in o  a c id s  tha i is ex p ressed  
by sp ec iR c n eu ro n s an d  se rv es as an ex iracellu lar  
m essen g er  o f  th o se  n eu ro n s. 

n e u r o tr a n sm iite r  A ch em ica l re lea sed  bv  n eu ro n s in the 
brain or p erip h era l n e r v o u s  sy stem  to co m m u n ica te  w ith  
oth er  n eu ro n s. 

n e u tr o p e n ic  D e íic ie n l in n eu tr o p h ils . 
n itr ic  o x id c  (N O ) A gas p ro d u ced  by c e lls  o f  the  brain , b lood  

v esse ls , and the  im m u n e  syste in ; it m eđ ia tes sm o o th  
m u scle  re la x a tio n  Lhrough a c tiv a tio n  o f  gu anylate  
cyclase  and  p r o d u c tio n  o f  cy c lic  GM P. 

n ilr ic  o x id e  sy n th a se -2  A p ro te in  that p r o đ u c e s  abu n dan t  
b a cterk id a l n itr ic  o x id e  in resp o n se  to  ìn ílam m ation . 

n itr ic  o x id e  sy n th a se -3  A p ro te in  tha i c o n lin u o u s ly  pro- 
d u c c s  sm all a m o u n ls  o í  n itric o x id e  to  n ia in la in  norm al 
blood pressurc. 

n itro g en  b a la n ce  T he n e t đ ifl'erence b e tw e e n  in tak e o f  
it ìtro g en o u s so u rc es  o f  n u tr ien ts an d  n itrogen  lo sses, 
p rin c ip a lly  in  the  u r in e . N itro g en  in ta k e  is  estim ated  by  
p rotcin  in tak e in gram s d iv id ed  by 6 .2 5 . T h e  24 h  urinary  
urea n ilr o g e n  e x c r e tio n  in  g ra m s p lu s  4  is used  to 
estim a te  n itr o g e n  ou tp u t. 

n o c ic e p t iv e  D eser ib in g  an u n p leasan t or p a in fu l sensa tion . 
n o c ic e p to r  A recep tor  o n  a se n so r y  n erv e  tha i s ign a ls pain  to 

the C e n t r a l  n e r v o u s  sy stem . 
n o ctu r ia  E x c ess iv e  u r in a lio n  a l n igh t.
N O D 2  A g en e  w ith in  the IBD1 lo c u s  tha i h as b e e n  asso c ia ted  

w iih  CrohtVs d isea se . Lt c o d e s  for a p ro te in  in v o lv ed  in  
the ĩn n a te  ìm ra u n e  resp o n se  to b acteria l p ro d u cls . 

n o d o se  ga n g lia  S en so ry  ga n g lia  c o n ta in in g  the ce ll b o d ies o f  
a líeren t n eu ro n s that in n erv a te  the th o ra c ic  and ab d om - 
inal v iscera. T h ese  n eu ro n s p ro ject centraỉỊv  to m ake  
svn ap tic  c o n n e c ú o n s  in  the n u c le u s  o f  the tractus 
so lìta r iu s an d  p er ip h era llv  to  term in a te  in  ih e  v iscera . 

n o n -b eta  is le t  c e l l  lu m o r s  P an creatic  e n d o cr in e  tum ors  
a risin g  from  c e lls  o th e r  than  the  ín su lin -p r o d u c in g  beta  
ce lls  o f the is le ts  o f  L angerhans. 

n o n c a sc a t in g  g ra n u lo m a  A n a g g reg a ú o n  o f  ep ith e lo id  m acro- 
p h a g es, ly m p h o c y te s , and  m u lt in u c le a te d  g ian t cells. 

n o n co n tra st  c o m p u te d  to m o g ra p h y  (C T ) s ta n s  Im ages 
o b ta in ed  o n  CT w ith o u t  in tra v a scu la r  or in tra lu m en al 
contrast m ateria l. T h is  is  a g o o d  le c h n iq u e  for ev a lu a ú n g

k id n ey  and ureLer s to n e s  but lim its  the se n s iú v iiy  ìn 
d e te c tin g  g a sir o in ies tin a l p a ih o logy . 

n o n k c to t ic  h y p ero sm o la r  S t a t e  A sv n d ro m e a sso c ia ted  vvith 
l i lt le  or n o  k eto a c id  a ccu m u la tio n  in  b lo o d , h y p erg ly ce-  
m ia, in creased  p lasm a o sm o la lity , and  n eu ro lo g ica l 
ab norm ality .

n o n n u c le o s id e  rev erse  tra n scr ip ta se  in h ib ito r  A c la ss  o f  
d ru gs u sed  in c o m b in a ú o n  as h ig h lv  a c liv e  a n ú re iro v ira l 
iherap y  to  treat HIV d isease . E xam p les in c lu d e  e fav iren z  
and nev irap in e. 

n o n s le r o id a l an tiin fla m m a to ry  d ru gs (N S A ID s)  C h em ica l 
compounds thaL are effective in reducing indammalion 
and treating pain and íever; can Căuse injury to the 
g a sir o in le s tin a l tract as their  p rin cip a l s id e  e ffec l. U n lik e  
g lu c o c o r lic o id s , N SA ID s d o  not im pact e n d o c r in e  and  
im m u n o lo g ica l (u n ctio n s and are ih cre io re  ía v o red  as 
th erap eu tic  a gen ts for lo n g -term  trea tn ien i o l ch ro n ic  
in flam m atory c o n d itio n s  su ch  as rh eu m a to id  arthritis. 
W id e ly  u sed  N SA ID s in c lu đ e  ox icara , sa licy la te  (á sp ir in ), 
a cetic  aciíl ( in d o m eth a c in , d ic lo íe n a c ), ĩen a m a te , pro- 
p ío n ic  acid  (ib u p ro íen , n a p r o x e n ), and  p yrazo le. 

n o n ty p h o id a l Salmonella  (N T S ) T he m o st im p ortan t ag en ts  
o f  (o o d b o m e  illn ess , se co n d  on ly  to  c a m p y lo b a c ter io s is  
in  in c id en ce . M ore than  2 4 0 0  sero ty p es o f  N TS have  
b ecn  id en tiíied ; all are n o w  co n sk ler ed  m em b ers o f a 
sin g le  sp ec ie s , Salmoneíỉa enterica. 

n o n -u lcer  d y sp e p s ia  A sy n d ro m e of recurrent c h r o n ic  
ep igaslr ic  pain  w ith  no u lcera tion  found o n  g a stro sco p y . 

n o ro v iru s  T he rece n tly  a d op ted  na m e 10 d esig n a te  lh e  g e n u s  
o f  thc viral íam ily  Caliáviridae; lh e  v iru se s in th is  g e n u s  
w ere p rev io u sly  ca lled  N o rw a lk -lik e  v iru se s or sm all 
rou n d  stru ctu red  viruses. 

n o so c o m ia l H osp ita l-acq u ired ; as a resu lt o f  a stay in or v isit  
to a h osp ita l.

NSAIDs See NONSTEROIDAL AN'ri-lNFLAMMATORY DRUCiS. 
n u c lea r  faclor  kap p a B (N F -k B ) A co n se rv ed  sĩgn a l 

tra n sd u ction  path w ay critica l for the a c tiv a tio n  of in n ate  
im m u n e and in õ ítm m atory  resp onses. 

n u c le a tio n  A term  for the in ỉlia l p rec ip ita d o n  o f so lid  
c h o les tero l crysta ls from  su p ersa tu ra ied  b ile. A n in itia l 
step  in ga llsto n e  ĩorm ation . 

n u c le u s  a in b ig u o u s T h e orig in  of m o to r  n eu ro n s su p p ly in g  
the stria ted  p h arvn gta l and esop h agea l m u sc les . 

n u c le u s  o f  the tractu s so lita r iu s  B rainstem  n u c leu s  rece iv in g  
vagal se n so ry  input; the n eu ron s project lo  ih e  đ orsa l 
m o to r  vagal n u c leu s  to co m p le te  the b ra in stem  circu it 
ior vago-vagal re ílex es  and  d issem in a le  se n so ry  in lorm a-  
tion  to  h igh er  brain  reg ion s. 

n u lcra ck er  e s o p h a g u s  V ig o ro u s p er ista h ic  co n tr a c lio n s  o f  
ih e  esop h agea l bod v; íreq u en tly  a sso c ia ted  vvith ch e s t  
p ain  or o th er  sy m p to m s, su ch  as d ep ress io n , a n x ie ty , an d  
so m a tiza ú o n , w ith o u t a clear u n d er ly in g  ca u se  an d  vvith 
u n certa in  c lin ica l s ìg n iíìca n ce . 

n u tr it io n a l p a n c r e a titis  A form  o f  n o n a lc o h o lic  ch ro n ic  
p an crea titis  p rev a len l in  lnd ia  and o th er  trop ica l 
c o u n ir ies.



o b e s ity  A n  in crease  in  b od y  w e ig h t s ig n iíìc a n tly  b ey o n d  the 
lim its  o f  sk e le ta l and  p h y sica l req u irem en ts , as the result 
o f an  ab n orm al in crease  in  the p ro p o rú o n  o f  fat ce lls , 
m a in ly  in  th e  v iscera  and su b c u ta n e o u s t issu es . M ay be 
e x o g e n o u s  (ca lo r ic  in tak e greater than  m eta b o lic  n eed s) 
or e n d o g e n o u s  (d v s íu n c tio n  o f  the e n d o c r in e  or m eta- 
b o lic  sy stem s). C an be d etìn e d  as a b o d y  m ass in d ex  
> 3 0 k g /m 2.

o c tr e o t id e  A sy n th e tic  p e p ú d e  that is  related  10 the naturally  
o ccu rr ín g  p ep tid e  so m atosta tin ; it has th erap eu tic  uses  
and can be ra d io lab eled  for u se  as a d ia g n o sú c  agent. 

o d y n o p h a g ia  P ain  e x p e r ie n c e d  w h en  sw a llo w in g  food  or 
liq u id .

o lĩa c to ry  R elatín g  to ih e  se n se  o f  sm e ll. 
o lig o a r th r it is  A form  o f  arth ritis tha i in v o lv e s  m o re  than on e  

jo in t  b u t a rela tively  sm all n u m b er o f  jo in ts . 
o lig o h y d r a m n io s  A con d iticm  o f  in su ffĩc ien t a m n io tic  tluid. 
o lig o p e p tid e  An o lig o m e r  o f  a m in o  acid  u n ils  jo inecl by 

p ep tid e  lin k a g es. T he term  is co m m o n ly  u sed  to refer to  
stru ctu res c o n ta in in g  4  to 25  a m in o  aciđ  resid u es. 

o lig o sa c c h a r id e  A carb oh yd rate co m p o u n d  in  w h ic h  m on o- 
sa c ch arid e  u n its  are ịo in ed  by g ly c o s id ic  lin k a g es. The 
term  is co m m o n ly  u sed  to reíer to d e íìn ed  structurcs  
h a v in g  three to n in e  m o n o sa cch a r id e  u n its . 

o m e p r a z o le  T he p r o io iy p ic a l, c lin ica lly  u sed  p ro to n  pum p  
in h ib itor .

o n c o g e n e  A g e n e t ic  se q u e n c e  e n c o d in g  a p rod u ct ihai 
p r o m o te s  ce ll tra n síb rm alion  or  ca n cer  ío rm a ú o n . 
O n c o g e n e s  u su a lly  resu ll irom  g a in -o f-fu n c ú o n  inuta- 
t io n s  o f  n o n n a l g en es , ca lled  p r o to -o n c o g e n e s . 

o n co -n e u r a l a n tig e n s  A n tig e n s sh ared  by tu m or c e lls  and  
n eu ral tissu es that are lik e ly  cap ab le o f  tr iggerin g  the 
im m u n e  resp o n se  in v o lv e d  in  the n e u r o p a ih o p h y s io lo g y  
o f  p a ra n eo p la stic  syn d rom e. 

o n to g e n ic  reg u la tio n  A p ro cess c o n tr o llin g  d ev e lo p m en ta l  
ch a n g es , as in  a transport ev en l. 

o o c y s t  T he cy stic  stage o f  the A p ico m p le x a , re su llin g  írom  
sporogonỵ(e.g.,Plasmodium,Crỵptosporidium,Toxoplasma, 
Cydospora).

o p e r c u lu m  T he h in g ed  p ortio n  o f  a trem a to d e  egg  through
vvhich the larva hatches. 

o p h th a lm o p a r e s is  A w e a k n e ss  o f  the eye  m u sc les . 
o p to k in c t ic  d ru m  A d ev ice  w ith  a ltern atin g  b lack  and  vvhite 

v erú ca l str ip es thai is  rotated  arou n d  a su b ject to 
p ro v o k e  m o tio n  s ick n ess. 

oral c o n tr a c e p tiv e  An oral agen t co n ta in in g  e s tro g e n  or 
estro g en  and p ro g estero n e  and u se d  in  the p rev en tio n  o f  
p regn an cy . 

o r e x ig e n ic  S tim u la tin g  the ap p etite .
o r g a n e lle s  S m all in tracellu lar  “organs" that p eríorm  sp ec ia - 

l iz e d  tasks.
o rg a n it  a n io n  tra n sp o r l p ro te in  A p o ly p e p iid e  in  rat liver; a

g ly c o p r o ie in  w ith  6 7 0  am in o  acid s. T he h u m a n  an a logu e  
a lso  c o n sis ts  o f  6 7 0  a m in o  a c id s and sh o w s a 67%  am ino  
acid  h o m o lo g y  to th e  rat liver p ro te in .

o rgan oax ia l gastric  v o lv u lu s  A con d itio n  in w h ic h  the 
s lo m a ch  tw ists a lo n g  its lo n g  axis. 

o rg a n o lep tic  m ea su rem en t and  score  A m e ih o d  o f  sc o r in g  
o d o r  in te n sity  by sm e llin g  ihe p a tie n ts  breath. O bserva- 
tion  c o n d itio n s  m u sl en su re that breath air is not d ilu tod  
w ith  room  air.

O sler  n o d e  A lender, raised , cu ta n eo u s le s io n , typicalLy on  
the fm ger pads; ch aracteristic  o f  in íec tiv e  en d ocard itis . 

o sm o ly te  A m o lecu le  ihat can b e  d isso lved  in  a so lv e n t (m o st  
co m m o n ly  \vater) and  thereby con trib u te  to the tolal 
co n cen tra tío n  o f p a r ú đ e s  in  the so lv e m , ad d in g  to ihe  
osm olarity .

o sm o t ic  d iarrhea H igh -ou tp u t diarrhea resu ltin g  from  
in g ested , unabsorbed  n u trien ts, w h ich  ạct as o sm o tic  
a g en ls , draw ing  frce w ater in to  the in testin a l lu m en . 

o ste o m a  A  b en ign , s lo w -g ro w in g  tum or co m p o sed  o f  w ell-  
d ifferen tia ted , d en se ly  sc lero iic , com p act b on e. u suatly  
a risin g  in  the m em b ran e b o n e s , particu larly the sk u ll and  
íasc ia l bones.

o ste o m a la c ia  D eíective  m in era liza tion  o f  the organ ic m atrix , 
resu ltin g  in  e x cess iv e  a ccu m u la iio n  o f  o steo id  in  ihe  
b o n e  tissu e and in creaseđ  p ro p en sitỵ  o f  th e  b o n es to b o w  
or ữ actu re  under the vveighl o f  ih e  body. 

o s te o p e n ia  A c o n d itio n  o f  decreased  b o n e  m ass, d eũ n ed  hy 
the W orld  H ealih  O rgan ization  as a b ơiie m ineral d en siiy  
b etw een  1 .0  and 2 .5  Standard d ev ia tio n s relative to the 
ideal peak  bone m ass. 

o s te o p o r o s is  A sk e le ta l d isord er characler ized  by co m p ro -  
m ised  b o n e  slren gth  p red isp o sin g  to an in crea sed  risk  o f  
fraclures, d efincd  by the W orld  H ealth  O rgan iza tion  as a 
b on e m ineral level low er than 2 .5  Standard d ev ia tio n s  
from  the ideal pcak b on e m ass. 

o s lo m a te  An in d iv id u al u n d erg o in g  an osto m v , u su ally  an  
ileo sto m y  or co lo sto m y . 

o s to m y  A n  operation  to create an artiRcĩal o p e n in g  throu^h  
w h ic h  bod y  w astes m ay ex it. 

o sto p e n ia  R educed  b o n e  íorm aiion .

o u ter  inĐ am m atory p ro te in  A An ou tcr in ílam m aiory  
p rotein  o f  Heỉicobacter pylori that is  invoỊved  in  m u cosa l 
in flam m ation . T he protein  is co n sid ered  a v iru len ce  
factor o f  the b acteriu m  and its p resen ce  is a sso c ia led  
vvith in creased  m u co sa l in ílam m ation . 

o n tle t  d y s íu n c t io n  A co n ste lla tio n  o f  d isord ers in  w h ich  
Tiormal d e ĩeca tio n  is d istu rb ed  by organ ic or íu n ctio n a l  
a b n orm alities o f  the auor.ectum . 

o v e r e x p r e ss io n  T he p ro d u ctỉo n  o f  excessi\'e  am o u n ts o í  a 
p ro d u ct by ce lls  b ecau se  extra c o p ie s  o f  th e  g en e  
e n c o d in g  the p roduct have been  in trodu ced  in to  ih e  
ce ll ch ro m o so m es. 

o v erw e ig h t H igher than  n orm al bodv vveight for on e's h e ig h t, 
b od v  b u ild , and age; can  be defined  as a b od y  m ass in d ex  
in the range o f  2 5 —2 9 .9 k g /m 2. 

o x id a tiv e  m e ta b o liz in g  e n z y m e s  E n zym es thai rendor drugs  
and o th er  x e n o b io tic s  both  less b io lo g ica llv  a c iiv e  and  
m o re  w ater so lu b le  for renal or biliary ex cre tio n . T he  
principa l en zy m es ìn vo lved  in th is p ro cess are the



micTOSomal m ix e d - fu n c t io n  o x id a s e s  o f th e  c y to c h ro m e  
P 450 system .

o x id a tiv e  s tr c s s  ln crea sed  gen era tio n  o f reactive o x v g en  
sp ec ies or free rad ica ls, in c lu d in g  su p ero x id e  an io n s, 
h yd ro g en  p ero x id e , and h y d ro x y l radicals; o ccu rs  as a 
co n se q u en ce  o f  a ccu m u la tio n  o f  fat w ith in  h ep a to cy tes . 
The reactive o x y g e n  sp e c ie s  or free rad ica ls seem  to  
in d u ce ch em o ta x is  an d  a ccu m u la tio n  o f  in d am m atory  
ce lls  in  the liver.

P 4 5 0  in d u c tio n  In crea sed  sy n th e s is  ol P 45 0  en zy m es  
fo llo w in g  e x te n d e d  ex p o su r e  to certain  dru gs or 
su b sta n ces , r e su lú n g  in a cce lera tẹd  in e ta b o lism  o f  o lh er  
drugs.

P 4 5 0  in h ib it io n  S p ec iíĩc  in h ib iú o n  o f  cy to ch ro m e P 450  
en zy m es by c e r ia in  d ru gs or ib od s; d ela y s the m etab o-  
lism  and a u g m e n ts  Lhe p h arm a co lo g ic  e ííe c ts  o f  o ther  
d rugs that are su b s lra tes  o f  the sa m e  en zy m e. 

p agop h agia  T h e act or habit o f  ea lin g  ice. 

p a llia lio n  T reatm en t d e s ig n e d  lo  re liev e  a patient s  syn ip - 
lo in s vvìihout the in ien t to  cu re  the d isea se  ca u sin g  [he  
sym p io m s.

p a llia tiv e  R elirv in g  sy m p to m s w ith o u t cu rative in tcnt. 
p a lp ab le  purpura V isib le and o fte n  p a lp ab le  d iscrete  

cu u m eo u s h em orrh age, typ ica lly  in  d ep en d en t areas. Ít 
is o cca s io n a lly  c o n ílu e n i and ex ten siv e . 

p a n crca tic  c y s t ic  n e o p la s in s  P ancrea tic  Lumors that arise 
[rom p aren ch ym al c e lls  an d  o ften  form  cystic  sh ap es  
seen  in in iag ing  stu d ies . 

p a n crea iic  d u ct (d u c t  o í  W ir su n g )  T h e prim ary secre lo ry  
ch an n el o f  the pancreas. 

p an crca tic  d u o d en a l h o m e o b o x  fa c to r -l A p atlern in g  
tran scrip tion  íactor  r eq u ừ ed  for the c lifferen lia lion  o f  
the pancreas.

p an crea tic  in su ffic ie n c y  D ecreased  se cre tio n  o f  d igcstive  
en zv m es or in su lin  to th e  extern  tha i m a la b so rp tio n  or 
d iah etes m ellitu s appears. M alab sorption  lyp ica lly  m an- 
ifests vvith steatorrh ea , the p resen ce  of' m ore ihan  7% o f  
dietarv fat in the sto o l. 

p a n crea tic  in tr a cp ith e lia l n e o p la s ia  A reas o f  focal d u cta l 
p ro liíera tion  ad ịa cen t 10 in íìU rating pan crea tic  cancers  
thai m ay be p recu rso r  le s io n s  to pan creatic  a d en o -  
carcinom a.

p an crea lic  is le t-a c in a r  p orta l sy s te m  An arterial su p p ly  
netvvork thai c o n n e c ts  th e  p an crea ú c  islct c e lls  w ith  the 
ex o cr in e  cells .

p a n crea lic  is le t  c e l ls  Sm all g ro u p s o f  c e lls  fo u n d  thro u g h o u t  
the pancrcas; su b d iv id e d  in to  a lpha , beta , and delta  
islct ce ll lyp es, vvhich p ro d u ce  g lu ca g o n , in su lin , and  
sotn atostatin , r e sp ec tiv e ly  

p a n c r e a t ic o d u o d c n e c to m y  S u rgica l c x c is io n  o f  the head  and  
u n cin a te  p rocess o f  the pan creas by en b lo c  resectio n  o f  
the d istal s io m a ch  and d u o d en u m  to th e  lig a m en t o f  
T reitz, co m m o n  b ile  d u c t, and h ead  o f  the p ancreas. A lso  
kno\vn  as a YVhtpple p roced u re.

p an crea tic  p s e u d o c y s l  A n o n -e p ith e lia l- lin e d  c o lle c t io n  oi 
p an crea tic  se cre tio n s . 

p an crea tic  r e s t  E c to p ic  p an creatic  t issu c  lo c a ic d  in  the waỊl 
o f  the sto m a ch  or sm a ll in te stin e . 

p an crea tic  s te l la te  c e l ls  C e lls  lo c a te d  b e tw een  acin i that 
con ta in  v ita m in  A; c e lls  o f  s ie lla te  m o r p h o lo g y  that 
resp on d  10 c v to k in e s  w ith  the p r o d u c ú o n  o f  co lla g en , 
lea d in g  LO fibrosis. 

p a n crea lic  tr ig ly c e r id e  lip a se  A sp e c if ic  en zy m e  p ro d u ced  
and secre ted  hy p an creatìc  ac in a r  ce lls ;  prim arily  
r esp o n s ib le  for in te stin a l d ig e st io n  o f  ir ig ly cer id es . 

p a n c r e a titis  In fla m m a ú o n  o f  the p an creas.
P anetli c e l ls  C e lls  n o rm a lly  fo u n d  o n ly  at ih e  base o f  the 

crypt o f  L ieb erk u h n  in  the sm a ll in te stin e ; resp o n s ib le  
for se cre tin g  ly so z y m e  an d  a n ú m icr o b ia l factors. 

p ap illary  s t e n o s is  N arrovving or str ic tu re  o f  the p ap illa  o f  
V ater, the c o m m o n  ex it  s ite  o f  ílu id  p a ss in g  th ro u g h  the 
c o m m o n  b ile  an d  p an crea tic  d u cts . 

p arace llu la r  tra n sp o rt V ec lo r ia l tran sp ort o f  m ateria l 
th ro u g h  the ex tra ce llu la r  sp a c e s  b e tw ecn  ad jacen t  
e p ilh e lia l ce lls ; resu lts  in  n et m o v e m e n t o f  m ateria l 
b etw een  the tw o  c o m p a rtm en ts  faced  b y  ep ith e lia l ce lls . 

paracrinc D escr ib in g  the se c r e t io n  o l  a h o r m o n e  from  a ce ll, 
w ith  ih c  h o rm o n a l effec t e x e r te d  o n  an adjacent ce ll. 

p a ra eso p h a g ea l h ern ia  A d e íe c t  in  w h ic h  part or a ll o f  the  
s to m a ch  p ro lru đ es th ro u g h  the eso p h a g ea l h ia tu s a lo n g -  
s id e  ihe eso p h a g u s . 

p ara ly tic  i le u s /a d y n a m ic  i le u s  A c o n d it io n  in  w h ic h  the 
p ro lo n g ed  a b sen ce  o f  in te stin a l m o tility  is  p a ih o lo g ic . 

p a ra n eo p la stic  sy n d r o m e  An a u to im m u n e  p a th o lo g y  in  
t issu es  o f  p a tie n ts  w ith  certa in  form s o f  cancer. 

pararcnal a o rtic  a n e u r y sm  A c la ss if ic a tio n  for a ju x ta ren a l 
a n eu rysm  (near, b ut n o t in v o lv in g , the renal artery  
o r ifices) or a su p raren a l a n eu ry sm  (in v o lv in g  the renal 
arteries but n o t the su p er io r  m e se n te r ic  artery). 

p ara site  An o rg a n ism  ih at is p h y s io lo g ic a lly  d e p e n d e n t  on  
a n o th er  org a n ism  an d  ex tra cts its  n u tr ie n ts  from  this 
h ost. M ore sp e c iíĩc a lly , w h e n  the term  is  u sed  for 
orga n ism s c o lo n iz in g  h u m a n s , it ử e q u e n tly  refers to 
p ro to zo a n s and h e lm ìn th s  an d  so m e t im e s  ec to p a ra siies  
(e .g ., t ick s, lic e ) . 

paraverteb ral g a n g lia  G an glia  lo c a te d  a lo n g sid e  and  parallel 
to  e ith er  s id e  o f  the v erteb ra l c o lu m n . 

p a ren ch y m a l e x t in c t io n  P ro cess o f  foca l lo ss  o f  h ep a to c y tes , 
u su a lly  b y  a m e c h a n ism  o f  isc h e m ia . A n e x t in c ú o n  le s io n  
is  the h is to lo g ic  p ro d u ct o f  th is p rocess. 

p aren tera l By m ea n s o th er  than  th e  g a stro in testin a l tract, 
su c h  as v ia  im r a v e n o u s in je c lio n . 

p aren tera l n u tr it io n  (P N ) T h e  in fu s io n  o f  all e ssen tia l 
n u tr ien ts by the in tr a v en o u s ro u te , b y p a ss in g  the  
g a stro in testin a l tract. 

p aren lera l tr a n sm iss io n  A c q u is it io n  o f  an in íe c t io n  by  
ex ch a n g e  o f  the in íe c t io u s  agen t via b lo o d  or b lo o d -  
co n ta m in a ted  b o d y  ílu id s . 

p arieta l c e ll  O n e o f  the cell types o f  the gastr ic  ep ith e liu m ;  
r esp o n s ib le  for ac id  p r o d u c tio n  and se c r e t io n  in to  the  
gastric  lu m e n .



p arotid  g la n d s T he m ajor sero u s salivary g lan d s loca lcd  
bilaterally under the ear.

Pathcrgy Excessive inflaminalory reaction to tissue trauma. 
Characteristic of B ehcets disease, but also seen in 
pvoderm a gangrenosum . 

path ogcn icity  island A m obile genetic elem ent, often  
encoding virulence genes; lound in many pathogenic  
bacteria and propagated bv horizontal gene transfer. 

pathognomonic Characierisúc or indicaúve of a disease; 
denoting especiallv One or more Ịvpical svm plom s, 
findings, or pattern o f abnorm alities speciíìc for a given 
disease and noi íound in any oLher condition.

P-ATPases A family o f adenosine triphosphate-dependent 
m eial transporters ihat have specificitv for divalent 
cations.

PDX-1 Pancreas duodenum  honieobox 1, ihe patlerning 
transcription íactor required lor early developm enl of 
the em brvonic pancreas. 

p elio s is hepatis A condition associated with blood-Rlled 
cavities in ihe liver; a disease is found m ostlỹ  in patients 
w ith acquircd im m une deíìciency syndrom e and ana- 
bolic steroid users. 

p e lv ic  ílo o r  d y ssy n e r g ia  Inappropriate con tra cú o n  or failure 
to rclax the pelvic íloor and/or anal sphincter m uscles 
during attempts to dcfecatc, resulting in ihe im pedance 
of stool passage. 

p en e tr a n c e  T he íreq u en cy  o f ex p ressio n  o f  a gen otype; a trait 
has reduced pcnetrance if it is expressed less than 100%. 

p e p s ig o g u c  An agent that sú m u la tes  p e p sin o g en  secretion . 
p e p s in  A p ro te in  secreted  in the sto m a ch  thai b cg in s  

cleaving ingested proieins into sm aller polypeptides. Ít 
functions optim ally in the acid environm ent of the 
stom ach, at pH 1—3, and is inaclivated vvhen the acid is 
neutralizcd, ai pH 5 or highcr. in the duodenum . 

p e p s in o g e n  Protein  p recursor o f  p cp sìn  sy n th esizc d  and  
secreted bv gastric chieí cells. 

peptic u lcer A loss o f lissue extending through the m ucosa 
into the subm ucosa, in the esophagus, stom ach, or 
duodenum , due to acidic gastric secretions. 

p e p tic  u lc e r  d ise a se  A d isord er o f  ihe upper gasiro in testin a l 
tract (esophagus, stom ach, and duodenum ), character- 
ized bv inílam m ation and ulceraúon. 

peptidc A short chain of am ino acids.
peptide bon d The covalent Chemical bond betvveen tvvo 

am ino acicl residues. 
p c p tid e  YY A distal gut peptide that is releascd in response to 

fat and is involved in the ileal brake and jejunal braké 
responses.

p e r c u ta n e o u s  e n d o sc o p ic  g a str o s to m y  (PE G ) An en d o-  
scopic proceđure during w hich a leeciing lube is placed 
between the stom ach and ihc anterior abdorninal wall to 
aliovv for direct feeding into the stom ach. The most 
com m on indicaúons for PECi tubc placement arc 
neurologic conditions associatcd vvith impaircd sw allow- 
ing and neoplasm s of the oropharvnx, larvnx. and 
esopliagus.

percutancous ethanol irýeclion Ablative therapv ÍT1 which a 
neeclle is inserred into ihe mass and ethanol is inịected , 
w ith the goal of killing all the tum or cells. 

p ercu ta n eo u s tra n sh cp a tic  c h o la n g io g r a p h y  A p roced u re  
that permits direct visualization of the biliary tree vía 
percuuuieous pÍầcement o ĩ  a fine needle through the 
lowcr right chest wall through the hepatic parenchvma 
and into the right or left bile duct. Injection of radio- 
opaque contrast m edia enables the visualization ol the 
proxim al biliarv treế and conim on bile duci. 

p erfo ra tio n  An abnorm al o p e n in g  in a h o llo w  organ or 
viscus.

periductal íibrosis Pihrosis occurring around the bile ducts. 
p er in ea l protecL om y A su rg ica l p ro ced u re , perform ed  vía thè  

anus, that excises redundant recm m  and reconnecLs the 
lw o rem aining ends. 

p er in eu m  The exiernal region betwecn the anus and the 
genitalia.

p er in u c lea r  a n ti-n eu tr o p h il c y to p la sm ic  a n tib o d y  A d istin ct  
form of anti-neuư ophil cvtoplasm ic antibodv seen in 
ìnllam m atory bovvel disease. Il is characterizcd by a 
perinuclear staining pattern and is presẹnt in up to 65% 
oi ulcerative coliús patients. 

p er io d ic  a c id -S c h iff  s ta in  A h is to c h e m ic a l s ia in  thai h igh - 
lights glycogen and glycoproieins. 

p c r is la lt ic  rc ílcx  The b asic  local m otor  reflex  thai is res- 
ponsible for caudal propulsion o f inưalum enal contents. 

p er ito n ea l lavagc A tech n iq u c  to a ccess h em orrh age in to  the  
ahdom inal cavity vvhereby ạ sm all tube is inserted in to 
the spacc and iluid is instilled into the cavity and then 
rem ovcd to determ inẽ w hethcr free blood is present. 

peritoneal m csotheliom a A rare m alignant tumor arising 
from the peritoneal lin ing o f the abdom inal cavity. 

p er ito n e u in  T he serou s lin in g  o f  the a b d o m in a l cavitv; the 
parietal peritoneum  lines ihe abdom inal wall and the 
viscera l p er ilo n cu m  co v ers the organs. 

periton itis Inilainmation o f the peritoneal linings ol’ thc 
a b d o m in a l  cav ity ; m ay  be  o l in f e c ú o u s ,  C hem ica l, o r  
unknow n origin. 

p e m ic io u s  an em ia  A n a n em ic  c o n d iú o n  characterized  by  
larger than normal (m egaloblastic) red blood cells. 
InsuHìciem gastric producúon of inirinsic íactor leads 
to dehcient ileaL absorption o f vitam in B 12. Dcticiency of 
B p  leads 1 0  ineffecúve rcd bĩóod cell production in the 
bone marvow.

p eroxisom cs Cell organellcs contain ing enzvm cs, such as 
catalase and o.xidase, that ca ta l\zc  the production and 
breakdown of hvdrogen peroxide.

Peuiz-Jeghers svndrome A familial syndrome consisúng of 
m acocu ian coás pigm entation and gastroim esùna! polvp  
(usuallv hannarlom as) formation.

P ev crs pa ichcs Organized lvm phoid struclures teeãlecì on 
the anúm esentcnc bordcr ol the sm all intesline; contain  
lym phocvtes and antígcn-presènúng cells and are 
im portant íor the m duclion ol im m une responscs against 
antigens from the intestinal lum en.



ph age A bacterial v iru s that can  tran sm it g cn etic  m aterial 
betvvecn d ifferent b acteria . 

p h a r m a c o g e n c t ic s  T h e s tu d v  o f  the in ierrela tion  o f  an 
in d iv id u a ls  h ered ila rv  c o n s ú tu tio n  and r esp o n se  to 
drugs.

p h a r in a co k in e tic s  T h e d isp o s it io n  o f  d ru g s w ith in  the b o d y  
in re la tion  to the ìr  a b so r p tio n , đ istr ib u tio n , m eta b o lism , 
and  e lim in a ú o n . 

p h a rm a co v ig ila n ce  A g en era l lerm  in c lu d in g  all a c tio n s  
ev a lu a tin g  drug sa íe ty . 

p h aryn gca l sw a llo w  R e íle x iv e  s w a llo w s  m d e p e n d e n t  o f  
v o litio n a l co n tro l la rg e ly  r e sp o n s ib le  for clearan ce of 
resid ual gastric  re ílu x a te  an d  sw a l!o w e d  co n ten ts . 

p h a ry n g o eso p h a g ra m  R ad iograp h ic  ex a m in a tio n  o f  the  
p h arvn x and  eso p h a g u s . 

p h a ry n gogram  R ad iograp h ic  ex a m in a tio n  o f  the ph arvn x . 

p h a ry n x  'l h e  u p p erm o sl p o r lio n  o f  the gastro in testin a l Iract 
b e lw e e n  the m o u th  an d  the e so p h a g u s . 

p h e n o iv p e  The p h y sica l ch a ra c ter is tic s  o f  an in d iv id u a l as 
d etcrm in ed  bv the e x p r e s s io n  o f  that in d iv ic lu ars gen es . 

p h ero m o n c  A Chem ical ih a t, w h e n  em itted  by m em b ers o f  a 
sp ec ie s , w ill affect the b eh a v io r  or p h y sio lo g y  o f  o ther  
m em b ers o f  that sa m e  sp e c ie s .  

p h o sp h a ia sc  An e n z v m e  that ca ta ly zes  the h v d ro ly sis  o!
p h o sp h a ie  g ro u p s from  su b stra le s . 

p h o sp h a lid v lc h o lin c  A p h o sp h o lip id  p resen t in  ce ll m em - 
hranes and  ìn  b ile; c h e m ic a lly , il has a g ly cero l b ack b on e. 
Fatty acicls are e s te r iíìe d  to th e  íìrst tw o h yd roxy l grou p s; a 
p h o sp h a te  grou p  is a tta ch ed  to thc  th ird  hyclroxyl grou p , 
y ic ld in g  p h o sp lia iid ic  ac id ; the p h o sp h a le  grou p  is 

esicr itied  to  ch o lin e . 
p h o sp h o lip a se  An e n z y m e  that h y d r o ly z e s  p h o sp h o lip id s  at 

sp ec iíìc  s ite s  on  the  m o le c u le . 

p h ren ic  n crve M otor n erv e  a r is in g  from  the th ird, fourth , 
and fifih  cerv ica l se g m e n ts  o f  the sp in a l corcl; in n ervates  
the diaphragm .

p h rygian  cap  A c o n g c n ita l g a llb la d d er  an atom ica l ab n orm -  
ality , resu ltin g  in  a c o n ic a l ca p  sh a p e  ( ih e  irad ition a l 
a n cien t Phrygian  h ead gear) at th e  gallb laclder úp. 

p h y s io lo g ic  ilc u s  A  n orm al a b se n c e  o f  gastro in testin a ]  
co n tra ctile  activ ily . 

p ica  P ersisten t ea lin g  o f  n o n n u tr it iv e  su b s ta n c e s  for a p er io d  
o f  at leasi 1 m o n th , vvithout an a sso c ía ted  av ersio n  to 
food.

p ig b e l A severe n e c r o t iz in g  d ise a se  o f  the sm all in te stin e , 
a sso c ía ied  w ilh  h igh  m o rta lìty , causecl hv Clostridium  
pcrỊringens tvpe c ,  an d  n a m e d  a íler  an illn e ss  that 
d ev e lo p eđ  in Nevv G u in ea  n a tìv es after large feasts o f  
in a d eq u a ie ly  c o o k e d  pork . 

p ili B acierial suiTacc a p p e n d a g e s  in v o lv e d  in a ttach m en t to 
h o si ce lls .

p ilo ca rp in c  A ch o lin e r g ic  d ru g  that s t im u la te s  se c r e ú o n  o f  
in o sl e x o cr in e  g la n d s , in c lu d in g  lacrím al an d  salivarv  
glands.

p il O ne of Lhc tvvo fu n ctio n a l z o n e s  o f  ih e gastric  u n it, 
loca teđ  su p erior  to the g a str ic  g land; the site  o f  pit c e l ls

ihat p ro d u ce  ih e  p rotective  m u c n s o f  the g asir ic  
ep ith c liu m .

p itu ila ry  a d cn y la te  c v c la se -a c tiv a ú n g  p c p tid c  (P A C A P ) A 
n eu ro p ep tid e  p resen t in ih e  vagal n erve e n d in g s  
in n ervatin g  ih e  gastric m ucosa . 

p itu ita ry  g land  A sm all en d o cr in e  organ  locatecl at the b ase  
o f  the brain; it g o vern s grovvih, m eta b o lism , an d  repro- 
d u ctio n  through  ih e  se cre tio n  o f  a variety  o f  h o rm o n e s. 

p la ceb o  An in a ctiv e  su b sta n ce  g iv en  to a p artic ip an t in  a 
research  stu d y  as part of a te s l o f  the e ííec ts  o f  a n o lh e r  
su b sta n ce  o r  trea im ent ihaL is active. 

p la sm a  m em b ra n e  T he sem ip erm ea b le  lip id  b ilayer  thai 
e n c lo se s  the  'cytoplasm  o( a ce ll  

p le x u s  A n etw ork  or jo in in g  tógeth er  o f  m u ltip le  n erv es , 
b lo o d  v e sse ls , or lym p h atic  vessc ls .

P lu m m er-V in so n  sy n d ro m e  A d iso rd er  ch aracterized  by  
d ysp h ag ia , iron  d e íìc ien cy  a n e in ia , and  a p rox im al  
eso p h a g ea l w eb . 

p n e u m a to s is  G as w ú h in  the su b m u co sa  or su b sero sa  o f  the  
b o w el \va ll, in d ìca tiv e  o f  a lo ss  o l m u c o sa l in tegrity , T h is  
m ay rep resen t partial or im p e n d in g  p erĩoration . 

p n e u m a to s is  c o li  T he p resen cc  o f  gas-filled  cysts w ith in  the  
in te stin a l m u c o sa , w h ic h  m ay o ccu r  after c o lo n ìc  
in su ííla ú o n  or vvíth c o lo n ic  isch em ia . 

p n e u m o p e r ito n e u m  T h e p rcsen ce  o f  air or gas in  the  
p er ito n ea l cavity; can  be a resu lt o ĩd is e a s c ,  but can  a lso  
b e artiíĩc ia lly  p ro d u ced  (e .g ., p erlorm ed  in a laparo- 
sc o p ic  p ro ced u re to increase the vvork sp ace ava ilab le  
in s id c  the a b d o m en ). 

p o in t m u ta tio n  A m u tation  thai in v o lv es a sin g le  n u c le o t id e  
base-pair ch a n g e  in ilic D N A  se q u e n c e  o f  a g en c . 

p o ly c h lo r in a te d  b ip h e n y ls  (P C B s) C o lo r le ss  and  o d o r le ss  
ch em ica ls , o n c e  w id e ly  u sed  in  e lec lr ica l eq u ip m cn t;  
novv b an n ed  frotn u se , they  rem ain  in  ih e  en v iro n m en t  
an d  co n ta m in a te  the food  ch a in , prim arily  th rou gh  
w aterw ays.

p o ly c y s t ic  l iv e r  d isc a sc  A d isease  ch aracterized  by the  
p r esen ce  o f  m u lú p le  liver cysts; o ften  o c c u r s  in  
a sso c ia tio n  vvith a u to so m a l d o m in a n t p o ly cv stic  k id n ey  
d isea se . T h e  c o n d il io n  is  in h er ited  in an a u to so m a l  
d o m in a n t pa ltern . 

p o ly h y d r a m n io s  E x c ess iv e  a ccu m u la tio n  o f  a m n io tic  ílu id . 
p o ly -Ig  r e ce p to r  A p o lym eric  ím m u n o g lo b u lin  recep tor  

lo ca ted  011 the basolateral su ríace o f  ep ith e lia l cclls;  
b in d s p o ly m e r ic  im m u n o g lo b u lin s  (IgA  and IgM ) and  
p lays a cr itíca l role in  tran sp ortin g  IgA p ro d u ced  by  
p lasm a c e lls  in  the lam in a  propria  to the in te stin a l  
lu m en .

p o ly m e r a se  ch a in  rea ctio n  (PC R ) A laboratory p ro cess  thai 
is u sed  to c o p y  n u c le ic  a c id s m u lũ p le  ú m e s so  that there  
is su O ỉtìen t m ateria l for analytica l d etectio n . 

p o ly m e r ic  C o n ta in in g  co m p le te  p ro te in s, carb oh yd rates, and  
fat rather than  p red ig ested  su b stan ces . 

p o ly m e r ic  im m u n o g lo b u lin  re c e p lo r  A tran sm em b ran e  
p ro te in  ex p ressed  on  the baso latera l su rface  o f  ep ith e lia l  
c e lls  lin in g  m u c o u s m em branes; b in d s p o ly m e r ic  IgA  
and a lso  IgM  and tran scy to ses them  ín to  the lu m e n .



p o ly m o r p h is m  A g erm -lin e  se q u en ce  a ltcraúon p resent in 
at least 1% o f  the g iv en  p op u lation . 

p o ly m o r p h o n u c le a r  lc u k o c y te  A w hite  b lood  ce ll, u su a lly  
n e u tr o p h ilic , h av in g  a n u c leu s  ihal is d iv id ed  in to  lob cs. 

p o ly p  A n ab n orm al grovvth o f  tissue. P olvps are d e íin ed  
h is to lo g ic a lly  \v ith in  tw o broad  categories, ep ith e lia l or  
h am arto m a to u s. P o ly p s m ay be p ed u n cu la ted  (h a v in g  a 
sta lk ) or se ss ile  (flat) and  the suríace is o íten  d escr ib ed  
as e ith er  sm o o th  or lob u la tcd . 

p o ly p e c to m y  A p roceđ u re  u sed  to rem ove a p o ly p (s ). 

p o ly p o s is  A c o n d itio n  in  w h ic h  n u m erou s p o lỵ p s d ev e lo p  in 
v a r io u s areas o f  the gastro im estin a l Lract, u su a llv  d u e to 
a g e n e tic  d eíec t. 

p o ly sa c c h a r id e  A m a cro m o le cu le  carbohvdrate c o n sis tin g  o f  
m o re  than  n in e m o n o sa cch a r id c  rcsid u es jo in e đ  to each  
o th er  b y  g ly c o s id ic  lin k ages. 

p o ly sp le n ia  A sy n d ro m e c o n sis tin g  oí m ultip le  sp leen s , 
u su a lly  b ila tera l, w ilh  rud im entary and a ccessory  sp len ic  
tissu e .

p o ly u n sa tu r a lc d  fa tly  a c id s  (PU H A s) A parlicu lar c la ss o f  
fatty a c id s  sh arin g  th e  gen era l characterisiics o f  a lincar  
carb on  b a ck b o n e  su b stitu ted  w ith  hyd rogen  a tom s and  
b ear in g  a ca rb o x y lic  grou p  at onc end o [ the m o le c u le  
( C l ) .  T he đ is iin g u ish in g  leatures o f sp ec iíĩc  PU FA s arc 
the d ictary  soư rce an d  the presence ()f d ou b le  b o n d s  
w iih in  the m o lecu le . 

p o rp h y r in  A co m p o u n d  w ith  a ch ein ica l siructurc c o n s is lin g  
o f  four pyrrole g ro u p s lin k ed  by m eih en e  brídges; Ihe 
c o m p o u n d  ìs p ig m e n ted  and cxh ib its red t lu orescen ce  
w h e n  e x p o sc d  to u ltrav io lct lij;hl ariHind 4 0 0 n m  (Sorei 
b a n d ).

p o r p h y r in o g e n  A red u ced  form  o i porphyrin; not p ig m en ted  
and d o e s  n o t ex h ib it  [luorescen ce . 

p o rp h y r in  p r ecu rso rs  Early in term ed iates o f  the hem e  
b io sy n th e tic  p a th w a y  (a m in o lev u lin ic  acitl and  p orp h o-  
b ilin o g e n )  from  w h ic h  p yrro le groups are ĩorined . 

p orta  h e p a tis  (h ilu m ) D escr ib in g  a location  in the liver  
b e tw e e n  the cau d ate and quadrate lob es that co n  tai n s the 
p orta l v e in , h ep a tic  artery, h ep a tit n erves, h ep atic  d u cts , 
an d  ly m p h a tic  v essc ls . 

p o rta l đ ra in a g e  A p roced u re  in  \vh ich  v en o u s c lllu cn t from  a 
graft is  d irected  in to  the superior m esen ier ic  v c in  or  
portal v e in , so  that th is b loo tl un d ergoes a R rsi-pass 
effect th rou gh  the liver b cíorc  cn terin g  ihe sy s iem ic  
c ứ c u la t io n .

p o r la l h y p e r ie n s io n  E levation  in pressure in the portal 
venous System. Bleeding (rom esophagea! varices, asciies. 
and h ep a tic  en cep h a lo p a th v  arc co m p lic a tio n s  o f  portal 
h y p er ten sio n .

p orta l tra ct (p o r ta l tr ia d s)  S truc lurcs co m p o sed  o( b ile  d u ct, 
h ep a tic  artery, and  p orta l vein , em b ed d ed  \v ith in  
c o n n e c t iv e  tissu e. 

p orta l v e in  th r o m b o s is  A ih ro m h u s d o i  u ith in  thc porla l vcin. 

p orta l v c n o u s  sy s te m  A v e s se l pailnvav b e g in n in g  and  
e n d in g  ìn  the capillaries.

p o r to cn ter o sto m y  (K asa i o p era lio n ) Surgery perCormed for 
ex trah cp atic  b iliary atresia w h ereb y  a R ou x-en -Y  lo o p  o f  
je jim u m  is  an asto m o sed  to the porta h ep atis . 

p o sitro n  c m iss io n  to m o g ra p h y  (PE T ) A tech n iq u e  that 
uLilizes a svstem  esp e c ia llv  d esig n ed  lo  p rod u ce  to m o -  
grap h ic in iages o f  p o sitro n -e m ittin g  ra d io n u clid es. 

p o stc h o le c y s te c io m y  p a in  P ain íu l a ttack s ihat o ccu r  after 
rem oval o f  the gallb ladder. 

p o stg a n g lio n ic  O ccu rrin g  after the gan g lion . 

p o s tg a n g lio n ic  n eu ro n s N eu ro n s o f  the sy m p a th e tic  n erv o u s  
sy stem  ihat have ih e ir  ce ll b od ies in p erip h era l gan g lia  
and se n d  axonal p r o ịe c t io n s  to the d ig estiv e  iract. 

p o stp o lv p c c to m v  sy n d r o m e  An aeute sy n d ro m e  c o m p o se d  
o f  pain , íevcr, and focal co lit is  s te m m in g  íro m  trans- 
m ural therm al in jurv fo llo w in g  ihe rem o v a l o f  a p o ly p  
w iih  cau terisa tion . 

p ostp ra n d ia l T ak ing p la c c  a lier eating. 
p o stp ra n d ia l sa tie ty  A se n se  o f  sa tia ú o n  or íu lln e ss  after 

eating.
p o sttra n sla tio n a l m o d iR ca tio n  The a ltera lio n  o f  a p rotein  

after ú has b een  sy n th esizc d . E xa m p les in c lu d e  the 
a d d itio n  o f  sưgar ch a in s , o f  p h o sp h a ie , or o f  su lía ie . 

p o sttra u m a tic  d iap hragm atic  h ern ia  A rem  in  the d iap hragm  
d u c 10 trauma.

p o u c h itis  A đ in ic a l sy n d ro m e o f  ab d om in al cram p s, íreq u en t  
w atcry sto o ls , u rgen cy , in c o n tin e n c e , m ala ise, an d  fever  
in  th o se  w h o  have had  an ilea l-an al a n a sto m o sis  or a K och  
p o u ch  (c o n ú n e n t ilc o s io m y ). 

pouch of Douglas A pouch formed by a folđ C)l peritoneum  
betvveen the reclu m  and the uterus. 

p o w c r  p ro p u ls io n  A sp ec itic  m otilily  pattern  that p r o p e ls  ihe  
in tra lu m in aỉ c o n ie n ts  rap id ly  over ex ten d ed  d ista n ces  in 
ih e  s in a ll and large ìn tọstin e . 

p reb io tic  A n o n d ig c stìb le  food  in g red ien l that can  b en efi- 
c ia lly  in ílu en cc the h ca lth  o f  the h o s i by se le c tiv e ly  
a h er in g  the en teric  ílora. 

p rcd ig csted  íorm u la  An cn lera l íorm ula  c o n s is t in g  o f  a m in o  
acids an d /or  shovt p ep tid es  an d /or  h ytlro ly zed  p ro tc in  
p lu s s im p le  sugars p lu s  m in im al fat. T h ese  p r o d u c ts  are 
ftber-free and require less  d ig estio n  by the g a stro in ie s t-  
inal sy s tem , but still rcquire in tact in te stin a l ab sorp tiv e  
ĩu n c tio n .

p r e d n iso lo n e  A co rtico stero id  drug u sed  lo  red u ce  in íla m -  
m a lio n  in active u lcera tive  co litis. 

p rcec la m p sia  A triad o f  h y p ertcn sio n , ecletna. an d  p ro tc i- 
nuria occu rr in g  as c o m p lic a tio n s  in the ìh ird  tr im ester  o f  
pregnancv.

p reg a n g lio n ic  O ccurring b eío re  the g a n g lion . 

p rcg a n g lio n ic  n eu ro n s N eu ro n s o[ the sv m p a th e iic  n ervou s  
svsiein ihat havc tlieir Ct-ll bodies in the spinal cord and 
send  axon a l p ro jectio n s lo  sv m p a th e lic  g an g lia  in  ihe  

p eripherv.
p rem alignan t p o ly p  A ce ll grovvth ih a i h as thc p o te n lia l o f  

p ro g rcssin g  to a m align an cv  over  tim e. 
prcm cal A  terni for a p ortion  of foocl c o n su m ed  sh o r ily  

facfore the acuial m cal.



p rcp ro  h o rm o n c  A p recu rsor  p ep tid e  c o n ta in in g  all the  
horm cm e g en e-en co d ec l a m in o  a c id s  ( in c lu d in g  ihe  
s ig n a l p e p ú d e )  b e fo re  P ro c e s s in g  to  th e  m a tu re  p e p ú d e . 

p rcterm  D escrip tive  term  for an  in fan t born b e ío re  3 7  w eek s  
o f  g esta iio n .

p rcv a lcn ce  In e p id e m io lo g y , the nuvnber o f  ex is t in g  cases o f  
a sp e c iíìc  d iscase  foun d  ìn a đ e íin e d  p o p u la ú o n  at on e  
sp ec itìc  p o ìn i in  tim e. 

p rcv erteb ra l ga n g lia  T h e c e lia c , su p er io r  m esen ter ic , and  
in íer io r  m esen ter ic  ga n g lia  o f  the sy m p a th e tic  n ervou s  
sy stem  loca ted  in  the a b d o m en . 

p rim ary  b ile  acid  B ile acid  sy n th e s iz e d  in the  h ep a to c y te  
Irom  ch o les tcro l. 

prim ary  b ilia ry  c ir r h o s is  A u to im m u n e  liver d isea se  char- 
acterized  bỵ a n tim iio c h o n d r ia l a n tib o d ies , c h o le s ia ú c  
laboratory in d ic e s , and h is to lo g ic a l featu res o f  bi le d u c t  
in jury, in đ u d in g  d e sư u c t iv e  or g ra n u lo m a lo u s ch o lan -  
g itis  ( ílo r id  d u ct le s io n s ) . 

p rim ary h v p erp a ra th y r o id ism  In ap p rop ria te ly  ex c e ss iv e  
p ara ih yro id  h o r m o n e  p r o d u c ú o n  resu ltin g  in  hypercal-  
cem ia .

prim ary p r o p h y la x is  T he p rev en tio n  o f  a first variceal b lecd
in p a tiem s w ith  c irrh o sis  and varices. 

p rim ary  sc le r o s in g  c h o la n g it is  An a u to im m u n e  liv er  d isease , 
ừ c q u e n tly  a sso c ia ted  w ith  in flam m atory  b o w el d isease , 
ihat is  ch aracterized  by  c h o la n g io g ra p h ic  ch a n g es ó f  b ilc  
d n ct n arrow in g , c h o le s la t ic  lab ora lory  in d ices , and  
h ìsto lo g ica l íea iu res oi' b ile  d u ct in jury or b iliary  
o h stru c iio n .

p r o b io lic s  L iving bacterin  ih a l c o lo n iz e  a h o st  in a m o u n ts  
5u fficiciu  to a lier  iru cstin a l m icrob ia l b a lan ce, le sư llii ig  
in a beneR cial h e a h h  effect for ihe h ost; e .g ., reestab lish - 
ìn g  n orm al in te sú n a l ílora. C an be ìn gested  in  the form  
o f  a m icrob ia l fo o d  su p p lem e.n l. 

p r o c t itis  An in fla m m a tio n  o f  the rec lu m , e ith er  acu te or  
eh ron ic; the least e x te n s iv e  variety  o f  u lcera tiv e  co litis . 

p r o c to c o lit is  An in íla m m a tio n  th a i m ay bc cau sed  by  
in íe c ú o n s  o( the  rectu m  an d  co lo n ; s ig m o id o sc o p ic  
ĩin d in g s ex ten d  p ro x im a llỵ  a b o v e  15 cm  o f  the rectu in . 

p ro c lo g ra p h y  R acliographic ev a lu a tìo n  o f  the rectu m  and anus. 
p r o c lo p a lh y  A nv p a th o lo g ic  p ro cess  in v o lv in g  the  rectu m  

W ithou i h av in g  a s ign iR can t c o m p o n e n t  o f  rcctal 
in íla m m a lio  n.

p ro d rom ata  A se t o f  a u to n o m ic  r e sp o n se s  ih a t accoiripany  
and o ĩten  p rcced e  e m e s is  or n au sea . 

p ro d ro m e S ym p tom s in d ic a iin g  the o n se t  o í a d isease . 
p r o g e n ito r  c e ll A ce ll w ú h  ih e  cap acity  lo  rep licate  

ex ten siv e lv , e x h ib it  p attern s o f  g en e  e x p r e ss io n  ío u n d  
in  im m alu re c e lls , and d ifferen tia te  in to  m atu re ce lls . 

p ro g lo ttid  T he se g m e n t o f  a la p ew o rm  that, w h e n  gravid , 
c o m a in s eggs.

p ro g lu ca g o n -d er iv e d  p e p tid e s  S ccre ied  p io d u c ts  o f  p ro g lu -  
c a g o n  P ro c e ss in g , in c lu d in g  th o se  f ro m  th e  p a n c re a s  
(g lic en tin -re la ted  p an creatic  p o ly p e p tid e , g lu ca g o n , and  
m ajor p ro g lu ca g o n  íra g m en t) and th o sc  ừ o m  the gut 
(g lic en tin , o x y m o m o d u lin , an d  g lu c a g o n -lik e  p e p ú d e s  1 
and 2 ).

P r o g r e s s i v e  f a m i l i a l  in tr a h e p a tic  c h o le s ta s is  I n h e r i t e d  d i s -  

ord ers o f  n eo n a ta l ch o lcsta s is . 

p ro h o r m o n e  T he b io sy n th e tic  p recu rsor for a p e p tid e /  
p rotein  h o rm o n e . By cleavage o f  the p ro h o rm o n e , the  
m ature h o r m o n e  is p rod u ced . 

p ro h o r m o n e  c o n v c r ta se s  E n zym es resp o n s ib le  for the  
p ro teo ly tic  P ro cess in g  (c lea v a g e) o f  p ro h o rm o n e s. 

p r o k in e lic  R elerr ín g  to  ag en ts that stim u la te  the m o v em e n t  
o f  lu m enal c o n te n ts  a lo n g  the g a stro in testin a l tract. 

p ro la c tin  A s in g le -c h a in  p ro te in  h o rm o n e  c lo se ly  rela ted  to  
grovvth h o r m o n e , se creted  in  the an terior p itu itary . It is 
also  sy n th e siz e d  an d  secreted  bv a range o f  o th er  c e lls  in  
the body; st im u la tes  m am m ary g land  c lev e lo p m en t and  
m ilk  p r o d u c tio n  and a lso  has m any o ih er  íu n c tio n s . 

p ro la c tin o m a  A p itu itary  a d en om a thai se cre te s  e x c e ss iv e  
am o u n ts o f  p ro la ctin , w h ich  m ay lea d  to the c lin ica l  
sỵ m p to m s o f  g a lactorrh ea  or am enorrhea . 

p r o la p se  T he d e sc e n t  o f  a b ody part Irom  its  usual 
a n a io m ica l p o s it io n .  

p r o n u c le a tin g  p r o te in s  B ilìary p ro le in s thai can  p ro m o te  
n u c lea tio n  o f  c h o le s te r o l crysia ls. E xam p les in c lu d e  
m u c in , a n io n ic  p e p tid e  íraction , and p h o sp h o lip a se  c .  

p r o sta g la n d in s  A form  o f  e ic o sa n o id s  (b io lo g ic a lly  acLive 
lip id s íorm ed  by the  o x id a tio n  o f  2 0 -ca rb o n  fatty a cid s);  
p rod u ced  by th e  c y c lo o x y g e n a se  p a ih w ay , ih e y  are 
resp o n s ih le  for a variety  o f  p h y s io lo g ic  and in íla m m a to ry  
reacú on s.

p r o te a se  in h ib ito r s  A c la ss  o f  d ru gs em p lo y ed  in  e ffec tiv e  
co m b in a ú o n  th erap y  ag a in sl HIV, su ch  as in d in av ir  and  
nelfinavir. M ost recen tly , there has b een  w id esp re a d  u se  
o f  r ito n a v ir -b o o sted  reg im en s (lo w er  dos.e r ito n a v ir  in  
co n ju n c tio n  vvith a n o th er  p ro teasẹ  in h ib ito r ) , w h ich  
ex p lo it  the fact that r itonavir is  a p o te n l in h íb ito r  o f  the  
P 4 5 0  e n z y m e  p ath w ay . 

p ro te in  A m a c r o m o le c u la r  co m p le x  c o n ta in in g  a large  
n u m b cr of a m in o  acid  res id u es jo in e d  to  o n e  a n oth er  
vin p ep tid e  b o n d s. P rote in s m ay, in  a d d itio n  lo  the 20  
dilTerent a m in o  ac id s that they  gen era lly  are m ad e u p  of, 
c o n ta in  v a r io u s  a m in o  acid  resid u es ihat h a v e  b een  
m o d iíied  p o sttra n sla tỉo n a lly  by p h o sp h o ry la c io n , h yd ro-  
xy la tio n , g ly c o sy la t io n , or a.ttachm ent o f  ĩa tly  acid  
resid ues.

p ro te in -ca lo r ie  d e íic ie n c y  A c o n d itio n  that o ccu rs  eith er  
b eca u se  o l d e t ic ie n t  p ro te in  incake (u n d e r n u tr itio n ) or  
b eca u se  o í a re la tiv e  e x c e s s  o f  ca lorie  in tak e (over-  
n u tr itio n ).

p r o le in  k in a se s  E n zy in es  tha i add p h o sp h a te  g ro u p s to 
p rotein s an d  th ereb y  regu late their  íu n ctio n s . 

p r o to d iffe r e n tia te d  Describing an early State of diffetentiation 
in w h ich  c e lls  e x h ib it  lo w -le v e l ex p ress io n  o f  lin ea g e-  
sp e c iíic  g e n e s . b u t have n o t acq u ired  the h ig h er  e x p r e ss io n  
le v e ls  ch a ra cter istic  o f  fu llv  d iííeren tia ted  ce lls . 

p ro to n  p u m p  in h ib ito r s  A  c la ss o f  m ed ica tio n s  that b lo ck  
í l 1 ,K ' -A T P ase (“p ro lo n  p u m p ”) in ihe gastric  parietal 
ce ll, ih ereb y  su p p r e ss in g  gaslr ic  acid  secretio n .



p r o to -o n c o g e n e s  C ellu lar g en es  that are in v o lv ed  in the  
reg u la tio n  o f  p ro liferation , d ev e lo p m en t, an d  d ilĩeren -  
tia tio n .

p ro v ita m in  A c a r o te n o id s  A su b set o f  ca ro ien o id s , w h ich  are 
a c la ss o f  c o m p o u n d s sv n lh e s ìz e d  by p lan ts and  
m icro o rg a n ism s gen era lly  co n ta in ìn g  e ig h t iso p ren o id  
units, Lhat can be oxidatively metabolized Lo procluce 
retin a l an d  re tin o íc  acid  and c leavage p rod u cts k n o w n  as 
a p o ca ro ten o id s . 

p ro v o c a tiv e  p itu ita ry  te s t in g  A n alvsis o f  the p itu itary w ilh  
sp e c iíìc  m e d ic a ú o n s  p rev io u sly  sh o w n  10 e lic it  a release  
o f  o n e  or m ore p itu itary h o rm o n e s in  a rep rod u cib le  
m a n n er  ch aracteristic  o f  n orm al or d isea se  states. 

p ro x im a l c o lo n  An an a to m ic  su b site  of the c o lo rec iu m  ih a l 
in c lu d e s  the cecu m , a scen d in g  c o lo n , and transverse  
c o lo n .

p ro x im a l g a str ic  v a g o lo m y  A n op eratíon  in  w h ich  the vagal 
b ra n ch es of the n erves o f  Laierjet are d iv id ed  as they  
en ter  the lesser  curvature o f  ihe sto m a ch . T h ìs a m elio -  
rates v a g a lly  m ed ia ted  gastric acid  secretio n  from  ihe  
parieta l ce ll m ass w h ile  preserv in g  (he m otor b ran ch es to  
the an trum  and ihe p y lo ru s. A lso  ca lled  h igh ly  se lec tiv e  
v a g o to m y  and parietal ce ll vagotom y. 

p ru r itu s  A c o n d itio n  or se n sa tio n  o f  itch in g . 
p se u d o a n e u r y sm  A neurysm al d ila tion  o f  a perip an creaú c  

artery p rod u ced  by the loca l in ju r io u s e ílec ts  o f  a 
p seu d o cy st.

p se u d o c y s t  A c o lle c lio n  o f  ílu id  p rod u ced  by leakage o f  
p an crea tic  ju ic e  and su rrou n d ed  by a ca p su le  o f  íìb rou s  
an d  gran u la tio n  tissue; a co m p lic a tio n  o f  pancreatú is. 

p se u d o m e m b r a n e  1'alse m em branẹ; a laycr o ĩe x u d a te  on  the 
su r ía ce  o f  sk in  or m u c o u s m em brane. 

p se u d o m e m b r a n o u s  c o lit is  A n  in ílam in atory  co n d itio n , 
ch aracterizcd  by the p resen ce  o f  p ro m in en t in ílam m a- 
tory m em b ra n es o n  the c o lo n ic  m u co sa l surface. 
T y p ica lly  presen t in  p a tie n ls  w ith  Clostriclium dijficile 
c o lit is , b u t can be se en  as vvell in ca ses o f  isc h e m ic  
d ise a se  and other  in íe c tio n s  o f  the co lo n . 

p se u d o m y x o m a  p er ito n e i A rare c o n d itio n  m an iíested  by 
d iííu se , g e la tin o u s im p lan ts o f  the p erito n ea l cav ily  and  
o m e n tu m  arisin g  from  m u c in o u s n eop la sm s o f  ihe ovary  
or a p p en d ìx .

p se u d o -o b s lr u c ú o n  A ĩa ilure o f  p rop u lsiv e  m o tiliiy  that 
c a n n o l be ex p la in ed  by m ech a n ica l b lock age in Lhe 
g a s lr o in ie s tin a l tract. 

p s e u d o p o ly p  A p o ly p o id  p ro jec lio n  from  the m u cosa  in to  
the lu m e n  o f the c o lo n , resu ltin g  from  h ea lin g  after 
in f]a m m a tio n .

p sy c h o fo r m  D escrib in g  p sy ch o lo g ica l sỵ m p to m s su g g estin g  
p sy ch ia tr ic  d isord ers that the in d iv iđ u a l d o es  n ot have. 

p sy c h o s o m a t ic  D escr ib in g  b o d ily  sy m p to m s p resu m ed  to 
arise from  p sy ch o lo g ica l orig in s.

P -lv p e  A T P a sc  An en zv m e thai u tilize s  ATP h vd ro ly sis  to 
tran sp ort ca tio n s or p o sit iv e ly  charged  io n s  across cell 
m em b ran es; "P" in  th is case reters to  the en zy m a tie  
req u irem en t for a h ig h -en er g y  cova len t beta-aspartvl 
p h o sp h a te  im erm ecliate.

p u b o rec ta lis  m u sc le  S lin g  m u sc le  that form s part o f  ihe  
p elv ic  tloor; ìt lo o p s around  Lhe p osier io r  a sp ec t o f  ihe  
rec iu m  an d  an ch o rs an teriorlv  lo  ih e  sy m p h y sis  p u b is . lt 
m a in ta in s an  an gle  betvveen the rectum  an d  anal canal 
and can  be vo lu n ta r ily  coruracied  to lurther p in ch  o ff the  
rectu m  from  the anal canal. 

p u d en d a l n erv e  m o to r  la ten cy  A test for the in teg r ily  o f  the  
p u d en d a l nerve; in v o lv es  electr ica lly  sú m u la tin g  the 
n erve w ith  a [ in ger-m ou n ted  e lec tro d e  a n d  m easu rin g  
the tim e e lap sed  b elore  the ex iern a l anal sp h in cter  
c o n lra cts , as d e tected  by e lec lro m y o g ra p h ic  activ ity . 

p u lse  se q u e n c e  T ech n ica l paranieters c o n s is t in g  o f  a se l o f  
r a d io ữ eq u en cy  p u lse s , m a g n e lic  grad ient p u lse s , and ihe  
tim e in tervals b e tw een  p u lses u sed  to create the im age and  
im age con trast o n  m a g n etic  reso n a n c e  im a g es  (M RI). 

p u lsu s  p a ra d o x icu s  E xaggerated  d ecrease  (grea ler than  
2 0  ram H g) in  insp iratory sy sto lic  b lo o d  pressure. 

p u rg in g  T h e e lim in a tio n  o f  u n d ig e sted  or partly d ig ested  
lo o d  or íeces  by se lf-in d u cc d  v o m itin g  or w ith  laxative or 
en em a use.

p y le p h le b it is  S u p pu rative e n d o p h le b iũ s  o f  the porla l v en o u s  
system .

p y lc th r o m b o s is  T h ro m b o sis  o f the p orla l v e n o u s system . 
p y lo r ic  s te n o s is  An acqu ired  c o n d itio n  in v o lv in g  the  

th ic k e n in g  of the c ircu m feren tia l m u sc le  o f  the p y loric  
sp h in c ier , vvhich resu lis  in  e lo n g a tio n  and o b litera tiọn  o f  
the p y loric  ch a n n el. Thí.- m o st c o m m o n  cau se  o l gaslr ic  
o u lle t  o b stru c tio n  in ch ild ren  and One o f  the m ost  
Irequent c o n d itio n s  reqtiiring o p era tio n  in ihe íĩrst 
raom h  o f  lite.

p y lo r ic  lo n e  V ariable le v e ls  o f  o n g o in g  co n tra cú o n  ol ih e  
m u scu la tu re  in  the p y loric  reg ion  o f  the stom ach . 

p y lo r ic  tra u m a m y o p la sty  A n a ltern ative operativc app roach  
to  py loric  s te n o s is  in v o lv in g  the u se  o f  a B ab cock  clam p  
to grasp and p in ch  the h yp ertrop h ied  p y lo r ic  m u sc le , 
crea tin g  tw o la ieral s lits  on  ihe su p er io r  and in ĩerior  
edges.

p y lo r o p la sty  A su rg ica l p roced u re ihat in c ise s  and d iv id es  
ih e  n orm al p y lo r ic  m u sc le , d e s lr o y in g  it a s  a sp h in c ler , 
and then reco n s iru c ts  ihe p y lo r ic  ch a n n c l to facilitate  
gastric em p ty in g . 

p y lo r o p y lo r ic  D escrib in g  a te íle x  that is in ilia ted  in the  
p y loru s and acts there. 

p y lo r u s T he o p e n in g  that lead s [rom  the sto m a ch  to the  
d u o d en u m .

p y o d erm a  g a n g ren o su m  A ch ro n ic  sk in  u lcer  so m e tim e s  
c o m p lic a tin g  u lcera tive  co tiiis . 

p y o g c n ic  P us-form in g .
p y rro liz id in e  a lk a lo id s  P lant-derived  a lk a lo id s ihat m ay  

cau se  sín u so id a l o b stru ctío n  syn d rom e.

Q
q u a n tita tiv c  h ep a to b ilia ry  sc in tig ra p h y  A n u clear  m ed ic in e  

stu d v  ihat a sse sse s  b ile  (lovv ih ro u g h  ihe b iliarv tract. 
q u a s is p e c ic s  A h e tero g en eo u s p o p u la lio n  o f  g en etic  variants 

o f  a virus foun d  in an in íected  in d iv id u al.



ra d io íreq u en cv  a b la tio n  A b lative ca n cer  therapv in vvhich a 
probe is in serted  through  the sk in  in  to the tum or, w ith  
the g o a l o f  k illin g  the tum or c e ìls  w ith  heat. 

r a d io n u c lid e  An atom  vvith an u n stab le  n u c leu s , vvhich  
a ch iev es  stab ility  by  em ittin g  e x c e s s  en erg y  in  ih e form  
o f  gam m a ravs and su b a to m ic  p a rtic les  (e .g ., p ositrơ n s). 
T he ra đ io n u clid e  nrost c o m m o n ly  u ú lized  in nu clear  
m ed ic in e  is tech n etiu m -9 9 m . 

rad iop h a rm a ceu tica l A b io lo g ic a lly  active m o le c u le  labelcd  
vviih a rad ion u clid e .

R a m sicd í e x tr a m u c o sa l p y lo r o m y o to m y  A Standard opera- 
tive ap p roach  to py loric  sten o s is ;  in v o lv e s  g rasp in g  ih e  
p yloru s, in c is in g  the se rosa  lo n g ilu d in a lly , and sp rea d in g  
or d iv id in g  the th ic k e n e d  p ỵ lo r ic  m u sc le  u n til the  
m ucosa  is  b u lg in g  b e tw een  the  separated  h a lves o f  the  
pylơrus.

rapid r e sp o n s e  p e p tid e s  M o le c u le s  p ro d u ced  rap id lv  at s ites  
o f  an in jury w h ic h  íu n c tio n  to  stim u la te  the repair  
p rocess.

RAST (r a d io a lle r g o so r b e n t te s t)  A tes.l thai m casu rẽs  
a llc r g e n -sp e d íìc  im m u n o g lo b u lin  E in  the seru m  o f  
p a iien ts .

rcactive  m c ta b o lite s  P rod ucts resu ltin g  from  the iransíorm a- 
tion o f  a p aren i co m p o u n d  hy  en zy m a iic  reaction s, 
prin cip a lly  in the liver. M o si p ro d u ced  m eta b o lites  are 
n o n io x ic  and  ĩa c iliia le  th e  e lim in a tio n  o f  drugs. O cca sio n -  
ally , m e ia h o lite s  are u n siab le  and react w iih  cc llu lar  
stru c lu res , thus ca u sin g  cell d am age thai rep resen ts a 
niitjoi m cclian ism  lcad in g  lod ru g-L n du ced  h ep a to lo x ic ily . 

reactive o x id a n t  s p e c ie s  C o m p o u n d s  cìerived from  o x y g en -  
m ecliated  reaction s. 

r ece p to r  A m olecu la r  stru ctu re  w ith in  or o n  the su ríace  o f  a 
ce ll that b in d s to a speciH c lig a n d  and  in itia te s  a ce llu lar  
resp on se . T he largest c la ss o f  recep to rs is  the G -prote in -  
co u p led  receptor íarnily. 

r e cc p to r -a sso c ia tc d  m em b ra n e  p ro te in -1  (r e c e p to r  a ctiv ity -  
m o d iíy in g  p r o te in )  A s in g le -m em b ra n e-sp a n n in g  pro-  
te in  req u ired  to g u id e  the in tracellu lar  tra ííìck in g  o f  
ca lc ito n in  recep to r-ỉik e  receptor to  the ce ll m em brane  
and to e n d o w  ít w ith  h ig h  a ffin ity  for ca lc ito n in  g en e -  
related  p ep tid e . 

receptor component protein An in tracellu lar  p ep tid e  
irnporiam  íor c o u p lin g  c a lc ito n in  recep to r-lik e  receptor  
lo  the G protein  G s /a d en y la te  cy c la se  sign al tran sd u ction  
pathw ay.

R eco m m en d e d  D ietary  A llo w a n c e  (R D A ) T he average dai ly  
dietary in tak e level that m eets the n u  tri e m  req u irem cn ts  
o f  n early  all ( 9 7 —98% ) h ea lth y  p e r so n s  o f  a sp e c iíìc  se x ,  
age, life  stage, or p h y sio lo g ica l c o n d itio n  (su c h  as 
pregn ạn cy  or lacta tio n ). 

rectal n e c k  A n other term  for the anal canal. 

rcctal p ro c id en tia  A c ircu m feren tia l fu ll-th ick n css  in tu ssu s-  
cep tio n  o f  the rectum  in  w h ic h  the lead  p o in t o f  the 
in tu ssu sc c p iio n  d e sc e n d s  th ro u g h  the anal canaỉ.

recto a n a l re ílex  A re ílex  re laxation  o f  co n ir a c tile  Lonc in the  
in tern al anal sp h in c ter , ev o k ed  by  d is te n s io n  o f  the  
rectum .

r e c to p e x y  F ixa tion  bv  su tu re  or p ro sth e tic  m esh  o f  ih e  
m o b ilized  rectu m  to the presacral íasc ia  (to  p rev en l  
recia l in tu ssu sc e p tio n ) .  

rec lu m  T h e m o st d ista l p o rtio n  o f the  c o ìo n . 
recu rr en l a b d o m in a l p a in  P aroxysm al a b d o m in a ỉ pain  that 

p ersists  for greater than 3 m o n th s  d u ration  an d  affects  
n orm al activ ity . 

recu rren t p a n c r e a titis  R ecurrent in íla m m a tio n  o f  the  p an- 
creas.

re ílu x  Backw ard ílovv or m o v em e n t, as in reQux o f  c o n te n ts  
from  the sto m a ch  in to  the e so p h a g u s. 

re íra cto ry  c e lia c  d ise a s e  C eliac  d isea se  that is  n o i r e sp o n s iv e  
to  6  m o n th s o f  a strict g lu ten -free  cliel. 

reg io n a l b lo c k in g  p r o c e d u r e  A m ethocl o f  in ịe c iin g  loca l 
a n esth es ia  u n d er the sk in , but arou n d  the  n ervcs ih a i are 
su p p lied  to a sp e c iíìc  area. 

reg io n a l c n te r it is  In ílam m ation  o f  a reg ion  o f  ìn te stin e . 
re g r c ss io n  T he p ro cess  o f return o f  liver  p aren ch v m a  tovvard 

a norm al h is to lo g ic  ap p earan ce, as in  reg ress io n  o f  
cirrh osis.

R eiter’s  sy n d r o m c  A ch ro n ic  íorn i o f  in íla m m a to ry  a rth riù s  
ch aracterized  by  the in íla m m a lio n  oí the  jo in ts , the  ey es , 
and the g en ỉta l, urinary, or gastro in testin a l sy stem . 

r e jec tio n  T he im m u n e  re-action o f  a iran sp la n t r e c ip ie n t  to  
íoreign  t issu es (a n ù g e n s )  after a llo g ra íl ira n sp la n ia tio n , 
w ith  p r o d u c tio n  o f  a n iib o d ie s  and  u llim a te  d estru c tio n  
o f  ih e  tran sp lan ied  organ. 

renal R elaù n g  to or a íícc tin g  the k id n cy  íu n ctio n . 
ren a l ía ilu re  L oss o ík id n e y  íu n c tio n , e ith er  a cu te  or ch ro n ic ,  

that resu lts  in  a zo tem ia  and sy n d ro m e  o f  u rem ia. 
ren n in -a n g io te n s in -a ld o s te r o n e  sy s te m  T he v a so a c iiv e  sy s-  

tem  ihat ca u se s  renal v a so c o n str ic tio n  an d  r e te n tio n  o f  
so d iu m  a n d  w ater. 

r e p c r íu s io n  R estora tion  o f  b lo o d  fìow  fo llo w in g  a p e r io d  o f  
isch em ia .

re s is ta n t  s ta rch  T h e  p o rtio n  o f  in gested  starch  that e sca p cs  
d ig estio n  in ih e  sm all in tc stin e . 

r e s titu tio n  T h e p ro cess  b y  vvhich su rv iv in g  c e lls  at the  ed ge  
o f  a w o u n d  m igrate a cross the  d en u d ed  area to  
reesta b lish  ep ith e lia l co n tin u ity . T h is p ro cess  is  n o t  
d ep en d en t o n  c e ll  p ro liferation .

RET A g en e  that e n c o d e s  íor a recep to r  ty ro sin e  k in a se . 
re tch in g  A s tr o n g  in v o lu n ta ry  effort to  v o m it. 
re t ic u lin  sta in  A h isto c h e m ic a l sta in  that h ig h lig h ts  the  

d elica te  co lla g en  íìbers. 
r e t ịn o id s  N a tu ra lly  o ccu rr in g  c o m p o u n d s  w ith  v ita m in  A 

activ ity  and  sy n th e t ic  a n a lo g u es w ith  or w ith o u t  v ita m in  A 
activ ity . T h ese  in c lu d e  an a lo g ư es su c h  as iso tre tin o in  
(1 3 -ã s -r e t in o ic  a c id ) that are u sed  m e d ic a lly  to treat acn e. 

r e tin o p a th y  R etinal ch a n g es  o ccu rr in g  in  d ia b e le s  m e llitu s ,  
m arked by  m icro a n eu ry sm s, ex u d a te s, a n d  h em o rrh a g es, 
and so m e tim e s  by n eo v a scu la r iza tio n . 

re tin y l e s te r s  Fatty acicl co n ju g a tes o f  re tin o l that are the  
prim ary storage form  o f  v itam in  A in an im al Lissues.



re tr o íle x in g  T h e p o sit io n in g  o f  ihe tip o f  an e n d o sc o p e  so  
that it  is  turned  arou n d  180° lo  provide a backw ard vievv. 

r e tro p er ito n eu m  T he sp a ce  b eh in d  the p eritoneal cav ity  and  
anterior lo  the m u sc le s  and b o n es o f the back, the site  o f  
the b lo o d  v esse ls , n erves, and  lym ph n od es a ssoc ia ted  
w ith  the ab d om in al viscera. 

rev erse  c h o le s te r o l ira n sp o rt T h e  p rocess th rou gh  w h ich  
h ig h -d en s ity  lip o p r o te in  acqu ires ch o lestero l frotn per- 
ipheral c e lls  and iransports and d elivers il to the liver for 
se cre lio n  in to  b ile  or for u se  in  the syn th esis  o f  b ile  salts. 

rh eu m a to id  fa cto r  An au to a n tib o d v  directecl against im in u n e  
g lo b u lin  that is p resen i in rheu inato íd  arthritis. 

rh y th m ic  p h a s ic  c o n tra c tio n s  R egularlv o ccu rrin g  con trac- 
tions o f  c o lo n  m u scu la tu re  thai causc m ix in g  and slovv 
net d ista l p r o p u ls io n  o f  d igesta . 

rib avirin  A g u a n o sin c  an a logu e thai has antiviral and  
im m u n o m o đ u la to ry  effects; in creases the su sta in ed  viral 
resp on se  rate o f  in ter íeron  w h en  the co m b in a tio n  is u sed  
to treat p a tien ts w ith  ch ron ic  h ep atilis  c  virus. 

r ick e ts  A d isea se  c a u se d  by v itam in  D or p h o sp h a le  d eíĩ- 
c ien cy  d u r in g  ch ild h o o d ; il is  characterizcd by lack  o f  
grow th  p la le  íu s io n  and bowinj> ol the lon g  h o n e s , w ith  
d e ỉec tiv e  b o n e  m a ư ix  m ineralization . 

r ifa x im in  An u n licen sed  and poorlỵ  absorbed an tim icrob ia l 
agent w ith  a ctiv ity  against en icric  bacterial p a th o g en s, 
effective in  red u cin g  the duration  o f diarrhea w h e n  u sed  
therap eu tica lly .

R NA e d it in g  A ío n n  o f  p osu ra n st ripiional m ocliíìcation  in  
w h ich  ih e  n u c le o tid e  sc q u en ce  o f  ihe transcript is 
m odified  from  ibal en cu d ed  in the gen om e.

R NA p o ly m e r a sc  T he viral cn zvm c ìiccclccl to rcp lica ic  the 
d ou b le-stran d ed  RNA viral g en o m e in the m am m alian  host. 

Rome II criteria The consensus iTÌteria developeđ to 
d iag n o se  sp h in cter  o f  O ddi dysfunction .

R otor sy n d r o m e  A g en etic  d isorder ol u n clear e tio lo g y  
characterized  by con ju g a ted  hyperb ilirubinem ia. 

R oux-cn-Y  A su rg ica l a n a sto m o sis  betvvecn the c o m n io n  b ile  
d u ct and thc jeju n u m .

sa ccu la r  a n eu ry sm  An eccen tr ica lly  sh ap ed  an cu rysn i. 
sa livary  h y p o fu n c lio n  T he o b jective  d im in u ú o n  o f  salivarv

OULpUL.

sa lv a g e  th era p y  A n tim icrob ia l reg im ens designecl 10 be u sed  
after the ía ilure o f  first-line therapies. 

sa m p lin g  reflex  A p ro cess in  \vh ich  in tcm al and external 
anal sp h in c ters sp o n ta n eo u sly  rtiax  for b rie í p erio d s, 
a llo w in g  the c o n ie n ts  o f the recium  10 be e x p o se d  to the 
sen sory  receptors in the u p p cr ànal canal.

Sapovirus R ecen tlv  ad op ied  n a m e 10 design ate thc g en u s o f  
ihe viral fam ily , C aliciv iridae; previouslv  ca lled  Sapporo- 
lik e v iru se s  or c la ssic  calic iv iruses. 

sa r co p en ia  A g e-d ep en d en l lo ss  o f  skeleta l m uscle  íib ers and  
their rep la cem en t bv in tram uscular lai in ihe e ld erlv , 
lead in g  to red u ced  stren gth  of giiit and p red isp o s itio n  
to falls.

sa iu r a t io n  A íraction  or  p ercen tage d e sc r ib in g  the ch o les tero l  
c o n cen tra lio n  o f  a b ile  sam p le  rc la tive  10 its  eq u ilib r iu m  
so lu b ililv  (at sa tu ra tio n ). M alh em a tica lly , it is the  
c h o les tero l c o n cen tra lio n  d iv id ed  bv ih e  eq u ilib r iu m  
so lu b ilily  in  the sam p le , or ihat p red ic ted  to h o ld  for a 
sam p le  based  on  stu d ie s  o f  m o d e l sv s te m s s im u la tin g  b ile. 

savary dilator A ílexible polyvinyl dilator with a Central 
guidc-wire lum en. Used to dilate esophageal strictures. 

S ch a tzk i ring A Rbrous ring o f  Lissuc at th e  eso p h a g o -g a str ic  
m u co sa l ịu n c tio n  that can  cau se  d ysp h agia . 

sc in tig ra p h y  The p r o c c ss  o f  o b ta in in g  im a g es w ith  a gam m a  
cam era.

sc lero sa n t An agent (u su a lly  liq u id ) that, w h en  in ịe c ie d . 
c a u se s  th ic k e n in g  an d  Rbrosis in lissu e . U sed  in  u p p er  
g astro in testin a l e n d o sc o p y  to co n tro l b leed in g  Irom a 
v esse l.

sclerosing cholangiús Slowly Progressive inllammatory 
scarrin g  o f  b ile  d u c ls , lead in g  ev en tu a lly  to  liver iailure; 
m ay o ccu r  in a sso c ia tio n  w ú h  u lcera ú v e  co litis . 

sc lero th er a p y  The in je c lio n  o f  a h igh lv  irritating su b sta n ce  
in to  a b lo o d  v e sse l, w h ich  ca u se s a c lo t to  form. 

s c o le x  T h e heacl o f  a tapew orm .

se co n d a r y  b iliary  c ir r h o s is  E n d -stage liver  d isease  d u e  to  
o b s ir u c ú o n  o f ex trah ep atic  b ile  d u c ls , w h ich  lea d s to 
c h o le s ta s is  and p ro liíera tio n  o f  sm a ll b ile  d u cts  and  
ĩibrosis.

sc co n d a r y  p r o p h y la x is  P reven tion  o f  recurrent variceal 
h e m o r rh a g e  ÍI1 a  p a tie n t  w h o  su f fe rs  a f irs t e p is o d e  ol 
variceal b leed in g . 

se co n d a r y  sp read  T ra n sm issio n  o f  in fc c tio n  from  an in d ex  
case  10 c lo se  co n ta cts . In lo o d b o rn e  d isea ses , th is u su a lly  
is  Via fecal-oral co n ta m in a tio n  o f  foodstu ffs. 

sc c o n d  m c sse n g e r  An in tracélỊu lar m cd ia to r  p ro d u ced  in 
resp o n se  lo  the b in d in g  o f  a g o n is l to its  sp e c iíic  receptor. 
T h ese  s ig n a lin g  m o lc c u lc s  a c tiv a ie  e ffector  m o le c u le s  
e ilh e r  d irectlv  or v ia  a c tiv a lìo n  o f  p ro te in  k in ases; e .g ., 
c y c lic  AM P.

sc crc ta g o g u e  A su b sta n ce . su ch  as a h o n n o n e  or paracrine  
s ig n a l, that st im u la tes se cre iio n . 

sc c r c t in  A gastro in testin a l p ep tid e  h o r m o n e  that s t im u la tes  
b icarb on ate and ílu id  se cretio n  ữ o m  p an creatic  d u cts . 

se c r e ú o n  T h e active or p assive m o v e m e n t o f  a su b sta n ce  
from  the bloocl s id e  o f  the gu t (sero sa l) to  the lum eri oi' 
the gu l (m u c o sa l s id e ) . 

se c r c lo m o to r  Iieu ro n s The n eu ro n s in  the en ter ic  n erv o u s  
sy stem , w h ich  inn ervate the in ie stin a l crvp ts o f  L icber- 
k u h n  to ev o k e  the se c r e lio n  o f  w ater, e lec tro ly tes , and  
m ucus.

se cre to ry  c o m p o n c n t  T he external d o m a in  o f  the p o ly m e r ic  
im m unoglobulin  receptor; rem ains attachcd to the 
se creted  an tib od v . 

se c r e to r y  d iarrh ea  A điarrheal il in e ss  thai is driven  by the  
a cd v e  se cre tio n  o f sa lt and vvater bỵ in resún al e p ilh e lia l 
cclls .

se c r c io r y  gran u le  A m em b ra n e-b o u n d  v c s ic le  c o n ta in in g  
c o n d e n se d  secre io rv  m aterial.



se c to r a l b ile  d u c ts  B ile d u c ts  lorm ecỉ by  the m erg in g  o f  
se g m en ta l b ile  du cts . 

se g m c n la l  b ile  d u c ts  Bile d u c ts  d ra in in g  se g m e n ts  o f  the  
liver.

se g m e n ta tio n  A sp e c iíĩc  p a ltern  o f  sm a ll in te stin a l m o tility  
thai starls w ith  Lhe in g e st io n  o f  a m ea l an d  a c c o m p lish e s  
m ix in g  o f  ih e  c o n te n ts  in the lu m e n ; a lso  ca lled  d ig estiv e  
m o tility .

s e n c s c e n c e  A n age-d ep en d ev u  d e c lin c  ìn p h y sio lo g ica l 
c a p a cities  an d  a n atom ic  in tegrity  thai p ro ceed s th rou gn - 
ou t a tlu lih o o d .

se p tu m  The linear íìb rou s array that su b d iv id es  the  
p aren ch ym a. Septa are a c tu a lly  p la n e s  w h en  se e n  in  
threc tlim en sio n s . 

s e q u e s tr a lio n  R eten ú o n  o f  lo rm ed  e le m e n ls  o f  the b lo o d  as 
ih cv  pass th ro u g h  the sp le e n , o íte n  lea d in g  to  their  
d estru c tio n  or to en la rg em en t o l the sp lee n . 

se r in e  p r o te a se s  A fam ily  ol' p r o te o lv tic  e n zy m es vviih a 
c o m m o n  m ech a n ism  ()f a c tio n  in v o lv in g  a ser in e  resid u e  
ai th e  active site . 

se r in e /th r e o n in e  k in a sc  11 A g e n e  tHat is m utated  in  
p a tie m s w ith  P eu tz-jeg h ers sy n d ro m e. 

se r o g r o u p in g  T h e c a ie g o r iz a lio n  o l bacteria  in to  g ro u p s w ilh  
sim ila r  carb oh yd rate-b aseđ  su rface  a n lig e n s . T ests  are 
d o n e  by a g g lu tin a tio n  w iih  d efin ed  an tisera . 

se r o sa l e o s in o p h ilic  g a s tr o e n te r it is  E o s in o p h ilìc  in liltra tion  
e x ie n d in g  in to  the sero sa l layer  o f  the gastro in testin a l 
tract. résu ltin g  in sy m p to m s su c h  as ab d o m in a l d isten -  
sio n  and pain.

s e r o to n in  An a m in c  (5 -h y d r o x y tr y p ta in in e ) sy n ih c s iz e d  
from  tho a m in o  acicl L -tryptophan; has va r io u s im portant 
b io lo g ica l effects. 

se r o u s  c e l ls  Salivary g land  se creto ry  c e lls  ih a l p ro d u ce  a 
w a tery  sa liva  rích  in p r o te in s  w ith  en zy m a tic  or  
a n titn icrob ia l íu n ctio n s . 

serp in  (se r in e  p r o te in a se  in h ib ito r s )  A ía m ily  o f  c ircu la tin g  
m o le c u le s  that sh are stru ctu ra l s im ila r itie s  yet carry o u t  
d iv erse  p h y sio lo g ica l íu n c tio n s  in  the b od y . 

s e m m  a m y la sc  P an crea tic  a m ylase  in  the  serum ; th is se rv es  
as a rnarker o f  acinar cell d a m a g e , ì.e ., p an creatitis . 

sh o c k  A m arked d ecrea se  in  tissu e  p er fu sio n , u su a lly  
a sso c ia led  vvĩth a fall in  b lo o d  p ressu re  that d ep r iv es  
vital tissu es o f  o x y g en . 

sh o r l bcrvvel sy n d ro m e A sp ec tru m  o f  in le s t in a l m alabsorp -  
tion  thai o ccu rs  a fler  m a ịo r  rese c tio n  o f  the sm all 
in te s iin e .

sh o r t-ch a in  fatty a c id s  O rgan ìc a c id s  p ro d u ced  by a n aerob ic  
ỉerm en ta tio n  of u n d ig e ste d  ca rb oh yd rates w ith in  the  
c o lo n ic  lu m en .

sh ort la u  in v ers io n  reco v e ry  (ST 1R ) M agn ctìc  reso n a n c e  
p u lse  se q u e n c e  in w h ich  T l -  an d  T 2 -d e p e n d e n l co n tra sts  
are a d d itiv e  and sig n a l from  fat is  su p p ressed . 

s id e -to -s id c  p o r la ca v a l s h u n t  A su rg ic a lly  created  sh u n t  
p roir .o ting  flow  from  the p oria l v e in  in to  the ìn ferior  
vena  cava, b y p a ss in g  an o c đ u d e d  h ep a tic  o u tflo w  iract.

s ig m o id o sc o p y  A tech n iq u e  for o b ta in ín g  in tra lu m en a l 
v isu a liza d o n  o f  the rec lu m , sig m o id , and , u su a lly , left 
c o lo n , u tiliz in g  a fiber-op tic  en d o sco p e . 

s ig n a lin g  A se q u en tia l p r o c e ss  that resu lts in co n v e r s io n  o f  
an ex tra ce llu la r  e v e m  in to  an in lracellu lar  m essage. 

s ign a l tr a n sd u c e r s  an d  a ctiv a to rs o f  tra n scr ip tio n  (S ta t)  
P rotein s (S la t 1, Stat 4 , and Stat 6 ) in v o lv e d  in  T h l  an d  
T h 2  d ifferen tia tio n . 

sig n a l tr a n sd u c tio n  tn e c h a n ism s The ch em ica l and  m ech a n -  
ica l p ro cess  b v  w h ich  a p ep tid e  b in d in g  to its recep tor  on  
the ce ll m em b ran e resu lts in so m e  p h y sio lo g ic  eữ ect  
w ith in  a ce ll.

s ilc n t  c e lia c  d is e a s e  A sym p to m a tic  ce liac  d isea se  in  n atien ts  
w ith  an ab n orn ia l in te stin a l b iop sy . 

s ilv e r  s ta in  A  sp ec ia l sta in  u sed  to d etec t  íu n gal o rg a n ism s  
1101 s e e n  by regu lar m icroscop y . 

s in u so id  T h e cb a n n el betvveen the h ep a tic  cords. 
s in u s o id a l o b str u c t io n  sy n d ro m e A n o n th ro m b o tic  ubstru c-  

tion o f  ih e  h ep a tic  c ircu la tion  w ith  su b seq u em  cen tr ilo b -  
ular s in u so id a l G brosis and , o íten , fibrotic ob litera tio n  o f  
h ep atic  v e n u le s . F o rm er ly  k n o w n  as h ep atic  v e n o o c c lu -  
sive  d isea se .

S is le r  M ary J o se p h ’s n o d u lc  A p cr iu m b ilica l m ass that m ay  
c o n ta in  ly m p h  n o d e  meLastases (rom  a p er ito n ea l so u rce  
o f  m a lign an cy .

s itu s  in v e r s u s  v isc e r u m  A c o n d iú o n  in  w h ich  the v iscera  are 
tran sp osed  in  ih e ab d o m in a l cav ity , w ith  the liv er  on  the  
left s id e  and the sto m a ch  and sp lee n  o n  the 1'ight. 

S itzm a rk er  c o lo n  tra n sit te st  A tech n iq u e  u sin g  rad iop aq u e  
markers to calculate segmental and Cữlon transìt by 
c o u n tin g  m arkers o n  ab d om in al “rad iographs”.

S jõgrcn ’s  sy n d r o m e  An im m u n o lo g ica l d isord er c a u s in g  
m u c o s a l  a n d  c o n ju n c t iv a l  d ry n e s s  f ro m  P ro g re s s iv e  
d estru c tio n  o f  e x o c r in e  g lan d s and a sso c ia led  w iih  o lh er  
a u to im m u n e  p h en o m en a . 

sk in -p r ick  te st  A p ro ced u re  in w h ich  a sm all n eed le  o r  la n ce l 
is p ressed  ih ro u g h  a com m ercia] ex tract o f  a fo o d  in lo  
the ep íd erm is . T h e p resen ce  o f  im m u n o g lo b u lin  E 
against the fo o d  te sted  resu lts in a m easu rab le w h ea l-  
and-flare reaction . 

s lid in g  h ia ta l h ern ia  A d e íec t  in w h ic h  the g a stro eso p h a g ea l 
ju n c lio n  an d  so m e  p o rtio n  o i the sto m a ch  are d isp la ced  
ab ove the  d iap h ragm , but the sto m a ch  a x is  rem ain s  
u nchangecl.

s lo w  \v a v es  P er io d ic  sp o n ta n eo u s d ep o la r iza ũ o n  o f  sm o o th  
m u sc le  c e lls  that regu la le  the m a x im u m  ĩreq u en cy , 
d irec tio n  o f  p ro p a g a ù o n , and ú m in g  o f  occu rren ce  o f  
c o n tra c tio n s  on  r ece iv in g  an ex c ita to r y  sign al from  the  
m o to r  n eu ron s. 

sm a ll b o w e l b acteria l o v erg ro w th  E x cess bacteria l co u n ts  in  
an y area o f  the sm a ll b o w el, u su a lly  greater than  1 0 10 
c o lo n y -ĩo r m in g  u n its /m l. 

sm a ll b o w e l s e r ie s  R ad iograph ic ex a m in a tio n  o f  the sm all 
b o w el.

sm a ll in te s t in e  T h e an ato in ica l stru ctu re that c o n s is ts  o f the  
d u o d e n u m , je ju n u m , and ileu m , w h ere m o sl d ig e sđ o n  
and a b so rp tio n  o f  n u trien ts takes place.



so d iu m  ta u r o ch o la te  A b ile  sa lt that in d u c es  pan creatitis  
w h e n  in je c ied  retrograde in to  the pancreatic  duct. 

so i l in g  T h e in vo lu n tary  seep a g e  o f  feces thai is ử eq u en tly  
a sso c ia ted  w ith  fecal im p a ctio n  and w h ich  reOects 
s ta in in g  o f  the underw ear. 

so lita r y  rccta l u lcer  sy n d ro m e  A c o n d itio n  that is c lin ica llv  
ch ara cter ized  by a d istu rb an ce o f  d efeca tio n , b lood  and  
m u c u s  per rectu m , and  ab n orm alities o f  the rectal w all 
ra n g in g  from  eryth em a to p o ly p  form alion  to u lceration . 

so lu b il ity  p ro d u ct T he m ath em atica l p rod u ct o f  the  
c o n c e n ư a t io n  o f  the an ion  tim es the con cen tra tio n  o f  
the ca tio n  o f  a salt that has a lo w  so lu b ility  in w ater. 
w h e n  the so lu b ility  p rod u ct o f  a sa lt is e x c e e d e d , the  
so lu t io n  is su p ersaturated , and the salt can  p o ten lia lly  
p rec ip ita ie  ừ o n i so lu tio n . 

so m a tic  m u ta lio n  An acqu ired  m u ta iio n  in a n o n -g erm -lin e  
tìssu e .

so in a t iz a t io n  d iso rd er  A psych ia tr ic  illn ess that occu rs  
p red o m ĩn a n tly  in w o m en , characterized  by m u ltip le  
p h y sica l co m p la in ts  ih ro u g h o u t the body's organ  system  
w ith o u t  m ed ica l exp lan ation . 

so m a to ío r m  D escr ib in g  p h ysica l sy m p to m s su g g es lin g  a 
m e d ic a l b asis  b ut vvilhoul m ed ica l ex p la n a ú o n . 

so m a to s ta tin  A p ep lid e  h o rm o n e producecl in the stom ach;
in h ib its  gaslr ic  a c id  se cre tio n  and g a sư in  secretio n . 

Sonic hcdgehog One member of a íatnily of signaling 
p ro te in s  o rig in a lly  d escrib ed  in Drosoplĩila. S on ic and  
In d ian  h e d g e h o g  p ro te in s are key regu lators o l gasl.ro- 
in te stin a l m o rp h o g en esis . 

space o f D issc A Virtual space located between the sinusoidal 
e n d o th e lia l lin in g  and ih e  p aren ch ym al h cp ato cy ie  
p o p u la tio n .

sp c c ir a l D o p p le r  A d ìsp lay  o f  the co n stitu e n t c o m p o n e n is  o f  
ih e  D o p p ler  signal over  tim e. 

sp h in c te r  A r in g lik e  band o f  m u sc le  libers that co n str ic ls  a 
p assage or c lo se s  a natural or iíice . T he m u sc le  m ay be 
sk e le ta l as in  the upper esop h agea l and external anal 
sp h in c ters , or sm o o th  as in ihe lovver esoph agea l and  
in tern a l anal sp h in cters. 

sp h in c te r  a b la tio n  T he su rg ica l rem oval o ĩ  a sp h in cter . 
sp h in c te r o to m y  An in c is io n  or d iv is io n  o f  a sp h in cter , 

esp e c ia llv  the sp h in c ter  o f  O ddi. 
sp h in c te r  o f  O d d i M uscular reg io n  su rro u n d in g  the d istal 

e n d s  o f  the co itim o n  b ile  d u ct and pan crea tic  d u ct as thev  
en ter  the d u o d en u m . w h e n  co n str ic teđ , th is sp h in cter  
p rev en ts flow  o f  b ile  and p an creatic  ju ic e  in to  the  
đ u o d e n u m  an d  restriets re ílu x  ot d u o d en a l co n ten ts  back  
in to  the b ile  and pancreatic ducts. 

sp in a l a n e s th e s ia  A tech n iq u e  in vvhich local a n esth e tic s  are 
p la ced  vvilhin ihe flu id -filled  sack  arou n d  the sp ina l 
co rd , b lo c k in g  nerve im p u lses. 

s p la n c h n ic  M esen teric  or in testin a l in  orig in . 
s p le n ic  íle x u r c  T he se c lio n  o f  the c o lo n  rep resen tin g  the  

ira n sit io n  from  the transverse c o lo n  10 the lefl c o lo n , 
tv p ica llv  loca ted  in the lef[ u p p er quadrani o f  ihe  
a b đ o m en , in ier ior  lo  the sp leen . 

sp le n o m e g a ly  A n abnorm al in crease in  the s iz e  o f  the sp leen .

sp o n ta n e o u s  b a cter ia l p e r ito n it is  A prim ary in ĩe c t io n  o f  
a sc itic  fluid  in p atien ts w ith  ad van ced  liver  d isea se . 

sp ru c  See TROPICAI. SPRUE.
sq u a m o u s  D escr ib in g  a ílat type o f  ep ith e liu m  c la ssified  by a 

type o f  ce ll w h o se  \v id th  is n iu ch  larger than  its  h eigh l. 
sta b lc  iso to p e  A n iso to p e  co n ta in in g  m ore or few er  n eu tro n s  

in the n u c leu s  than ih o se  ob served  in the m o st ab u n d an l 
form o f  the e lem en t. 

stea to rrh ea  T he p resen ce  o f  s ig n iíìca n l u n d igested  fat in  the 
stool; a m arker o f  inadequate or in co m p le te  d íg estio n  o f fat. 

s te a to s is  T he a ccu m u la tío n  o f  fat vvithin the ce lls  o f  an 
organ , su c h  as the liver, re su liin g  in d im in ish e d  func- 
t io n in g .

s te lla te  c e l ls  F acu hative  íibrob lasts resid in g  in  the su b -  
en d o th e lia l sp a ce  o f  s in u so id s . 

s te m  c e ll  A ce ll vviih ihe cap acity  to p ro d u ce  d ifferen tia ted  
ce lls  o f  m ore ihan  One lin ea g e  or m ulLiple lin ea g es  
NvithouL lo s in g  the capacity  for selí-renevval. 

s te n o s ís  An area o f  narrow ing , é sc p e c ia llỹ  a p a th o lo g ic  
n arrow in g  or stricture o f  a d u ct or passagew ay  thai: m ay  
be e ith er  acq u ired . e .g ., by rad ìation  in jury to the 
eso p h a g u s , or c o n g en ita l, e .g ., e so p h a g ea l s ten o sis . 

s te n l A h o llo w  p la stic  tube in serted  in to  a n arrow in g  in  a 
Iract o f  the b o d y  as a n o n o p era tiv e  m eth o d  o f w id en in g  
the d iam eter  o í  the passage. 

s lig m a ta  E n d o sco p ic a lly  v is ib le  s ig n s  o f  recent hcm orrhage  
su ch  a s activ e  b leed in g , aclherent c lo t , or v is ib lc  vesse l. 

sto m a ch  T h e part o f the gastroin tesU nal tract that lies  
b etw een  ih e  eso p h a g u s and the đ u o d en u m . 

sto m a c h  p o ly p  A raised n iass in the in n er lin in g  o f  the 
sto m a ch  ih a t p ro lru d es in to  the lu m en . 

s lo o l  o sm o t ic  gap  The d ifferen ce  b etw een  lu m in a l o sm o la lity  
and lu m in a l contenL o sm o la lily , ca lcu la led  by e lec tro ly tc  
m ea su rem en ts.

s tr e s s  A d ap tive p h y s io lo g ic a l re sp o n se  to a real or p erce iv ed  
threat to h o m e o sta sis; a na lu ra l system  to p ro tect the 
in d iv id u a l an d  restore eq u ilib r iu m  10 the sy stem , b ut a lso  
can  h av e  h arm íu l e ffe c ls  over tirne. 

s tr e s so r  A ny extern al or in ternal p h y sica l. b io lo g ica l, 
e n v ir o n m e n la l, or situ a tio n a l faclor ihat can  represent  
an actu a l or p erce iv ed  threai lo  h o m e o sta sis . 

str ia ted  d u c ts  ln tra lob u lar  sa livary d u cts w iih  a striated  
ap p earan ce d u e  to m em b ran e in ío lđ in g s  and align ed  
m ito ch o n d ria ; active in  e lectro ly te  se creú o n  and absorp- 
tion .

str ic tu re  A n arrow in g  or s ie n o s is  o f  a lio llo \v  stru ctu re, 
u su a llv  c o n s is t in g  o f  cicatricia l con tracture  or d e p o s ilio n  
o f  ab n orm al tissu e . 

s tr o b ila t io n  T h e p ro cess bv vvhich a tapew orm  gro w s in an 
a n ier io r  to p o ster io r  d irection .

S -typ c e n te r ic  n eu ro n  A n eu ron  iden ũ R ed  bv s p e c ia liic d  
e lectr ica l b eh av ior  that in c iu d es  e leva ted  ex c iia b iỉity  and  
ih e  u n iv ersa l p resen ce  o f  fast ex c ita lo ry  p o stsy n a p ú c  
p o te m ia ls  and D og ie l T ype 1 neu ron  m o rp h o lo g y . 

su b c o n ílu e n i D escr ib in g  ce lls  ai lovv d en sity  thai have not 
vel íorm ed  a c o n ù n u o u s  laver.



su b íu lm in a n t livcr ía ilu re  A cu te  h cp a titis  a c co m p a n ied  bv 
e n cep h a lo p a ih v  that b eg in s after 2 vveeks, but w ith in  
8 - 1 2  w e e k s  from  th e p resen ta tio n  o f  ịau n d ice . 

su b jec tiv e  g lo b a l a s s e s sm e n t  A c o m p r e h e n siv e  a sse ssm e n l 
o f  n u trition a l sta tu s u sin g  b o th  o b je c tiv e  an d  su b jectiv e  
c lin ica l íin d in gs. 

su b m u c o sa l tu m o r A  gro w th  o f  t issu e  in  th e  in te stin a l w a ll 
that o r ig in ates from  the su b m u c o sa , from  th e m u scu la r is  
propria, or from  ex tr in sỉc  c o m p ress io n  b v  ad jacen t 
structures.

su b m u c o u s  p le x u s  (M e is sn e r s  p le x u s )  A netvvork o f  n erv es  
and sm all gan glia  íouncl in the su b m u c õ sa  o f  the  
in te stin e . It is c o m p o se d  o í o u ter  and  in n er lavers and  
transm its se e re to m o to r  and  va so d ila to r  s t im u li to the  
m ucosa .

su cr a lía te  A basic a lu m in u m  salt o f  su cr o se  o c ta su lía te ; it 
p rotects m u c o sa l in teg r ity  loca ìlv  w ith o u t su b sta n tiạ lly  
altering gastric  pH. 

su p era n tig en  A p rote in  a n tìg en  ihat d iíĩer s  ỉrom  a c o n v e n -  
tional a n tig en  in  severa l a sp ec ts , e sp e c ia lly  its  ab ility  to 
e lic it  a m a ssiv e  cy to k in e  resp o n se , typ ica l o f  vvhat o ccu rs  
in K aw asaki sy n d rom e. 

su s ta in e d  s tr e s s  C h ron ica llv  o n g o in g  stressíu l s itu a lio n s  in  a 
p e r s o n s  life , e .g ., m arital p ro b lem s, d eath  o f  a íam ily  
m em ber, ch a n g e  in  ro le  in li ỉe , ch a n g e  in jo b , s ig n iíica n t  
financial loss.

sy m p a th e tic  n e r v o u s  sy s te m  A p o rtio n  o f  the n erv o u s  
syste in  tha i resp o n d s a u to m a tỉca lly  to stresses on  the 
b ođ y , su ch  as p erce iv ed  d an ger, p h y sica l ex er tio n , 
lem p era iu re  ch a n g e , and h em orrh age. 

sv n h io t ic  D escr ib in g  a m ix iu re  o f  p reb ỉo tic  and p ro b io ú c  

c le m c n is .
sy n c h r o n o u s  n e o p la s ia  T u m o rs (a d e n o m a s , a d en o ca rc in o -  

m as, or a c o m b in a tio n  o í b o th )  that are d ia g n o sed  at the  
sam e p o in i in  tim e. 

sy n c y tiu m  A group  o f  c e lls  that b eh a v e  as a u n it d u e to so m e  
íorm  o f  c o u p lin g  betwe-en c e lls  (e lec tr ica l c o u p lin g  in 
sm o o th  m u sc le s ). 

sy s te m ic  dra in age A p ro ced u re  in w h ic h  v e n o u s  e fflu en t  
írom  a graít is  d irected  to the sy s te m ic  c ircu la tio n  Via the  
ven a  cava, sơ  that it d o e s  tio t íìrst íìlter  th ro u g h  the livcr. 

sy s te m ic  in íla m m a to r y  r e s p o n s e  A  sy s te m ic  rea ctio n  o ccu r-  
ring after a variety o f  in su lts , in c lu d in g  in íe c t io n , traum a, 
isc h e m ia , or im m u n e-m ed ia ted  organ injury; in v o lv e s  
o n e  o f  m ore o f  the fo llo w in g : a ltera tion  in  b o d y  
lem perature; in creased  heart ra te; rapid  d eep  breath ing;  
ch an ge in w h ite  b lo o d  c e ll co u n t.

ta ch ygastr ia  Faster than the n orm a l (th ree  p er  rn in u te) 
electr ica l s ìo w -w a v e  activ itv  gen erated  b y  the sm o o th  
m u scle  ỉayer o f  the sto m a ch . 

ta ch ỵ k in in s  A ĩam ily  o f  n e u ro p ep tid es  sh a r in g  the sa m e  
carb oxv l-tern iin a l a m ỉn o  acid  se q u e n c e  c o m p r is in g  ihe  
m olecu lar  cen ter  o f  b io lo g ica l a ctiv ity  o f  each  p ep tid e . 
T he m an in ia lian  ta ch v k in in s inclucle su b sta n ce  p ancl 
n eu ro k in in  A and  B.

ta c r o lim ụ s  A p o ten t d ru g  that vvorks sim ila r ly  to cy c lo sp ơ r in  
b y b lo c k in g  T -cell reactiv iiy  to in te r leu k in -1  (IL -1 ) and  
th creíore  T -cell p ro d u ctio n  o f  IL-2. 

ta en ia  c o li  T hree str ip s o f  lo n g itu đ in a l sm o o th  m u sc le  
sp a ced  cq u id ista n d v  arou n d  the c ircu m leren ce  o f  the  
c o lo n .

targ eted  h o m o lo g o u s  r e c o m b in a tio n  A g e n e tic  tech n iq u e  
w h ereb y  a targeted  or d e íe c tiv e  g e n e  can  b e c lea v ed  from  
D N A  and rep laced  by a n orm al form  o f  th e  g en e. 

ta ste  b u d  A c lu ster  o f  8 0 -1 5 0  sp e c ia liz e d  e p iih e lia l ce lls;
resp o n s ib le  tor the in itia l ev en ts  o f  taste recep tio n .

T  c e ll  A th y m u s-d er iv ed  im m u n e  ce ll essen tia l for c e ll-  
m cd ia ie d  im m u n e  resp on ses; reco g n izes  o n ly  ío re ig n  
p r o te in /a n tig e n  in  the c o n te x t o f  m aịor  hisL ocom pat-  
ib ility  an iig cn s.

T c e ll r e c e p to r s  C o m p le x e s  on  ih e  su ría cc  o f  T ly m p h o c v te s  
that are resp o n sìb ỉe  for the re c o g n itio n  o í sp e c iíìc  
a n tig e n /m ạ ịo r  h is to c o m p a lib ility  g ly co p ro te in  co m -  
p lex es .

te la n g ic c ta s ia  A vascular a b n orm ality  o f  sm ail v e in s, a r ier ies , 
and  ca p illa r ies o f  the g a stro in testin a l tract. T he a b n orm al  
v esse ls  can  b eco m e  d ila ted , th in , and  írag ile , c a u s in g  
gastro in testin a l b leed in g . T c la n g iecta s ia s are m o s i co m -  
m o n ly  se e n  in the sto m a ch  and sm all in te stin e  an d  tend  
lo  b e m u lt ip le  rather than s in g le . 

t e n e s m u s  A p a in íu l sp a sm  o í  the anal sp h in c ter , ca u s in g  an  
u rgen t d esir e  to  evacu ate  the b o w e l or b lad d er and  
in v o lu n ta ry  stra ín in g , vviih the p assagc o f  litt le  ĩeca l 
m atter or urine. 

te n so s ta t  A com p u terizecl p u m p  that a p p lie s  íixed  ten sio n  

lev e ls  to  the w aỉl o f  h o llo w  viscera. 

term  n e w b o r n  A n Íníant born  at or after 3 7  w e e k s  o f  
gesta tio n .

T h e lp er  c e lls  S p ecia lized  T c e lls  (T  ly m p h o c y te s )  ih a t p lay a 
k ey  ro le  in  ih e  im m u n e  resp o n se . T h l  c e l ls  p a rũ c ip a te  in 
c e ll-m ed ia ted  im m u n itv ; T h 2  c e lls  are essen tía l for 
a n tib od y-m ec ỉia ted  im m u n ity . 

th o r a co a b d o m in a l a n eu ry sm  An an eu ry sm  in v o lv in g  the  
su p rarenal m esen ter ic  vesse ls; m ay a lso  in v o lv e  the  
d e sc e n d ỉn g  th oracic  aorta in  the ch est. 

th r o m b o c y lo p e n ia  A  red u ctio n  in  the n u m b er  o f  p la te le ts  in  
the c ircu la tin g  b lood . 

th r o m b o s is  Partial or c o m p le te  o b stru c tio n  o f  a v e sse l vvith a 
c lo t  o r ig in a tin g  at the site  o f  th e  o b stru ctio n . 

th r o m b o x a n e  A  p ro d u ct o í cy c lo o x y g e n a se  m eta b o lỉsm  in  
p la te le is; se ru m  c o n c e n tr a t io n s  o f  th r o m b o x a n e  co rre la te  
w ith  p la te le t activ itv . 

t ig h t ju n c t io n  A c o m p le x  o f  p ro te in s near the ap ical s id e  o f  
ep ith e lia l ce lls , a ctin g  as a barrier to the m o v em e n t o f  
m o le c u le s  b e tw een  the ce lls .

T lymphocyte See T CELL.
T N M  sta g in g  A  u n iversa l can cer  c la ss iíìca tio n  sy stem  t.hat is  

b a sed  o n  tum or ex tern  (T ), ly m p h  n o d e  sta tu s ( N ) ,  and  
the p resen ce  or a b sen ce  o f  d istan t m etastases (M ); 
p r o v id e s  a stan d ard ized  m easu re for p la n n in g  treatm en t  
and p red ic tin g  p ro g n o sis .



to lera b le  u p p er  in tak e le v e l T h e h igh est tevel o f chron ic, 
usual d a ily  n u trien t in tak e that is lik elv  to p ose n o  risk o f  
adverse h ea lth  effects to a lm o st everyon e in th ep o p u la tio n . 

T o ll-lik e  rec e p to r s  T ransm em b ran e suríace recep lors in- 
v o lv ed  in  the d e te c tio n  and recogn ition  o f p ath ogen  
structural d eterm in an ts. 

to n ic ity  A m easu re o f  the n u m b er o f  o sm o tic  p artic les w ith in  
a ílu id . Iso to n ic íty  refers to  a sim ilar n um ber o f  particles  
in  an in ira v en o u s so lu t io n  and in the b lood  plasm a. A 
h y p e n o n ic  so lu tio n  has a h igher con cen tration  o f a 
so lu te  than  is ío u n d  in  b lo o d .

TORCH iníection Toxoplasmosis, rubella, cytomegalovirus, 
and h erp esv iru s co n g en ita l in íec tio n s  associa ted  w ilh  
fetal m alío rm a lio n s. 

to ta l cn ergy  e x p c n d itu r e  A se t o f  eq u a tio n s that estim ate the 
energy  ex p en d itu re  n eed ed  to m ain ta in  current body  
w eig h t and  activ ity  levels . 

to ta l p aren tera l n u tr it io n  T h e p ro v isio n  o f co m p le le  
n u tr itio n  vía the ìn tr a v en o u s route. 

to x ic  m e g a co lo n  An a cu te  d is te n s io n  o í  the large b ow el, 
w h ic h  m ay ca u se  c o lo n ic  períoration  and usually  
req u ircs u rgcn t surgery. 

to x in s  A /B  H ig h -m o lecu la r-w eig h t protein  e x o to x in s  
released  from  to x ig e n ic  stra in s o f clostiidium  diffiíile. 
T he g en es  for lo x in s  A and B have been  c lo n ed  and  
fou n d  to be separated  by o n ly  1.2 kb 011 the c , dị[ficilc 
ch ro m o so m e.

tran sartcria l c m b o liz a tio n  C a th e ler iza lio n  o f  the hepatic  
artery via ihe íem oral artery and u sin g  various m oda lities  
to se le c tiv e ly  e m b o liz e  the b leed in g  vcssel. 

tra n sce llu la r  tran sp ort V ectoria l trnnsport o f matcrial 
through  the cy to so l o f  ep ith e lia l cells; resu lts in net 
m o v em e n t o f  m ateria l betvveen the tvvo com p arim en ts  
faced by ep ithe lia l cells . 

tra n sco b a la m in  A cob alam in -b in d ìn sỊ n o n g lv co sy la ted  pro- 
tein  thai isp r o d u c e d  by all ep ith e lia l ce lls , úrculaL es in ihe  
b lo o d , and delivers co b a lam in  to ih e  t issu cs o f  m am m als. 

tra n scr ip tio n  factor A n in tracellu lar  p ro te in  that regulates  
gen e  transcrip tion . 

tra n scr ip t m e sse n g e r  RNA T he required im erm ed ia te  
b etw een  the g en e tica lly  en co d ed  scq u en ce  and protein  
prod u ct.

tra n sep ith e lia l tran sp ort T he m o v em e n t o f  n u trien ts across  
the in te sú n a l m u cosa l laver, \vh ich  is m ade up o f  
ep ith e lia l c e lls  jo in e d  to g e llie r  bv tight ịu n ction s. 

tr a n se so p h a g e a l ech o ca rd io g ra p h y  E xam in alion  o f  ih c  heart
w ith  an u ltra so u n d  probe p la ced  through [he esoph agu s. 

tr a n s íe c te d  D escrib in g  ce lls  w ith  artilĩc ia lly  in iro d u ced  
g en es in  their c h ro m o so m es.  

tran síerrin  ( T f )  An iro n -b in d in g  m o lecu le  found  in  several 
co m p a rtm en ls in  the b od v . C ircu la tin g  transíerrin  carries 
iron  to and  from  b od y  tissu es  and m ay apprise in iestin a l 
ce lls  a b o u l b od y  iron  status. 

tran sferrín  recep to r  A p rote in  in v o lv ed  in en d o cv to sis  ol 
diferric transíerrin; b in d s the HFF: m o lecu le . 

tran sferrin  rccep to r  2 R ecently  d iscovered  protein  exp resseđ  
predom inantlv on hepatocvtes; rtlso involved in endocy-

to s is  o f  diferric ư an síérr in , but it is uncertain  if this  
receptor  b in d s HFE. 

t r a n s j u g u l a r  i n t r a h e p a t i c  p o r t o s y s l e m i c  s h u n t  P lacem en t o f  

a se lf-ex p a n d in g  m etal m esh  sten t b e tw een  the h ep a lic  
v e in  and a branch  o f  the portal ve in  vía an g iograp h ic  
ca th eters in se n e d  through a ịugu lar v e in . 

tra n sla tio n a l co n tro l T he reg u la lio n  o f  p ro te in  sy n th e sis  at 
the level w h ere  the m R N A  se q u en ce  is  transla ted  in to  ihe  
am in o  acid  seq u en ce  o n  the r ib osom e. 

tra n sm em b ran e p ro te in s P ortion s ol the p o ly p ep tid e  chain , 
u su a lly  lip o p h ilic  in nature; cap ab le  o í Iraversing the cell 
m en ibrane lip id  b ilayer, o lie n  m u lú p le  tim es. 

tra n sp h o sp h o ry la tio n  A ch em ica l rea c lio n  ihat in v o lv e s  llic  
Iransíer o f  a p h o sp h o r ic  grou p  írom  One co n ip o u n d  to 
another .

tra n sp la n ta tio n  T he transler o f  liv in g  o rgan s or lis su e  from  
o n e  in d iv id u a l to another . 

tran sp ort b y  p a ss iv e  d iffu sio n  A p ro cess  by w h ic h  a so lu te  
m o v es [rom One sid e  o f  the m em b ran e lo  the o ther  
w ũ h o u t the n eeđ  for a sp ec ia lized  tra n sp o r lin g  system . 

traveler’s  d iarrhea A term  for in íe c t io u s  d iarrh ea  acquired  
w h ile  traveling o u is id e  o w n ’s ow n  c o u n tr y  or reg ion , 
associa ted  w ú h  the co n su n ip tio n  o! u n ia m ila r  fo o d s and  
th e  gen era l effects o f  lo n g -d is ta n ce  travel. 

tr e fo il ía c to rs A íam ily  ol acid - and  en zy n ie -resis la n t  
p ep tid es  secreted  by the m u c in -se c r e iin g  c e lls  in the 
g a stro in tesd n a l tract; they  p rotect the g a sir o in ie s iin a l  
m u co sa  and assist u lcer  hea lin g . 

trem atod e A parasitic n o n seg m en ted  (la tw orm  o f  ihc class  
Trcm alocla in ih c  p h ylum  P la ly h e lm in th es; a lso  k n ow n  

as u íluke.
tr ig ly cer id e  A fat in vvhich fatty a c id s are e s ie r iíie d  to each  o f  

Lhe three a lco h o lic  grou p s. 
tr im e s ie r  O ne o f three p o rtion s o f  a p reg n a n cy  in tim e; the  

ỉĩrst, se co n d , and third trim esters ro u g h ly  corresp on d  10 
m on th s 1—3, 4 —6, and 6 —9.

Tropherỵma yvhipplei T he b acteriu m  c a u s in g  w h ip p le ’s 
d isease .

tr o p h o z o ite  The v eg e ia tiv e  or g ro w in g  form  o f  an organ ism , 
used  to d escrib e  an asexua l stage o f  a p r o to z o a n  organ ism . 

trop ica) sp ru e A d isord er ot u n k n o w n  ca u se  a ííe c ứ h g  p eop le  
liv in g  in tropical and su b trop ica l areas w h o  d ev e lo p  
ab n orm alities o f  che lin in g  o f  the sm all ìn te s t in e , lea d in g  
to m alabsorp tion  and d e fic ien c ie s  o f  m a n ỵ  n u lr ien ts . 

tro p ic  h o rm o n e s A c la ss o f  h o rm o n e s ihat p lav a rolc in  
stim u la tin g  b o w e l ad ap lation  bv e n c o u r a g in g  in testina l 
v illo u s  grow th  and in regu la tin g  in te stin a l m otilitv . 

T r o u s se a u ’s s ig n  (sy n d ro m e) R ecurrent or m igratory  super- 
Scial ihrom bophlebitis thai may be an early m aniíesta- 
tion o f  abdominal cancer or other system ic illnesses. 

tru c an eu ry sm  A tcrm  for the t)-pe ol a n eu rysm  thai in v o lv es  
all ih ree layers o f  arterial vvall. 

iru n ca l o b e s ity  W a ist/h ip  ratio (w a ist c ir c u m íe r e n c e  d iv id ed  
bv h ip  c ircu m íeren ce) equal to  or greater than 0 .8 5  and  
0 .9 0  in vvom en and m en . rc sp ectiv e ly . 

tru nca l v a g o to m y  D iv ision  and resectio n  o[ pari o f  the vagus 
nerves as they exit thc esophageal hiatus: eòm m ơnlv



períorm eđ  to p reven t vagally  m ed ia ted  gastric  acid  
secretio n .

Trypanosoma cruzi T h e b lo o d -b o r n e  proto-zoan parasùe  
resp o n sib le  íor Chagas' d isease . 

try p sin  Á pan creatic  d ig e s liv e  enzvrne w h o se  p rem ature  
a c iiv a iio n  w ith in  the  pan creas is  a co m m o n  ĩeatu re o í  
various m o d e ls  o f  p an creatitis . 

try p sin  a ctiv a tio n  p e p tid e  T h e a m in o -tern iin a l p o rtio n  o f  
try p sin o g en  that ís c lea v ed  to re lea se  trỵpsin . 

try p sin  in h ib ito r  p ro te in  A p an crea tic  secreto ry  p rote in  that 
in h ib its the a c tio n  o f  trypsin  and  íu n c tio n s  as a 
p ro icctiv e  m ech a n ism  to p rev en t in ad verten t activation  
o f  d ig estiv e  en zv m es vvithin the pancreas. 

try p sin o g en  A p an creaú c d ig estiv e  e n zy m e  that, o n ce  
activaiecl, has ih e cap acity  LO activate all the o th er  
p ancreatic  d ig es iiv e  en zy m es.

T -tub c A sv n ih e t ic  tub e in the sh a p e  o f  a UT ’ vvhose 
transverse lim b ste n ts  Lhe si te o f  an in c is io n  in the b ile  
d u ct a n d  w h o se  vertica l lirnb is  b ro u g h t th rou gh  that 
in c is io n  and  th ro u g h  the a b d o m in a l w all. Bỉliary  
a n atom y m ay be d efin ed  by the in jectio n  o f  con trast  
m aicrial througb the vertica l arm  and sto n e s  m ay be 
m anip u la ted  through  it. 

tu n ior  An ahnorm al c o lle c t io n  o f  c e lls  thai form  a m ass or 
polyp; in  the lay co m m u n ity , at t im es a ssu m ed  to  be  
eq u iv a len t to “can cer ,” a lth o u g h  tum ors can  b e e ith er  
m align an t ( i .e ., c a n cero u s) or b en ig n  (n o n c a n c e r o u s).  

tum or n c c r o s is  factor a lp h a  (T N F oí) A cy to k in e  that is 
im p ortan i in  the in ỉla m m a tio n  se e n  in CrohiV s d iseasc  
and rh eu n ia to id  arthritis seco n d a ry  lo  its effect on  
r  h c lp cr  1 im m u n e resp onses. 

tum or n c r r o s is  íactor b cta  (T N F |3) A  c y to k in e  re leased  ừ o m  
m a crop h ages that in d u c e s  b io lo g ica l cffects , in c lu d in g  
c y io to x ic ity , on o th er  ce lls . 

tu m or su p p r e sso r  g en e  A g e n e lic  se q u e n c e  e n c o d in g  a 
p rod u ct ihat n orm a lly  su p p r e sse s  tu m or ío rm a tio n  (anti-  
o n c o g e n e );  in activ a tio n  by m u ta tio n  or tran scrip tion al 
s ile n c in g  co n tr ib u tes to tum or íorm ation . 

typc 11! sc c r e t io n  ap p ara lu s A m a cro m o lecu la r  stru c lu re  on  
the su rĩace  o f  so m e  g ra m -n egative  p a th o g en ic  bacteria; 
required  for ih e  d irect tra n slo ca tio n  o f  bacteria l v iru -  
len ce  p ro te in s  in to  the c y to so l o f  the h o st ce ll. 

ty p h o id  ỉev er  A synclrom e ch a racterized  by h ig h  ĩcvers, 
ch ills , ab d o m in a ỉ pa in , b acterem ia , and  m etasta tic  
seecling o f  organs, b o n e s , an d  o th er  stru ctu res w iih  
bacteria. D iarrhea m ay or m a y  n o i be p resen t. T he  
principaỉ agen t is Sciỉmoneỉỉa enterica, se ro tv p es  T yp h i 
and Paratyphi; several rarer N T S se ro tv p es h ave b een  
o cca s io n a llv  im p lica ted  as w ell. Prior to the ava ilab ility  
o f a m ib io iic s , th is d isea se  w a s íreq u en tly  fatal. A lso  
callccl en ter ìc  fever.

u
u c  Sec l 1 .0 : RA 11 VE C.OLITIS.
u lcer  A break m  ihe lin in g  o f  the s to m a c h , d u o d en u m , or 

eso p h a g u s w h ere h y d ro ch lo r ic  ac id  and p ep sin  are 
presen i. u lc e r s  íorm ed  in the sto m a ch  are k n o w n  as

gastr ic  or sto m a ch  u lcers; u lcers ĩorm ed  in the fư s l  part 
o f  the sm a lì in te stin e  are k n o w n  as d u o d e n a l u lcers . T he  
e x a c t  e n d o sc o p ic  d e íìn it io n  o f  an u lcer  rem ain s co n -  
trov ersia l, vvith d isa g reem en t on  the le s io n  s iz e  (u su a lly  
3 —5 m m ), but m o st agree p ercep tio n  o f  le s io n  d ep th  is 
n ecessa ry .

u lc c r a tiv e  c o l i t is  (U C )  A c o n d itio n  o f  c h ro n ic  id io p a th ic  
in A am m atory  c o lit is , characterized  by o n g o in g  su p er-  
íic ia l in íla m m a tio n  ex te n d in g  to a vary in g  d eg ree  in a 
c o n t in u o u s  ía sh ỉo n  from  the rectu m  to  the p rox im al 
c o lo n .

u ltr a stru c tu ra l V isib le  u n d er  the e lec tro n  m icro sco p e . 
u n c in a te  p r o c e s s  T h e p ortion  o f  ih e p an creas th a t lies  

betvvecn the c ỉe scen d in g  aorta p oster io r ly  an d  the 
su p er io r  m e se n te r ic  artery anteriorlv . 

u n d e m u tr it io n  A c o n d itio n  d e íin ed  by o n c  or m ore o f  the 
fo llo w in g  co n d itio n s:  u n in ten tio n a l lo ss  o f  m ore than  
10% o f  u su a l b o d y  w e ig h t in  the p reced in g  3  m onth s;  
b o d y  w e ig h t le s s  than 90%  o f  ỉd ea l for h eigh t; b o d y  m ass  
in d e x  le s s  than 18.5. 

u n ip a r c n la l d iso m y  T w o exact c o p ie s  o í  the sam e ch ro m o -  
so m e  or g e n e  c lu ster  frorn o n e  parent. 

u n st ir r e d  vvater la y er  A reg io n  c o n s is t in g  o f  a se r ie s  o f  
la m ella e  of w ater , p rogressively  ỉe s s  an d  le ss  stirred  as 
o n c  m o v e s  from  the b u lk  p h ase  in the in te stin a l lu m e n  to 
th c  b ru sh  b ord er m em b ran e. 

u p p e r  a n n  a n th r o p o m e tr y  A n  in d irec t  m ea n s o f  m ea su r in g  
o n e ’s fat and  m u sc le  m ass u s in g  tr icep s a n d  su b scap u lar  

sk in  ío ld s  ( in d e x e s  o f  b od y  fat) and  the m id -u p p er  arm  
c ir c u m íe r e n c e  (an  in d ex  o f  sk e le ta l m u sc le ) . 

u p p cr  e s o p h a g e a l s p h in c tc r  T he m u scu la r  va lve a i the upper  
en d  o í  the  e so p h a g u s .  

u p p e r  g a s tr o in te s t in a l P erta in in g  to  the e so p h a g u s , sto m a ch , 
or d u o d e n u m .

upper gastrointestinal bleeding Blood loss ừom any portion 
o f  the d ig e st iv e  tract p rox im al to  the lig a m en t o f  T rietz  
( ío u r lh  p o r t io n  o f  the  d u o d en u m ). 

u r e a se  E n zym e p ro d u ced  by Helỉcobacter pỵlori; it co n v er ls  
urea in io  a m m o n ia  and a ss ists  in survival o f  the bacteria  
in  the s to m a ch . U tiliz ed  by  vario u s tests  to d e te c t  the  
p resen ce  o f  H. pyỉori. 

u r e a se  b rea th  te s t  A  m eth o đ  to  test for Helicobacter pyỉoti. A  
ca rb on  iso to p e -la b e le d  urea co m p o u n d  is  sw a lỉo w e d ; in  
the  p r e se n c e  o f  H. pylori u rease , the c o m p o u n d  is 
m e ta b o liz e d  in to  iso to p ic  carbon  d io x id e  ( I3C or 14C) 
thai is  d e te c te d  in  ex h a led  breath. 

u r e o ly s is  C leavage o f  urea  to  carbon d io x id e  and am m o n ia  
b v  b acteria l en zy m es. 

u v e it is  In Q am m ation  o f  the an terior ch am b er o f the  eye, 
so m e t im e s  c o m p lic a tin g  active  u lcera tive  co litis .

V A C T E R L  A n  a cro n y m  for a b n orm alities o f  verteb rae, anus, 
ca rd io v a scu la r  Lree, trachea, eso p h a g u s , renal sy stem , 
and  lim b  buds; c o n d itio n  assoc ia ted  w ith  a d m in istra tion  
o f  se x  s te r o id s  d u r in g  early  p regn an cy .



vagal P erta in in g  10 the vagus nerve o f  the p arasym p athetic  
n e r v o u s system . 

v a g o to m y  Surgical p roccd u re in  w h ich  ihe vagus n erves are 
cu t, to  red u ce  in n ervation  o f  the stom ach . 

v a g u s n erv e  C ranial nerve X; ihe paired  vagu s n erves provide  
p a ra sv m p a lh e tic  in n ervation  to ih e  heart, lu n gs, and  
g a stro ín testin a l tract, in c lu d in g  the pancreas. 

v a lv e s  o f  H o u sto n  T he three or four c rescen ú c  transverse  
fo ỉd s o f  the rectum . 

v a r icea l band  liga tio n  E n d oscop ic  p lacem en t o f  a rubber  
lig a tu re  arouncl a varix. 

v a r ic e s  (sing. varix) A bnorm ally  sw o llen  or d ilated  b lood  
v e sse ls  in  the eso p h a g u s an d /or stom ach  related  to portal 
h v p er tcn sio n .

v a sc u la r  m a lío r m a tio n  A resu ll o f  abnorm al d e v e lo p m en t o f  
vascu lar  stru ctu res. T hey are su b cla ssiíìed  based  on  their  
p r ed o m in a n t ch an n el ivpe (cap illary , v e n o u s, lym ph atic , 
a rter io v en o u s, e lc .) . 

v a so a c tiv e  in te s t in a l (p o ly )p e p tid e  (V IP ) A p o lv p ep tid e  
from  the sm all in ieslin c; il in d u ces sy stem ĩc  vasod ila tio n , 
h y p o te n s io n , in creased  cardiac o u lp u l, resp iratory sti- 
m u la tio n , and h yp erg lycem ía . 

v a so a c tiv e  in te s ú n a l p e p tid e  (V IP) (am ily  V1P and p ep tid es  
h o m o lo g o u s  to VIP, in o lu d in g  se creú n , g iu ca g o n , PHM  
(a 2 7 -a m in o -a c id  p cp ú d c havin g  N -iertn in a l h istid in e  
and C -term in a l m e th io n in e ), p itu ìtary ad en y la te  cyclase- 
a c liv a tin g  p cp tid e  (o i e ither 27  or 38  a m in o  acid s in 
le n g th ) , g asir ic  in h ib itory  p ep tid e , grow th  h o rm o n e-  
re lea s in g  íactor, and h elod erm in . 

v a so c o n s tr ic t io n  T he p ro cess o f  b lood  v esse ls  c lo s in g  d o w n  
or co n str ic tìn g , 10 lim it the am o u n t o f  b lo o d  llo w in g  
th rou gh  ih em .

v a so d ila to r  An agen t (su ch  as a nerve or a d ru g) that cau ses  
d ila tio n  o f  a b lood  vessel. 

v a so p r e ss in  An an tid iu retic  h o rm o n e tliat is secreted  by the 
p o ster io r  p itu itary  and that in crea sẹs in  ih e  b lo o d  w h en  
su b jec ts  rep ort nausea. 

v e n o o c c lu s iv e  d ise a s e  H ep aú c v en o u s o u tflo w  ob stru ctio n  
that o ccu rs  in  p atien ts u n d erg o in g  h o n e  marrovv 
tran sp la n ta tio n , radiation  therapy, liver trán sp lan tation , 
or in g e st io n  o f  a lk a lo id  tox ins; the resu lt o f  o c c lu s io n  o f  
h ep a tic  s in u so id s  and  sm all v en u les. 

v erm iío rm  W o rm lik e , a term  o flen  u sed  to đ escrib e the  
a p p en d ix .

v e r y - lo w -d e n s ity  lip o p r o te in  (V L D L ) A large lip o p ro te in  
p artic le  sy n th esized  in the liv er  and sm all in lestin e  
co n ta in in g  c o m p le x  lip id  for exp ort. VLDLs are the 
m aịor lip o p ro te in s  secreted  by the liver and con ta in  
a p o lip o p r o te in  B 100 as the p red om in an t protein . 

v e s ic lc  Structure o f  lip id s d isp erscd  in  an a q u eo u s so lu tio n , 
u su a llv  su rro u n d ed  bv a p h o sp h o lip id  bilaver. 

v il l i  (sing. v i l lu s )  F in ger-lik e p r ọ ịe c iio n s  o f  m u co sa  co veređ  
w ith  d ifferem iatir ig  ep ith e lia l c e lls  thai increase the  
a b so rp tiv e  area of the in testine .

V lP o m a  An en d o cr in e  turnor, u su a llv  o f the pancreas, ihat 
p r o d u c e s  vasoactive in testina l peptide. 

v iral h e p a tit is  L iver in ílam m ation  cau sed  bv viral in íec tio n .

V irch o w 's n o d e  A ly m p h  n od e  lo ca led  at the term in u s o f  the 
ih oracíc  cluct in  the left su p raclav icu lar reg ion  that may 
con ta in  lym ph  n o d e  m etastases from  d istan t prim ary  
site s  via the retrop er ilo n ea l and p o stm ed ia stin a l Ivm ph  
ch an n els.

Virtual co lon oscopy T hree-dim ensional im ages o f the colon , 
s im u la t in g  a n  e n d o s c o p ic  v iew , c r e a te d  u s in g  in fo n n a -  
t io n  o b ta in e d  íro m  a  C o m p u te r  to m o g ra p h v  sc a n . 

v iscera l h y p e r se n s it iv ity  Increased  v iscera l p ercep tion ;
perceived  as pain . 

v isc u s  The tubular p o rtio n  o f  the ga stro in testin a l tract. 
v ita m er  The active  a n a lo g u e  and iso m er  o f  a v itam in . 
v itam in  O rganic su b sta n ces  n ecessary  in  m ìn u te  q u an tities  10 

m aintain  norm al m etab o lism , u su a llỵ  w o rk in g  as cofac- 
tors by reg u la tin g  b ioch em ica l p ro cesses . 

v ita m in  A F at-so lu b le  su b sta n ces ihat p o ss e ss  the b io lo g ica l 
p rop erties o f  (he p ro to tv p ic  v iia m in  A c o m p o u n d , all- 
íran s-retin o l, vvhich is an u n satu rated  iso p re n o id  a lco h o l  
w ith  five co n ịu g a te d  all-írans d o u b le  b on d s. O ther  
im portan t n a tu ra lly  o ccu rrin g  e x a m p le s  in clu d e retínal 
and relin y l esters. D ictary retin o l ancl reù n yl e s ter s are 
reĩerred to as p reform ed  v itam in  A. 

v ita m in  B |2 M icron u tr ien i thai b e lo n g s  to the fa m ily  o f  
corrino ids; p resen t in an im al-d erived  a lim en la ry  tracts 
and sy n th esize d  o n ly  by m icro o rg a n ism s. B]2 corre-  
sp o n d s to several v iuuners n am ed  cob a lam in s. 

v o la t ile  s u líid e  c o m p o u n d s  C o m p o u n d s su ch  as h yd rogen  
su llid e , m eth y l m ercap tan , and d im e th v l su lfid e  tha i are 
ih e  m ain  cau se  o f  h a lito s is  and  ih a i are producecl írorn 
su líu r -co n ta in in g  a m in o  acid s by bacterial p u tre íaction . 

v o lv u lu s  A bnorm al tw is iin g  o f  a se g m cn i o f  the sto m a ch  or  
in te stin e  on  itse lf  in  the lon g itu d in a l a x is , o ften  resu ltin g  
in  b o w e l o b stru ctio n . 

v o m ero n a sa l organ  S en sory  organ sp ec ia lize d  to detect  
p h cro m o n es in  certa in  an im als.

V P A C i ar>d V P A C i SpeciR c, h igh -a ffin itv  n iem brane recep- 
tors for v a so a c tiv e  in teslin a l p ep tid e; b o th  are Cis- 
co u p led  rece p lo rs  sp a n n in g  ihe p lasm a m em b ran e seven  
tim es.

w
w a rm  isc h e m ia  Im errup tion  o f  ih c  in flo w  o f b lo o d  and

o x v g en  d u n n g  liver  surgery, sh o c k , and ư aum a; o ccu rs  
at n o rm o th erm ic  (b o d y ) tem perature.

W D H A  A sy n d ro m e o f  w atery d iarrhea, h y p o k a le m ia , and  
ach lorh yd ria , a ssoc ia ted  vvith v a so a c tiv e  in testin a l  
p ep tid e -se cre tin g  tum ors (V lP o m a s); a lso  knovvn as 
pan creatic  ch o lera  or V erner-M orrison  svn d ro m e.

\v eb  A thin  m em b ran e o f  tissu e a tta ch ed  to the w a ll o f  the  
in te stin e  an d  c a u s in g  in tesú n a l b lock a g e .

«  ed g e  b io p sv  A su rg ica l p roced u re to  ob ta in  liver t issu e  hy 
ex c is io n .

W h ip p le  o p era tio n  A m ajor surgical p ro ced u re  in v\ h ich  the
h ead  o f  the p an creas, llie  d u o d en u in , and ibe lo w e r  end  
o f  the c o m m o n  b ile duct are all rem oved . u su allv  
b eca u se  o f  can cer  o f  the head o f  the pancreas.



w h i p p le ’s  d ise a s e  A ra-re c h r o n ic  d isease; sy m p to m s are 
w e ig h t  lo ss , ar lh ra lg ia , d iarrh ea , an d  a b d o m in a l pain. 

w h o le -b o d y  n e u tr o n  a c t iv a tio n  In vi vo n e u tr o n  activ a lio n  
a n a ly sis  ihat u se s  a n eu tr o n  b eam  to a c tiv a ie  body  
n ilr o g e n , vvhich ca n  th en  be m ea su red  in  a w h o le -b o d y  
rad ia tion  co u n ter . 

w in d s o c k  A term for a type o f  p a r lia lly  o b str u c t in g  d u o d en a l  
w eb  that b a llo o n s  in to  the m o r e  d ista l đ u o d e n u m  lik e  an 
in térn al d iv er ticu lu m .

x a n th e la sm a  Y eltow  p la q u e s  o n  the e y e lid s  or a ro u n d  the eyes. 
x a n th o m a  A v e llo w  n o d u le  o f  the sk in , c o m p o se d  o f  lip id -  

lad en  h ist io cy tẹs . 
x en o g ra ft T r a n sp la n ta tio n  o f  c e lls  from  a d ifferen t sp ec ie s  

w ith  in c o m p a tib le  m ajor  h is to c o m p a tib iliiy  c o m p le x  
a n tig e n s .

x e n o ly t ic  b rea th  te s t  A  breath  test b ased  o n  1'ormation o f  
h y d ro g en  or lab c led  carb on  d io x id e  from  an  in gesteđ  
su b stra te  b y  b acteria l e n z y m e s . 

x e r o s to m ia  T h e su b ịe c t iv e  íe e lin g  o f  d ry n ess  o f  the m o u th , 
u su a liy  a sso c ia ted  w ith  d im in ish e d  or arrested  salivary  
se c r e tio n .

Y M D D  m u ta tio n  A m u ta tio n  in  the h ep a tit is  B v irus  
p o ly m e ra se  g e n e  in  w h ic h  m e th io n in e  is rep laced  by  
se r in c ; a sso c ia ted  w ith  la m iv u d in e  therap y  and drug  
resista n ce .

Z en k er’s d iv e r tic u lu m  A pharyngeal o u l-p o u c h in g  a b o v e  the  
u pper esop h a g ea l sp h in cter  as the resu lt o f  w e a k n e ss  in  
the p o sler io r  pharyngeal w all.

ze ta -in tera c tin g  p r o te in s  A fam ily o f  m etal tran sp orters w ith  
a h igh  av id ity  for z in c.

z in c  finger  m o tifs  Structural d o m a in s  a sso c ia ted  w ith  
sp ec ifìc  D N A -p rote in  tran scrip tion  factor in te ra ctio n s  
tha i are d cp en d en t on  z in c  for structural in tegrity .

Z o llin g er -E lliso n  sy n d ro m e  A c lin ica l syn d ro m e d e íin e d  by  
tw o  p h y sic ia n s  in  1995; ih ey  d escr ib ed  sy m p to m s o f  tw o  
p a tie n ts w ith  severe  u lcer  d ìsea se , m a ss iv e  gastr ic  acid  
h y p erse cretio n , and islct ce ll tum ors. T h is term  has  
b eco m e sy n o n y m o u s w ith  ihe c lin ic a l ỉea tu res o f  all 
gastrin om as,

zoonosis A cy c le  o f  in íe c t io n  ch aracterized  by tran sm iss io n  
b etw een  a n im als and hum ans.

ly m o g e n  gran u le  T h e m em b ran e-b ou n d  gran u les w ith in  
pan crea lic  acinar c e lls  that store  d ig estiv e  en zy m es.

z y m o g e n ic  c e l l  O n e o f  the ce ll types o f  th e  gastric  
ep ith e liu m , fo u n d  w ith in  the base; resp o n s ib le  for 
secre tin g  en zy m es needecl in the ch em ica l b rea k d o w n  
o f  food .

z y m o g e n s  P roteo ly tic  p ro en zy m es that ex is t in c e lls  as an  
in a ctiv e  precursor; pancreatic  zy m o g e n s  are n o rm a lly  
activated  by c leavage in  the gu t lu m en .
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innervation; Sympthetic innervation; 
Vagus nerve 

deíìnition 2: 105 
integrativc centers 1: 126 
pancreatic cnzyme sccretion regulation 

3: 7 0 -7 1  
periphcral connections 

enteric division 1: 128 
parasympaihetic division 1: 128 
sympathetic division 1: 1 2 6 -1 2 8  

salivary gland control 3: 3 1 8 —320  
scnsory innervation 1: 1 2 8 -1 2 9  

Autosomal dominant polycystic kidney 
disease, dcfinition 2: 522 

Axailiiop! int:
Crohn s disease management 1: 509, 

1 1 5 -5 1 6 , 524  
ulccraúve colúis management 1: 385, 

393, 406 
Azotctnia, deíinition 1: 1J4

B
Bađllary dysentary, deíĩnúion 3: 357 
B a c ill is  c e rc u s , food poisoning 2: 60 
Baclerial overgrowth

associaLcd clinical conditions 
1: 1 3 1 -1 3 2  

clinical 1'ealnres 1: 132 
dcíinition .3: 528 
điagnosis ]: ] 33 —135 
managcment 1: 134—135 
normal enteric ílora 1: 131 
pathogencsis of metabolic abnormalúies 

]: 1 3 2 -1 3 3  
short bowel syndrome 3: 363, 365, 

3 6 8 -3 6 9
Bacterial translocation, definition 2: 606 
Bacteriophage, typing 3: 651  
B a c tc r o id e s  [ r a g i l is , enterotoxin 1: 139 
Ballờon tamponade, esophagcal varices 

hcmorrhage prevenlion and 
managemcnt 3: 217, 582

Bannayan-Rilev—Ruvalcaba svndromc 
(BRRS) 

clinical icatures 2: 268 
gene m utations 2: 2 6 8 - 2 6 9  

Bariaratrv, detìnition 2: 149 
Barium radiography 

biliary íistula ]: 186 
colon  and recium

applicalions 1: 1 4 9 -1 5 0  
contraindications 1: 151 
lechn ique 1: 1 5 0 - 1 5 2  

colorectal cancer screening 1: 463, 468, 
471

en face lesion s 1: 1 4 1 - 1 4 2  
íìstulography and sinus tract evaluation 

1: 152 
intussusccpúon 2: 459 
pharynx examinatìon 

applications 1: 1 4 2 —143 
contraindicalions 1: 143 
lechniquc 1: 143 

small intcstine
applications 1: 1 4 7 -1 4 9  
contraindicalions 1: 149 
lechnique 1: 149 

upper gasírointestinal Iract 
contraindications 1: 146 
duodenum 1: 1 4 5 -1 4 6  
esophagus 1: 143—145 
stomach 1: 145—146 
lechniquc 1: 147 

Barosial 
applicaiions 1: 154 
constant pressure studies 1: 153 
intraluminal pressure manipulations 

1: 1 5 3 -1 5 4  
tcchnical speciRcations 1: 153 

Barrett’s csophagus 
cancer risks 2: 204  
clinical relevance 1: 155 
deíinition 1: 738, 763; 2: 203, 211, 668  
diagnosis 1: 156
endoscopic surveillance 1: 1 5 6 -1 5 7  
esophageal cancer 

dysplasia 1: 7 4 4 - 7 4 5  
risks 1: 740
surveillance and screening 

1: 7 4 3 -7 4 4  
Hclicobactn pylori rolc 1: 155 
in c id en ce  1: 155 
management 1: 745 
pathophysio logy 1: 1 5 5 - 1 5 6  
risk factors 1: 155 
treatment

ablation 1: 156 
aciđ suppressìon 1: 1 56 
anũreAux surgery 1: 156 

Basem ent m embrane 
com ponents 2: 219 — 22] 
deíìnition 2: 21Q

Basic electrical rhythm (BER) 
colon 1: 168
srnall intestine 1: 1 6 7 -1 6 8  
stomach 1: 167 

Basic fibrohlast growth factor (bFGF), 
functions 2: 253 

Basolateral membranc, definition 1: 158, 
413; 3: 399 

Batteries, s c c  Foreign body ingestion  
BBM. s c c  Brush border membrane 
B cell

đonality 2: 571 
deRnition 2: 425
lecal immunoglobulin produclion 

2: 5 7 4 -5 7 5  
gastrointestinal dislribulion 2: 573—574 
homing 2: 574
mucosa-associated lym phoid tissue 2: 665  
origins 2: 5 7 0 -5 7 1  
receptors 2: 570 -5 7 1  
types 2: 572  

B cell gastric lymphoma 
definition 2: 272 
H c lic o b a c te r  p y lo r i  role 2: 275  

Behẹet’s disease 
clinical íeatures

gastrointestinal system 1: 170 
mucosal ulcers 1: 169 
musculoskeletal systcm 1: 170 
nervous sysiem  1: 170  
skin lesions 1: 1 6 9 -1 7 0  
vascular system 1: 170 

diagnostic criteria 1: 170—171 
differential diagnosis 1: 170 -1 7 1  
ep idem iology 1: 169  
eúology 1: 169 
pathogenesis ]: 169 
prognosis 1: 171 
treatment 1: 1 70 

Belching
clinical syndromes 1: 1 7 2 -1 7 3  
diagnostic testing 1: 173 
physiology 1: 172 
treatmcnt 1: 173 

Belsey Mark IV operation
gastroesophageal rellux diseasc 1: 749  
hiatal hernia 2: 385 

BenceJones protein
am yloidosis 1: 61 — 62, 67 
deíìnition 1: 59 

Bentiromide test 
definition 3: 76
pancreatic íunction testing 3: 77 

Bcnzodiazepines, deRnìtion 3: 566 
BER. see Basic electrical rhythm  
Berberine, diarrhea treatment 1: 9 6 —97 
Bernstein test, definition 1: 295 
Beta cell, see also Insulin  

delinition 1: 675 
GLP-1 effects 1: 712



Beta cell, sce also Insulin (continued) 
lifetim e changes 1: 6 7 8 —679  
m ass determ inants 

ap op tosis 1: 680  
hypertrophy 1: 679  
n eogen esis 1: 679  
replication  1: 679  

m orp hology  1: 677  
Bezoar

clin ica l íeaiures 1: 1 74—175 
deR nition 1: 174 
d iagnosis 1: 175 
e tio logy  1: 1 7 4 —175  
historical perspective 1: 174  
ireatm em  1: 175 
types 1: ] 7 4 — ] 75; 2: 69 

bFGF, see Basic Rbroblast growth factor 
Bicarbonate

pancreatic secretion
duct cells as sources 3: 39 
m echanism  3: 3 9 —40  
patterns 3: 3 8 - 3 9  
vo lu m e o f secretion 3: 38  

sm all in testine sccretion 3: 403  
Bile

canicular transport 1: 196 
ch olestasis, see alsũ c h o le s ia s ìs  

cholesterol m etabolism  I: 19.3 
e leetro ly le  transport 1: 196—197 
enterohepatic circulation 1: 197 
extrahepatic 1: 190 
intrahepatìc r. 1 9 0 -1 9 1  

ch olestero l content 1: 178, 181 
com p ositional changes during transit 

bile ducts
inorganic constũuents 1: 183 
lip ids 1: 183
organic constiluents 1: 183 

gallbladder
inorganic constúuents 1: 1 83—184 
lip id s 1: 183
organic constituents 1: 183 

d efin id on  1: 188, 343  
discases

bile synthesis deíects 1: 199 
cholestasis 1: 198 
enterohepatic circulation 1; 198 
in teslìnal Iransport and m etabolism  

1: 198  
form ation

bile acid -dependen l 1: 190, 195 
bilc acid-indepenđcnt 1: 190, 195 
íu n ction s 1: 189 — 190  
h cpalocyte secretion 1; 192 
m echan ism s 1: 189 

gallbladder bile com position  1: 193 
hcpatic b ile co inposition  1: 193 
history o f  study 1: 178  
hypercholeresis and cholehepatic shunt 

1: 197

inorganic anions 1: 182
inorganic cations 1: 182
intestinal absorption 1: 197
organic and inorganic constituenls 1: 178
phosphatidylcholine con tem  1: 180
pigm ents 1: 177, 181
proteins and peptides 1: 1 8 1 - 1 8 2
sinusoidal transport 1: 1 9 5 - 1 9 6
storage, see Gallbladder
Irace organic an ions 1: 181
types 1: 178
x en ob iotic  excretion  1: 182 

Bile acid
definition  1: 176, 188  
enterohcpaúc círculation 1: 197  
genetic  disorders of synthesis 2: 703, 

705
m etabolism  1: 193 
physital properties 1: 193 
primary 1: 177 
secondary 1: 177 
structure 1: 193 
synthesis 2: 9 4 - 9 5  
I r a n s p o r i  rtgulation 2: 757  
types 1: 1 7 9 -1 8 0  

Bile a lcoh ol, deRnition 1: 176 
Bile canalicu lus, defin ìtion  1: 188; 2: 507  
Bile d u ci, see also Biliary tract 

com m on  bile duct 2: 88  
cystic Rbrosis m anifcstations 1: 538  
deíìn ition  2: 507  
epithelial cells 2: 512  
sten ting  1: 305; 3: 4 5 0 - 4 5 1  

Bile reílux, deíin ilion  3: 286  
Bile salt

conjugation  1: 179 
d efin ition  1: 176, 188 
hydroxylation 1: 179  
m etabolism  1: 179, 188 
m icellc form ation 1: 177  
secreú on  1: 1 7 8 -1 7 9  

Biliary atresia 
cleRnition 2: 696  
neonatal, see also ch o le s ia s is  

điagnosis 2: 699 
cp ìdem io logy  2: 696 , 698  
etio logy  2: 6 9 8 —699  
m anagem ent 2: 699  
prognosis 2: 699  

perculaneous transhepatic 
cholangiography 3: 156  

Biliary cirrhosis, sec Primary bilian,' 
cirrhosis 

B ilia iy  ĩistula
d in ica l presentation  

external íĩstulas 1: 186 
internal Rstulas 1: 186 

definition  1: 185 
đ iagnosis

barium  radiography 1: 186

cholangiographỵ 1 :1 8 6  
coraputed tom ography 1: 186 
plain íìlm s 1: 186 
scintigraphy 1: 186 
ultrasonography 1: 186 

etio logy ]: 185 
histor)1 o f study 1 :1 8 5  
prognosis 1: 187  
treatment

biliar}’-  enteric fistulas 1: 1 8 6--187  
external biliarv fistulas 1: 187 
thoracobiliary and bronchobiliary  

fistulas 1: 187 
Biliary pain, see G allstones 
Biliary sludge

com position  2: 9 9 - 1 0 0  
definition 2: 94  

Biliary stricture
clinical prcsentatíon 1: 201 
definition  1: 305  
diagnosis 1: 201 
etiology

liver transplanLalion 1: 201 
operaũve trauma 1: 200  
pancreatìc d iseasc 1: 201 
primary sclerosing ch olangitis  

1: 201 
rare causes 1: 201 

treatment 1: 202  
Biliary tract, see also Gallbladder 

acquired Ịm m unodetìciency syndrom c 
cholangiopathy, see Acquìred  
immuaodcRcicncy syndromc 

anatom y
cotnm on bile duct 1: 203  
liver segm ents 1: 203  
sectoral ducts 1: 203  

benign tum ors
adenom a 1: 2 0 5 - 2 0 6  
adenom yom a ]: 207 
classiRcation 1: 205  
clinical presentaúon 1: 205  
cystadenom a 1: 206  
diagnosis 1: 209  
granular cell lum or 1: 207  
heterotopic tissue 1: 209  
incidence 1: 205  
m flam matory tumors 1: 208  
leiom yom a 1: 208 
neural tum ors 1: 208  
papillom a 1: 2 0 6 —207  
prognosis ]: 209  
ircatraent 1: 209  

bleeding, see Hem obilia  
cancer, see C holangiocarcinom a  
com puied  tom ography

acquired immunodeíiciency
syndrom e cholangiopathy 1: L0 

biliary íĩstula I: 186 
biliarv stricture 1: 201



cholangiocarcinotna 1: 3 0 2 , 487  
primary sc lerosin g  cholangitis 1: 311, 

486
deíĩn ition  1 : 210 
dcvclopraent 1 : 210, 212 
develõpm ental an om alies  

ch oled och al cyst 1 : 216  
cystic d ilatation  o f intrahepatic ducts 

1 : 218
extrahepatic bìliary atresia 

1: 212-215 
infantile po lycystic  d isease/congenita l 

hepatic lìbrosis 1 : 2 1 7 —218  
im rahepatic b ile duct paucitv  

1: 2 1 6 - 2 1 7  
overview  1 : 211 

Bilirubin
beneíiciạ l p h ysio log ica l properties 

2: 714
chem icạl p roperties 1: 219  
d đ ĩn iú o n  1: 176, 188, 301; 2: 338 , 484  
elim inalion  2: 713  
entcrohepalic cyclin g  1 : 220 
íorm ation 2: 713  
hyperbilirubinem ia, see Jaundice  
proiluction  and eliraination  1: 219  
toxicitv  1 : 220 

Biliverdin, cleRnition 1: 176  
Binge cating, sce also Bulim ia nervosa  

deH niúon 1: 235  
diagnosiú' criteria 1: 237  

lUoavailabilúy, definition  2: 419  
líio iicnrical impcdance analysis 

body com posU ion  analysis 2: 7 6 1 - 7 6 2  
dcíìn ition  2: 6 0 6 , 7 5 9 , 767  

liio íecđback , d clĩn ition  1: 545; 3: 271  
Biopsy, see also Liver biopsy; M ucosal 

biopsy  
derinition 3: 566  

riiotin
absorption 3: 635  
deíĩciency  3: 635  
íunctions 3: 635  
transpon  system s 3: 635  
uptake regulation 3: 635  

Bisrauth, diarrhea treatm ent 1: 96, 575;
3: 19

Bit, deíin ition  3: 180
Blecding, see H em orrhage
B lood—brain barrier, d efin iú on  1: 670;

3: 329
Bloođ flow, see C irculation  
Blue rubber bleb n evu s syndrom e  

clinical prescntation 3: 59 ]  
definition 3: 593  
pathology 3: 591 
treatment 3: 5 9 1 - 5 9 2  

Blumcr s sh elí, deíin ition  3: 58  
Blunt injury. d eíin ition  3: 516  
BMI, sce Body m ass index

Bochdalek hernia. feaiures and 
m anagem ent 1: 5 6 5 - 5 6 7  

Body cell m ass, definition 2: 606  
Body dysm orphic disorder, dcíin ition  1: 81 
Bodv m ass index (BMI)

classiík ation  oí body types 3: 1 
deBnition 2: 149, 606 , 759; 3: 1, 346  
obesity  classiíìcation 2: 149  

Boerhaave's syndrom e  
clin ical íeatures 1 : 222 
d eíìn u ion  1 : 222 
diagnosís 1: 223  
m anagem eni 1: 223  

Bolus, deíĩn ition  3; 543  
Bom besin-related peptide, definition  

2: 179 
Borborygmus

deíìn ition  1: 224; 2: 754  
norm al sounds  

co lon  1: 225  
sm all in lestine 1: 225  
stom ach 1: 2 2 4 - 2 2 5  

pathologic sounds 1: 225  
B orchardts triad, dcR niúon 2: 163 
Botulinum  toxin

detìnition  3: 434 , 566  
sphincter o f Oddi d y síu n tlion  

m anagem em  3: 440  
Bougie, d cíin iù on  ]: 746; 2: 66; 3: 566  
Bradygastria

deíin ition  1 : 662  
elecưogastrography 1 : 666 

Brain-gut axis
afferem  traf(ìcking 1 : 226  
efferent trafficking 1 : 226  
cm otional gut 1 : 226  

Brcalh tests  
bacterial overgrow th 1: 133—134  
gastric em ptying 2: 120—121 
hydrogen  breath tests 

clin ical u tility  1: 229  
m easurem ent 1 : 228  
overview  1: 229  

labeled carbon d ioxide tests 
cliriical u tility  1: 229  
endolytic  tests 1 : 228  
m easurem ent 1 : 228  
overview  1: 227  
urea breath test 1: 2 2 8 —229  
xen o ly tic  tests 1: 2 2 8 - 2 2 9  

Bridging necrosis, deBnition 1 : 121 
BRRS, see Bannayan—R iley—Ruvalcaba 

syndrom e  
Brush border, deíin ítion  1: 343  
Brush border m em brane (BBM) 

d eíìn ition  1: 158; 2: 501  
lipid absorption, see Lipid absorption  

B udd—ch ia r i syndrom e
clin ica l presentation 1: 2 3 1 —232  
defm ition  1: 114

diagnosis 1: 232 , 234  
etiology

hepatic venule occlu sion  1: 230  — 231 
iníerior vena cava occlu sion  1: 230  

pathology 1 : 231 
treatment

interventional radiology 1: 232  
m edical therapy 1: 232, 234  
surgery 1: 233  

ultrasonography 3: 547  
Bulimia nervosa

com orbiclities 1: 238  
com plications and m orbidity  

1: 2 3 8 - 2 3 9  
corc sym ptom s 1: 235  
diagnostic critcria 1: 236  
natural history 1: 239  
p athophysiology 1: 239  
risk ĩactors 1: 238  
subtypes and variants 1: 2 3 6 —237  
treatm em  1: 2 3 9 - 2 4 0  

Bulking agenl, dcR niũon 3: 271 
Buproprìon, obesily  m anagem em  3: 3 
Bypass, deíìn ition  2: 149  
Bypass graít, defin ilion  2: 450

c
Cachexia, deíin iiion  1: 81; 3: 242  
Cadaverine, see Polyam ines 
C aerulein, deRnition 3: 111 
C alcitonin  gene-related peptide (CCÌRP) 

gene 1: 242
gui expression  and release 1: 2 4 3 - 2 4 4  
physiological íiinctions

electrolyte and íluid secretion  
stim ulation  1: 2 4 4 - 2 4 5 ,  246  

m otor activity 1: 244  
m ucosal hom eostasis 1: 246  
nociception  1: 246  
vascular dilation  1: 2 4 5 —246  

receptor proteins 1: 2 4 1 —243  
structure 1: 242  

Calcium  
balance 1: 249  
bioavailabilitỵ 1: 250  
d eíìciency 1: 2 4 9 - 2 5 1  
G -protein-coupled receptor signal 

transduction 3: 3 2 0 —321  
hom eostasis 1: 248  
transport regulation 2: 757  

C alm odulin  
detìniúon 1: 94
inhibition  in diarrhea treatment 1: 95, 

97
CAM, see Compleraentarv and altcrnative 

m edìcine  
cAMP, see C yclic AMP 
C.ampylobacler infection

clin ical íeatures and com plications  
1: 2 5 4 - 2 5 5



Campvlnbacter in íection  (continued) 
d iagnos is  1: 255  
ep id em io lo g y  1: 254 
sexual  t r an sm iss io n  a n d  m a n a g e m e n l  

3: 354  
Campylobacter in fection  

t r e a tm e n t  1: 255 
C analiculus, đefin ition  1: 176  
Canals o f Hering, definitìon  2: 507  
Cancer, see aíso Anal cancer;

C arc inogenes is ;  C h o lan g io ca rc in o m a;  
C o lo rec ta l  cance r;  Esophagea l  cance r;  
G a l lb lad d e r  cance r;  G as tr ic  cancer;  
Small in tes t ine  neop lasm s;  S m o k in g  

aging, g as t ro in tes t ìna l  p ro l ife ra t ion ,  a n d  
tum or risks 1: 7 

a lcoho l  m e ta b o l ísm  a n d  o x id a ú v e  stress  
1: 2 9 - 3 0  

p o ly am in e  ro les 3: 2 0 3 - 2 0 5  
t r a n s ío rm in g  g ro w th  factor-P  m u ta t io n s  

in  s ìgna ling  3: 509 
Candid ias is

a m ib io ú c -a ss o c ia te d  d ia r rh ea  1: 90  
antifungal agents 1: 2 6 5  
co lon ic  u lce rs  1: 442 
e m erg in g  p a th o g e n s  2 : 8 1  
grow th patterns 1: 265  
h ca l th y  m u c o s a  co lon iza t io n  1: 267  
h ep a to s p le n ic  cand id ias is  2: 81 
m an ifes la l ions  1: 267 
o ro p h a ry n g o e so p h a g i t i s  2: 7 9 —80 
p e r i to n i t i s  2: 81
p red isposing íactors 1: 2 6 6 -  267  
p s e u d o m e m b ra n e  íb rm a tio n  2: 80  
stom ach 2: 1 1 7 —129  
tissue dam age 1: 267  
u n u s u a l  in íec t io n s  2: 81 

C apaci ta t ive  c a lc iu m  en try ,  de l ĩn i t ion  
2: 234

C apsaic in ,  d e fm i t io n  3: 474  
C a rb o h y d ra te  ab so rp t io n  

co lon ic  salvage 1: 2 6 8 —269 
d iges lion  1: 268 
h exose carriers 1: 6 2 5 —626  
in to le ra n cc  1: 268 
m a la b s o rp ù o n

d iag n o s is  1: 2 6 9 —270 
d ií le ren tia l  d iagnos is  1: 2 7 0 —27] 
i n t ra lu m in a l  phase  deícc ts  1: 271 
m ucosal phase deĩects, sce also 

L actose in lo le rance  
ừ u c io s e  m a la b so rp t io n  1: 273 
g l u c o s e -g a l a c to s e  m a la b s o rp t io n  

1: 273  
s e c o n d a rv  c a rb o h y d ra te  

m a la b s o rp ú o n  1: 273 
sucrose intolerance 1: 273  

p a th o p h y s io lo g y  1: 269 
sym ptom s and signs 1: 269  

t r a n s p o r t

íructose  1: 277 
galaclose 1: 277 
g lucose 1: 277 
regu la t ion  2: 755 — 756 

C a rbohydra te  d iges t ion
b ru sh  bo rd e r  m e m b ra n e  carbohydrases  

1: 626 
d isacchar ides

lactose 1: 277, 625  
sucrose  1: 2 7 6 - 2 7 7  

in lak e  of c a rbobydra te s  1: 268, 275 
sta rches

amylase hydro lys is  1: 268, 2 7 5 —276, 
625

oligosaccharidase hydrolysis 1: 276  
Carbon m onoxide (C O ), hepaúc  

circulatíon regulalìon 2: 301 
C arboxypepúdase A, íunclion  1: 627  
Carboxypeptidase B, íunction ]: 627  
C a rc inogenesis  

apoptosis resistance 1: 261-262 
cell contact  g row ih  inhib it ion  loss 1: 257 
cel) cycle regulation and checkpoìnts 

1: 2 6 0 - 2 6 1  
cell divisions and probability 

1: 2 5 6 - 2 5 7  
colorectal cancer 1: 457  
de í ìn i t ión  1: 256 
DNA caretaker genes 1: 258  
DNA m uiagenesis 1: 257  
gcnom ic instabilìty 1 : 262  
m ult is tep  m odcl  1: 2 5 7 —260 
oncogcncs 1: 257 258  
signaling pathways and netvvorks 1: 262 
tum or suppressor gen es 1: 258  

C a rc ino id
clin ìcal m anifestations 3: 3 4 9 —350  
dcíĩn ition  2: 410; 3: 346, 468  
diagnostic tests 3: 350  
hyperparathyroidism  association 2: 412  
m anagem ent 3: 350  
serotonin secretion 3: 349—350 
small  im cst ine  3: 411 
su b m u c o sa l  tu m o rs  3: 470  

C arc inom a,  de í in i t ion  3: 207 
C arcinom atosis, deRnicion 3: 58 
Cardia, detĩnition 3: 566  
C arolis disease, see Cystic dilatation of 

intrahepaúc ducts 
Carotcnoids, deRnition 3: 616  
Carricr, deíin ilion  2: 83 
Case-control study, definũion  1: 457  
Caspase, detìnition 3: 534  
Caiaboìic pathway, deíin ition  3: 329  
Catalase. alcoho! m etabolism  1: 31 
C atecholam ine. d eíĩn ition  2: 676  
C athanic, detinilion  3: 371  
Causalitv assessm ent 

deíìn ition  2: 354
dru g - in d u ced  h e p a to to x ic ú ỵ  2: 363

C aute ry ,  de f in i t ion  3: 566 
C a v e rn o u s  hem ang iom a  

c lassi í ìcat ion  2: 526 
d e í ìn ú io n  2: 522 
d iagnosis 2: 526  
ep id em io lo g y  2: 526 
fcatures in  iiver 2: 5 2 4 - 5 2 5  
livcr  2: 5 2 4 - 5 2 5
m ag n e t ic  resonance  im ag ing  o t  liver 

2: 588  
r e c tu m  3: 591 
t r e a tm e n t  2: 5 2 6 - 5 2 7  

CCA, sce C holangiocarcinom a  
CCK, sce C holecyslokin in  
C C P, SCI' Colitis  cystíca p ro íu n d a  
CD, s a ’ Ccliac diseasc; C r o h n s  disease 
C e cum . a n a to m y  1: 409 
C eliac d isease (C D ), see alsơ Celiac sprue 

assoc ia ted  diseases 1: 280 
clinical íeaturcs 

a d u h s  1: 280 
c h i ld ren  1: 280, 285 

c o m p l ica t io n s  1: 282, 288 
d c í ìn i t io n  2: 223 
d iabe t ic  com pl ica t io n s  1: 558 
d iagnos is

an t iendom ysia l  an t ibod ies  1: 281,
669

anLigliadin antibodies 1 : 281, 681 
criteria 1: 287
h em ato log ic  a n d  b iochcm ical  findings 

1: 281
radiographic findings 1 : 281 
s e n s i t i v i t y  a n d  s p e c iR c i tỵ  o f  a m ib o d y  

tests  1: 281, 286 
sm all  in te sú n a l  biopsy  1: 280, 

2 8 5 - 2 8 6  
s tool  s tud ics  1: 281 
ưansglutam inase antibodies 1 : 281, 

681
ep idcm iology 1: 279  
history o f study 1: 278, 283  
la lem  diseasc L: 283 
p alhogenesis 1 279  
p athology 1: 2 8 4 —285; 3: 403  
p a thophvs ío logy  1: 284 
p e d ú u r ic  disease

e p idem ìo logy  1: 2 8 3 - 2 8 4  
prognosis 1: 288
v il lous  a t ro p h y  đ if ferenúal  d iagnosis  

1: 287  
reíractory discase 1: 283  
silem  disease ]: 283 
tre a tm e n t w ith  g lu ten -íree  d ie t ]: 282, 

2 8 7 - 2 8 8
Celiac p le x u s  neurolvsis ,  e ndoscop ic  

ultrasonography 1: 687  
Celiac sp ru e  

dcíìn ition  3: 409  
d iagnos is  2: 599



malabsorption in etio logy 2: 5 9 8 -  599  
pathogenesĩs 2: 598  
treatmcnt 2: 5 9 1-)

Cenlral  pa t le rn  gcnera lo r ,  pharm acolog ic  
largcting (or em esis 1: 674  

C em roacm ar cclls 
deíĩn ition  1: 76*5
m orphology and íunction  1: 7 7 0 - 7 7 2  

C cnư om crc. definứion 3: 227 
Cercaria, dcfinition 3: 523  
Cerebral edem a 

definition 2: 70
m anagcm ent in fulm inant hepatic lailure 

2: 73 
C cruloplasm in  

de&niúon 3: 643
\Vilson's d iseasc levels 3: 6 4 3 —645 

C estodes, S ÍT  also H elm inth  
D iphylobolhrium  latum  

d in ica l ĩeatures 1: 291 
d iagnosis ,  t reã tm en t ,  and  p rcven t ion  

1 : 291
lile cycle and biology 1 : 291 

E íh in ờ ẹ ỡ a 115 spccíés 
clin ical features 1: 292 
diagnosis, treaim ent, and prevention  

1: 292
liíc cycle  and hiology 1: 2 9 1 - 2 9 2  

Hvnicnolcpis namI 
clin ical featurcs 1: 292  
đ iagnosis, treatment, and prevention  

1: 292
ỉilc cy<Jc and biology 1: 292  

liíc cycic 2: 280  
pathology 2: 283 
sp e đ c s  2: 281 
Tacnia saụnala 

clin ical features 1: 2 9 0 —291 
d iagnosis, treatment, and prevention  

1: 291
lifc cycle and biology 1: 290  

Tacnia soliìim 
clin ical feaiures 1: 289  
diagnosis, treatment, and prevention  

1: 289
life c y đ e  and biology 1: 289  

U ipcwonn infecúon fealures 3: 1 2 9 -1 3 0  
im com m on species 1: 292  

C evim eline, delìn ition 3: 384 
CF, scc C vstic (ìbrosis 
cGMP, see Cvclic GMP 
CGRP, scc C alciionin gene-relatcd peplide  
ch a g a s’ discasc 

achalạsia 1: 4
clinical m anilcstations 1: 293  
etiology 1 : 2 9 .5 -2 9 4  
ícaiures and m anagem ent 3: 128 
palhophysiology 1: 294  
pseudo-obstruction  1: 630  

C hem okinc. dclìn ition  3: 534

C hem oprevenũon, dcíin ition  1: 457  
C hcm oreccptor Irigger zone (CTZ) 

cm csis roie 1: 671 
pharm acologic targeting 1: 673  

C hest pain, non-cardiac 
clinical prcsentation 1: 295 
diagnostic testing 1: 2 9 7 - 2 9 8  
differenlial diagnosis 1: 296—297 
cp id em io logv  1: 295  
m cchanism s 1: 296  
trcatment 1: 298 

C hief cell 
analom v 1: 299  
history o f study ]: 299 
pepsinogen  secretion 1: 2 9 9 —300  
reccptors 1: 300  

C hild—Pugh score, dcíin ition  2: 340;
3: 576

Chlamydia, sexual transm ission and 
m anagem cnt 3: 354  

ch lam ydosp ore, deíin ition  1: 265  
Cholangiocarcinoraa (CCA) 

clin ical presentation 1: -302 
com puted  tom ography 1: 302 , 487  
d efm iú on  1: 305, 308  
diagnosis 1: 3 0 2 - 3 0 4  
ep id em io logy  1: 3 0 1 - 3 0 2  
etio logy  l: 301 
m agnetic resonance

cholangiopancrealography 1: 302; 
2: 592 

p athology 1: 303  
prognosis 1: 3 0 3 —3 0 4  
slaging 1: 303  
treatm em  1: 3 0 3 —30 4  

C liolangiocyte, deíìn ition  2: 507  
ch olan giograp h y, see alsn E ndoscopic 

rctrograde cholangiopancreatog- 
raphy; M agnetic rcsonance  
cholangiopancreatographv; 
P erculaneous Iranshepatic 
cholangiography  

biliary listula 1 : 186 
c h o lan g io ca rc in o m a  1: 302 
deR nition 1: 185, 3 0 5 , 317, 336  
gallstones 1: 326
primary sclerosing cholangitis 1: 312  
sphincter of Oddi d ysíunction  3: 437  

C holangiohepatitis, see Oriental 
cholangiohepatitis  

C holangiopathy, see also C holangitis, 
sclerosing; Primarv biliary cirrhosis 

acquired im m unodeíiciency syndrom c  
associaú on , sec Acquired  
im m unodeR ciency syndrom e  

deíìn ition  1 : 8 
variants 1: 342  

C holangitis 
acute, SÍỄ8 G allstones 
deíin ition  1: 305; 3: 58

recurrcnt p yogcm c cholangitis, see 
Oricntal ch o lan g ioh ep a liú s  

ch o la n g itis , sc lerosing
a c q u i re d  im m u n o d c f ic ie n c y  p v n d ro m e  

c h o la n g io p a th ỵ  c o m p a r i so n  
1: 9 - 1 0  

biliary Slricture 1: 201 
com puted  tom ography 1: 3 1 2 , 486  
deíĩn ition  1: 8, 121, 200 , 301, 308  
m a g n e t ic  re so n an c e

cholangiopancrcatography 2: 590 , 
591

percutaneous transhepatic  
cholangiography 1: 312;
3: 1 5 6 - 1 5 7  

prim arv sd e r o s in g  ch olan gitis  
com p lica tion s and nalural h istory  

1: 340
cholangiocarcinom a 1: 3 0 9 - 3 1 0  
cholangitis 1: 310  
c h o led o to lilh ia s is  1: 310  
hepatic cirrhosis 1: 309  
pancreatiús 1: 310  
pruritis 1: 310  

diagnosis
im aging J : 31 2 , 340  
laboratory testing 1: 3 1 1 , 340  
pathology 1: 3 1 2 —313  

cp id cm io logy  1: 3 0 8 , 339  
ctio logy  1: 3 0 8 - 3 0 9  
inílam m atory b ow el d iseasc  

association  1: 314  
p alh ogen esis 1: 339  
path op h ysio logy  1: 3 0 8 —309  
physical cxam ination  íìnd ings 1: 311  
prognosis 1: 314  
sym ptom s 1: 3 1 1 , 339  
trealm ent

com plicaLion sym p tom s  
1: 3 1 3 - 3 1 4  

d isease p ro c e ss  1: 313, .340—341 
en d o sco p ic  treatm ent 1: 3 1 4  

recurrence fo llow in g  liver 
transplantation 2: 554  

secondary sc lerosin g  cholangitis
in fecú ous ch olan giop ath y  1: 315  — 316  
ischcm ic cholan gitis 1: 3 1 4 — 315 
m ìsccllan eou s etio log íe s 1: 3 1 6  

C h olecystectom y
deR nition 1: 2 0 0 , 3 0 1 , 317; 3: 207  
historical perspective 1: 317  
in d ication s 1: 3 1 7 —318  
laparoscopy 1: 3 1 8 —319; 2: 492 ,

6 5 4 - 6 5 5  
open  techn ique 1: 3 1 9 —320  
o u tcom cs 1: 3 2 0 —321  

C holccystitis  
acalcu lou s ch o lccystitis  2: 9 0 —91 
acute, sep G allstones  
com p uted  tom ography 1: 487



C holecystitis (continued) 
cystic íìbrosis 1: 538  
d efin ition  1: 185, 317; 2: 90  
scinúgraphy 2: 751  
ultrasonography 3: 5 5 0 - 5 5 1  

C holecystok in in  (CCK) 
clin ical u ses 1: 325  
d efin ition  2: 165; 3: 38 , 68, 76 , 101 
distribution  1 : 323  
forms 1: 3 2 2 - 3 2 3  
gastro-colic reílex role 2: 196  
history o f  study 1: 322  
pancreatic bicarbonate secretion role 

3: 38
pancreatic enzym e secretion  regulation  

3: 7 1 - 7 2  
pancreatic íunction  tesúng 3: 76 
p hysio logícal actìons 1: 322, 324 
receptors 1: 3 2 3 —324  
release regulation 1: 324  
satiety signaling 3: 3 3 0 - 3 3 1  

C h olecystok in in -releasing peptide, 
d efin ítion  3: 68 

C holedochal cyst
clin ical íeatures 1 : 216  
d eíin ition  1: 301; 2: 88, 522  
d iagnosis 1 : 216  
in cid en ce 1 : 216  
percutaneous transhepatic 

cholangiography 3: 156 
ireaim ent 1 : 216  

C holedochoenterostom v, deíìm ú on  1: 305  
C h oledochojụjenostom y, defin ilion  1: 204  
C holedocholith íasis

com puted  tom ography 1: 487  
delĩn ition  2: 90
en d oscop ic  ullrasonography 1: 687  
m agnetic rescmance

cholangiopancreatography 2: 590  
C h oled och olìth otom y, laparoscopy  

2: 655
C h oled och oscop y , deíim tìon  1: 204, 305  
C holehepatic sh u n t, definìtion  1: 192 
C holelith iasis, see also G allstones 

d eíìn ition  1: 185; 3: 207  
Cholera, see also Vibrio cholerae 

clin ical presentation 1: 335  
d eíin ition  1: 334  
diagnosis 1: 335  
ep id em io logy  1: 334  
pathogenesis 1: 3 3 4 - 3 3 5  
prevem ion  1: 3 3 5 —336  
toxtn m echanism  o f action 1: 1 3 6 -1 3 7  
treatm ent 1: 335  

C holerheic diarrhea, deíĩn ition  3: 359  
C holestasis

Alagillc sy n d ro m e  1: 21 ,  23
cystìc Rbrosis 1: 535
deR nition 1: 8, 20 , 25, 188, 219, 308;

2: 696

etio logy  2: 601 
extrahepatic 1: 190  
íntrahepatic 1: 1 9 0 —191 
intrahepaúc cholestasis oi pregnancy  

2: 533 , 535  
jaundice 1 : 221 
m echanism s 1: 1 9 7 —198 
neonatal

Alagìlle syndrom e 2: 699, 701 
com plicaúons and treatment 2: 700 
detĩnition  2: 696  
etio logy 2: 6 9 6 —697; 2: 706  
idiopathic neonatal hepatitis 2: 703  
m etabolic and gen eú c disorders 

2: 7 0 3 - 7 0 6  
P r o g r e s s i v e  í a m i l i a l  i n t r a h e p a t i c  

cholestasis 2: 696 , 7 0 1 —703  
pruritus, see Prưrilus o f cholestasis 
treatm ent 2: 601 

c h o lestero l 
absorption

genetics 1: .348—349  
inhibitors 1: 3 4 9 —350; 2: 409  
m ucosal uptake 1: 3 4 6 - 3 4 8  
overview  1: 343 — 344  

bile content 1: 178, 181 
deíìn ition  1: 176 
dietary intake 1: 343  
diseases o f bile syn lhesis 1: 199 
csterase 2: 25 
ésterificatíon 1: 348  
hypercholesierolem ia in  primary biliary 

cirrhosis 2: 406  
lipoprotein  assem bly 1: 348  
m etabolism  1: 193
nucleation  o f cholesterol crystals 2: 94 , 

9 6 - 9 8  
reverse transporl 2: 502  
saturaúon 1: 177 
secretion  2: 95 
solub ilization  2: 95  
synthesis 2: 94  

ch o les tero l saturatìon index, definition  
2: 9 4 - 9 5  

ch o les tero l supersaturaúon  
definition  2: 94  
gallston es 2: 9 5 - 9 6  

C holestyram ine, diarrhca treatraenl 
1: 96

C holic acid, definition  1: 176  
ch oreo a th eto sìs , d eíìn ition  2: 712  
C hrom oendoscopy, d eíìn ition  3: 453  
c h r o m o g r a n i n ,  def in i t ion  1: 707 
C hronic aclive gastritis 

d eíìn ition  1: 119 
sym p iom s 1 :1 1 9  

C hronic pancreatitis, see Pancreatitis.
chronic

C hylom icron
deR niúon 1: 99, 343; 2: 23 , 501, 566

íorm ation and transport 2: 2 6 —28 
rem nant 2: 501 

Chym e, deũnition  1: 634; 2: 105, 118;
3: 68 399  

ch ym otryp sin , íunction 1: 627  
C iliated hepatic ĩoregut cyst 

definition 2: 522  
ĩeatures 2: 525  

Circulaúon
csophagus ]: 765  
intestine 1: 3 5 3 —354  
liver 1: 3 5 2 - 3 5 3  
pancreas 1: 354  
stom ach 1: 3 5 1 —352  

C ircum venlricular organ, definition  
I: 670; 3: 329  

Cirrhosis
anatom ic subtypes 1: 359  
biliary cirrhosis, st’1’ Primary biliary 

cirrhosis 
causes 2: 34  
cystic íìbrosis 1: 536  
definiúon 1: 114, 308, 356, 529; 2: 340, 

566
elio logy  evaluation  

biliary disease 1: 361 
chronic hepaúlis 1: 3 6 0 -3 6 1  
congestive cirrhosis 1: 3 6 1 - 3 6 2  
fatty livcr diseasc 1: 361 
m etabolic d iseascs 1: 361 

Rbrosis, see Hepatic Bbrosis 
hepatic circulation 2: 303 
histology 1: 27- 28 
liver b iopsy evaluation 1: 359  
m agneùc resonance iniaging  

2: 5 8 6 - 5 8 8  
natural history 1: 3 5 7 - 3 5 8  
pathogenesis

parcnchvm al cxtincùon 1: 3 5 6 —
357

stellate cell activation 1: .356 
secondary biliary 1: 305  
staging 1: 3 5 9 —360  
ultrasonography 3: 545  

CLD, see C ongenital chloridc diarrhca 
Cloaca, defĩnition 2: 431 
clostrídium dijficile

antibioiic-associated diarrhea role, see 
A ntibiotic-associated diarrhea 

p s e u d o m e r a b r a n o u s  C o li t is ,  Sí’£' 

Pseudom em hranous colitis  
toxins 1: 139, 3 7 9 - 3 8 0  

cìostridium per/ringes, food p oison ing  
2: 60

CMV, see Cytom egalovirus 
CO, sce Carbon raonoxidc 
C oagulation, deíĩn ition 2: 289  
Coagulopathy

d eíin ilion  2: 70, 555  
íu lm inanl hcpatic lailurc 2: 72



C oba lam in ,  see also  V i tam in  B12 
b ind in g  p ro te in s  2: 4 5 5 —456 
cellular  u p tak e  o f  intrins ic  íactor 

c om plex  2: 4 5 6 —457 
dcRnit ion  2: 455 
m a lab so rp t io n  3: 622  

C oba lamin  del ìc ìency
clinical m a n i íe s ta t io n s  1: 364 
d iagnosis

Schilling lest 1: 3 6 4 —365 
se rum  levels 1: 364  

etiologv
dieiarv  def ic iency  1: 363 
m alab so rp t io n  

in tcstine 1: 364  
Slomach 1: 3 6 3 - 3 6 4  

inhorn errors o f m etabolism  1: 363  
pernicious anem ia 3: 171 
trcatmcnl 1: 365  

Cocainc, erosivc and  h e m o rrh a g ic  gas tr iús  
1 : 7 3 7

Coelom, def in i t ion  3: 168 
Cognilivc bchav io ra l  therapy ,  deíĩnítioii  

3: 299
C ohort  s ludy ,  de í in i t ion  1: 457 
C oin s, sec Porcign body ingesúon  
Colec tom y 

alxlom m operitoncal excision  
1: 3 6 9 -  370  

anterior rcseciion  1: 368  
com plicauons 1: 370  
đe t ìn i i ion  1: 366 

h is to r ỉa il  p c rsp cc tiv c  1: 366 
ind icaũons 1: 366  
laparoscopy  1: 3 7 0 - 3 7 1 ;  2: 494 
lelt h em ico lectom y 1: 368  
poucliit is ,  sẹc Pouch i t is  
p rcopera t ive  p re p a ra t io n  1: 3 6 6 - 3 6 7  
ríght h em ịco lcctom y 1: 367  
total m csorectal excision  

1: 3 6 8 - 3 6 9  
total p ro c to c o le c to m y  w i th  ileal—anal 

a n a s lo m m o s is  1: 370 
transverse  co lec to m y  1: 367 

Coliíorin, definitíon  2: 740  
Coliiis, see a h n  C o l lag en o u s  colitis;

Colon ic  ulcers;  D ru g - in d u c e d  colitis; 
Inđeterm inant colitis; Lym phocytic 
colitis; P s e u d o m e ra b ra n o u s  colitis; 
R a d ia t io n - in d u ced  colítis; u lcc ra t ive  
coli tis 

co l lagcnous  2: 668  
dcfm ition 1: 382; 3: 371 
lyinphocytic 2 : 668 

Gòlitis cvstica p r o íu n d a  (C C P) 
clinitạl íeatures 1: 374  
dcíìn ition  1: 37 4  
diagnosìs  1: 3 56  
t rca lm cnt  1: 3 7 5  

Collagen. deĩm ition  l: 25, 661

C ollagcnous coli lis 
associated d iscases 1: 373  
causes 1: 373
clinical p re sen ta t io n  1: 372 
cp idcm iology 1: 3 7 2 - 3 7 3  
h i s topa tho logy  1: 372 
t r e a tm e n t  1: 3 7 3 —374 

Collis gas troplas ty ,  gas t roesophagea l  rc í lux  
disease  1: 7 4 9 —750 

C olon , see aìso Defecation; F lalulence  
ab so rp t io n

ion  channe ls  an d  cxchange rs  
1: 4 1 5 - 4 1 6 ,  5 8 6 - 5 8 7  

pathological in íluences 1: 419  
rcgulation 1: 418 , 5 8 6 - 5 8 7  

ag ing  effects 1: 6 
am yloidosis 1 : 66 
a n a to m y

a p p c n d ix  1: 409 
ascend ing  colon 1: 409 
c ecu m  1: 409  
descending colon  1: 409  
c p i th e l iu m  2: 227 
gross a n a to m y  1: 408; 2: 227 
ileocecal valve 1: 409 
inne rva t ion  1: 411 
layers 2: 227 
transverse colon  1: 409  

b a r iu m  rad iog raphy
a p p l ica t ìons  1: 1 4 9 - 1 5 0  
co n t ra in d ica t io n s  1: 151 
technique 1 1 5 0 -1 5 2  

basic clccirical rh y th m  1: 168 
borborygnius 1: 225 
c i rcu la t ion

a n a to m y  1: 353,  411 
blood flow regulation 1: 3 5 3 —354  
hem odynam ics 1: 353  
pathophysiology 1: 354  

c o m p u te d  to m o g ra p h y
appendícitis 1: 107, 4 9 3 —4 94  
co lon ic obstrucdon 1: 435  
colonography 1: 4 82 , 4 9 5 - 4 9 8  
d iver t iculi t is  1: 493 
epip lo ic  ap pendag i t is  1: 494  
in íecú o u s  coli t ides 1: 4 9 4 —495 
tvphlitis 1: 495  
ulceraúve colitìs 1: 493  

c r y p t - s u r í a c e  axis 1: 414  
cystic Rbrosis m an i íes ta l ions  1: 539 
d e v e lo p m e n t

H i r s c h s p ru n g s  disease  2: 4 9 6 -  
497

m o rp h o g e n c s is  2: 4 9 5 —496 
oncofetal relationships in cultured  

cells 2: 497 
d iabe t ic  co m plica t ions  1: 558 
cn te rocy te  d ìf feren tia t ion  1: 414  
e p i th e l iu m

proliíeration  1: 7 2 8 - 7 2 9

r e s t i tu t ion
e x trace l lu la r  m atr ix  role 1: 734 
m odels 1: 733
m olecular m echan ism s 1: 734  
m o r p h o lo g y  1: 733 
p e p t id e s  a n d  g ro w th  ỉac tors  

1: 7 3 3 - 7 3 4  
í istulas 2: 41 
h is to logy  1: 410  
i leal í lu id c o m p o s i l io n  1: 413  
in ía r c t io n ,  ệee  In tes t ina l  in ía rc t ion  
innervalion  1: 512  
ly m p h a l ic  d ra inage  1: 411 
m as toc y los is  a b n o rm a l i t ic s  2: 636  
p n e u m a to s is ,  SC£’ P n e u m a to s i s  

in test ina lis  
se cre t ion

ion chan n els and exchangers 1: 4 15 , 
4 1 6 - 4 1 8 ,  586  

pa tho log ica l  in í lu en ccs  1: 419  
regulalion  1: 4 1 8 - 4 1 9 ,  5 8 6 - 5 8 7  

sten ting  3: 451 — 4 52  
C o lo n ic  atresia  

d iagnos is  2: 4 46  
c t io logy 2: 44 6  
t r e a tm e n t  2: 44 6  

C o lo n ic  i schem ia
clin ica l relevance 1: 4 2 3 —4 2 4  
h y p o x ia  a d a p ta t io n  1: 4 2 1 —423 
inílam m atory response 1: 423  
in tc rv cn t io n a l  r ad io logy  in d iagnos is  

3: 290
C olon ic  m oú lily , set’ also GasLro-colic 

reflex  
co n t ra c t io n s

g ian t  m ig ra t in g  c o n t r a c t io n  1: 426  
rhythraic phase contraction 1: 42 6  
tone 1: 427  

d e í ìn i t io n  2: 195 
d y s íu n c t io n

in f la rnm alíon  1: 431 
i r rú a b le  bow e l  s y n d r o m e  1: 432  

functional requirem ents 1: 4 26  
regu la t ion

e x c ú a t ìo n —c o n t r a c t io n  c o u p l in g  
1: 431

in terneurons 1: 4 2 9 —43 0  
m o to r  n e u r o n s  1: 4 2 7 —429 
overv íew  1: 4 2 7 —428 
sensory regulation 1: 427  
slovv w aves  1: 43 0  

C o lo n ic  o b s l ru c t io n
com p uted  tom ography 1: 435  
d eíĩn iù o n  1: 4 3 4  
diagn osis 1: 4 3 5 —4 3 6  
etio logy  1: 4 3 4 - 4 3 5  
sym p tom s 1: 435  
trcatm ent 1: 436  

C o lo n ic  p o lyps ,  b le e d in g  a n d  m a n a g e m e n t  
2: 560



C olonic ulcers
allergic colitis 1: 447  
am ebiasis 1: 442  
bacterial colitis

acute self-lim ited  co litis  1: 439  
pseudom em branous co litis 1: 440  

C ro h n s disease 1: 4 4 5 - 4 4 6  
drug-induced  ulcers 

eneraas 1: 4 4 3 —444  
C olonic ulcers

nonsteroidal anù-inllam m atory drugs 
1: 443

oral contraceptives 1: 443  
vasoconstrictive drugs 1: 443  

endom etriosis 1: 447  
íungal co litis  1: 442  
id iopath íc u lcers 1: 4 4 7 —448  
isolated cecal u lcers 1: 4 4 8  
m echanical causcs 

d iverticu lins 1: 444  
íecal im pacúon and stercoral ulcers 

1: 445  
obstruction 1: 444  
solitary reclal ulcer syndrom e  

1: 4 4 4 - 4 4 5  
trauma ]: 444  

tum or lesion s 1 448  
ulcerative colitis 1: 4 4 6 - 4 4 7  
vascular disorders

ischem ic colitis 1: 4 3 7 —438  
radiation-induccd inịury 1: 438  
vasculitis 1: 438  

viral colitis
cytom egalovirus 1: 441 
herpes sim plex virus 1: 4 4 1 —442  

C olon ic volvtilus
clin ical m aniíestations 3: 629  
diagnosis 3: 629  
etio logy 3: 629  
p athophysio logy 3: 629  
treatm ent 3: 629 — 630  

C olonography, com puted tom ographv  
1: 482 , 4 9 5 - 4 9 8  

C olorioscopy, see also Virtual colonoscopy  
antib iotic prophylaxis 1: 455  
anticoagulaúon patient risks 

Ị: 4 5 5 - 4 5 6  
b ow el preparation 1: 452  
co lo n o sco p es 1: 4 4 9 —450  
colorectal cancer screening 1: 4 6 2 —464.

4 6 8 - 4 6 9 ,  471 
com plications

arrhythm ias 1: 454  
b leed ing 1: 453 , 6 9 6 —697  
b ow el preparations 1: 455, 697  
gas coinbustion  1: 455  
in íection  1: 454  
períbration 1: 4 5 3 —Í54, 696  
p ostp olyp eclom y coagulalion  

syndrom e 1: 4 5 4 - 4 5 5 ,  697

postpolypectom v distension  
syndrom e 1: 454  

tattooing 1: 697  
coniraindications 1: 4 5 1 —452  
clefinition 1: 385, 470 , 690  
hem atochezia 2: 5 5 6 —557  
indications 1: 4 5 1 - 4 5 2  
looping ]: 449
low -yield  exam inations 1: 4 5 1 —452  
se da ti on 1: 4 5 2 -  453  
Lcchnique 1: 4 5 0 - 4 5 1  

Color D oppler. d eíĩn iùon  3: 543  
Colorectal cancer, see also Anal cancer; 

Hereditarv n onpolyposis colorecial 
cancer

adcnom a precursor, scc C olorccial polyp  
bleeding and m anagem ent 2: 560  
carcinogenesis 1: 462  
chem oprevem ion  

esư ogen s 1: 469
nonsieroidal anti-inflam m alory drugs 

1: 469
ursodeoxycholic acid 1: 464  

clinical presentation 1: 462  
deíin ition  1: 593 , 597  
environm ental risk íactors

cancer prevem ion gu idelincs 1: 595, 
6 0 5 - 6 0 6  

dict
antioxidants 1: “595 
calcium  1: 594  
fat and red meal 1: 593  
fìber, fruit, and vcgetablcs 

1: 5 9 3 - 5 9 4 ,  5 9 8 - 6 0 5  
íolic acid 1: ‘594, 596  
gen c—nutrient in leractions 

1: 595
m acronutrients 1: 4 6 0 -4 6 1  
m icronutrients 1: 461 , 5 9 4 —595  
selen ium  1 : 594  

liíestylc íactors ]: 46  L, 595  
ep idcm iologý 1: 457  
íamilial risks 

gcnetics 2: 1 6 - 1 7  
relatives 2: 1 5 —16 
screening 2: 17 

heritable svndrom es
íamilial adenom atous polvpnsis 

1: 4 6 1 , 472  
hereditarv n on p olyp osis colorectal 

cancer 1: 4 6 1 - 4 6 2 ,  472  
host risk íactors 

diabetcs 1 : +60  
íam ilỵ hislor)' 1: 460 . 472  
historv of colorecial neoplasia 1: 460, 

472
inílam m atory bovvel diseasc 1: 460, 

472
m agneũc resonance im aging  

p r e ỡ p e r a t i v e  S la g in g  1: 3 5

radiaũon (ìhrosis versus recurrent 
tu m o r  1: 3 5 - 3 6  

screening 1: 33  
obstruction, sce C olon ic obstruction  
screening

barium  enem a 1: 463 , 471  
colonoscopy  1: 463 , 471  
com puted tom ography 1: 464  
íecal occuh b lood  test 1: 463 , 471 
guidelines 1: 462  
high-risk patient gu idelines  

1: 472
m a l ig n a n t  p o lv p s  a n d  p o s t - r e s e c t i o n  

patìents 1: 4 6 2 —463 
risk stratiíìcation 1: 471  
sigm oidoscopy 1: 463 , 471 
s lo o l DNA testing 1: 464  

sm oking risks 3: 420  
staging 1: 457  
surgery, sec C olectom y  
tvealment

adịuvant therapy 1: 465  
surgery 1: 465  

C olorecial polyp, séc also pam ilial 
adenom alous p olyposis 

adenocarcinom a progression 1: 468  
chcm oprcvention 1: 467  
clinical m aniíestations 1: 467  
cond i l ions  associa tcd  w i th  a d cn o m as  

1: 4 6 6 - 4 6 7  
dcíinition 1: 4 6 6 , 593  
diagnosis

barium cnem a 1: 468  
colonoscopy 1: 4 6 8 - 4 6 9  
íecal occull b lood testing 1: 468  
sigm oidoscopv 1: 468  

dietary factors 1: 467  
distribiuion I: 466  
epidem iology 1 : 467  
hereditarv ỉactors 1: 467  
histolog)' 1: 466  
m orphology 1: 467  
nalural history 1: 468  
prevalence 1: 4 6 6  
trealment 1: 469  

Colostom v  
bag 1: 474  
closure 1: 475  
com plications 1: 475  
definition 1: 473  
indĩcations 1; 473  
types 1: 474  

Com m ensalism . delĩn ition  2: 647  
Com inon bilc d uct  

definition 2: 88; 3: 25 
slones, ser C holedocholith iasis  

Comition channel syndroine, íeatures 
3: 52

C oinm on variable im m unodclìciencv  
(CVI), íeatures 2: 4 2 5 —428



C om plem entary and alternative m edicine  
(CAM)

alternative m edical system s  
Ayurveda 1: 4 7 6 —4 7 7  
horncopathy 1: 4 7 7  
naturopathic m ed icine 1: 477  
traditional C h in ese m ed icine 1: 476  

biological-based therapies 
chelaũon  therapy 1: 4 7 8 —479  
environm ental raedicine 1: 479  
herbal m ed icine 1: 4 7 8 —479  
hydrotherapy 1: 4 7 9  
light therapy 1: 4 7 9  
m acrobiotics 1: 4 7 8  
orthom olecular m ed icine 1: 478  

doíinition 1: 4 7 6  
eííỉcacy evaluation  1: 4 8 0  
íunctional dyspepsia  m anagcm ent 2: 78  
m anipulative and bodv-based  m ethods  

chiropractic 1 : 4 8 0  
massage therapy 1: 4 7 9 - 4 8 0  
osteopathic m ed ic ine  1: 480  

rnind—bodv interactions 
ari, dance, and so u n d  therapy 1: 4 7 8  
bioíeedback 1: 4 7 8  
overview 1: 4 7 7 - 4 7 8  
transcendental m ed ita iion  1: 4 7 8  

risks 1: 4 8 0 - 4 8 1  
therapeutic touch  1: 4 8 0  
trends in use 1: 481  

C om plex lipid, đ efìn ition  2: 501 
C om pulsion, c ỉeiìn iũon  1 : 81 
C om pm éd rm.liography, dcíin ition  3: 180  
Com puted tom ography (C T ) 

abdominaỉ aorlic aneurysm  1 : 1 
biliary tract 

acquired im m u n od eíìcien cy  
syndrom e cholangiopathy  1 : 10 

biliary Ếìstula 1 : 186  
biliarv stricture 1 : 201 
cholangiocarcinom a 1: 302, 487  
primary sc lerosin g  cholangitis 1: 312 , 

486
body com posicion  analysis 2: 762  
co lon

appendicỉtis 1: 107, 4 9 3 —494  
colon ic obstruction  1: 435  
colonography 1: 4 8 2 , 4 9 5 —498  
díveriicu litis 1: 493  
epiploic appendagitis 1: 494  
in ĩectious co litid es 1: 4 9 4 - 4 9 5  
typhliùs 1: 495  
ulcerative co litis  1: 4 9 3  

colonoscopy, see V irtual co lon oscop y  
colorectal cancer screen in g  1: 464  
contrast-enhanced 1: 4 8 2  
deíìn iiion  3: 8 4 , 95  
esophagus

neoplasm s 1: 489  
va.Tic.es 1: 489

íistưỉas 2: 40  
gallbladder  

ch olecystitis 1: 487  
ch o led och o lith iasis 1: 4 8 7  
gallstones 1: 3 2 6 , 487  
neop lasm s 1: 4 8 8  

helical 1: 482  
hem obilia  2: 287
intestinal in ĩarction  2: 4 4 9 , 4 5 0 —451
ìn tu ssu scep tion  2: 4 5 9 - 4 6 0
liver

abscess 2: 5 1 4 —515  
adenom a 1: 4 8 5
B u d d -C h ia r i syndrom e 1: 232, 486  
ch olangiocarcinom a 1: 4 8 5  
cirrhosis 1: 4 8 3 - 4 8 4  
focal nodular hypcrplasia 1: 485  
hem angiom a 1: 485  
hepatitis 1: 4 8 4
hepatocellu lar carcinom a 1: 4 8 4  
m eiastasís 1: 4 8 4  
passive hepatic con gestion  1: 485  
portal vein  throm bosis 1: 486  
steatosis 1: 483  

multidetector 1: 482 
mural stratiíìcation 1: 482 
Oriental cholangiohepatitis 1: 306  
pancreas

acute pancreatitis 1: 488; 3: 98 , 105  
adenoearcinom a 1: 488; 3: 4 3 —44, 

6 1 - 6 2
chronic pancreatitis 1: 4 8 9  
cysúc pancreatic neoplasm  1: 488  
islet cell tum ors 1: 488  

pneum atosis in testina lis 3: 1 9 6 —197  
sm all in testine  

C rohn’s d isease 1: 4 9 0 —491  
obstruction  1: 4 9 2  
neop lasm s 1: 4 9 2  

stom ach  
gastritis 1: 4 9 0  
neop lasm s 1: 4 8 9  

subm ucosal tum ors 3: 4 6 9 —471  
C onductance, d eíìn ỉtion  1: 413  
C onííuent cells, d efih ition  3: 199  
C oníorm ational d isease, deíin ition  1; 41  
C onỉusional syndrom e, d eíìn ition  

2: 3 0 4
C ongenital ch loride dỉa-rrhea (C LD ), gen e  

m utations 3: 4 0 4  
C ongcnita l hepatic ỉìbrosis, see Inĩantile  

polỵcystic  d isease/congen ita l hepatic  
Bbrosis 

C on sciou s sedátion
com plications 1: 6 9 0 —691  
d eíin ition  1: 449; 3: 566  

C onstipation , see aỉso Irritable bow el 
syndrom e; Laxative 

causes 1; 499
cow  m ilk  protein  allergy 1: 508

d eỉìn ition  1: 4 1 3 , 4 9 9 , 502, 597; 2: 498;
3: 16

ep id em io logy  1: 499  
pathophysio logy 1: 4 9 9 - 5 0 0  
pediátric

c lin ỉca l presentation 1: 503  
d iagnosis 1: 504  
disorders 1: 5 0 2 —503  
incid en ce 1: 502  
p athophysio logy 1: 504  
ph ysio logy  1: 503  
treatm ent 1: 5 0 4 —505  

pregnancy 3; 233  
treatm eni, see aỉso Laxatives 

behávioral approaches 1: 501 
dietary liber 1: 500  
laxatives 1: 5 0 0 - 5 0 1  
pharm acotherapỵ 1: 502  
surgery 1: 501 

C opper, see aỉso W ilson ’s disease  
d eficiency 3: 502  
íu n ction s 3: 502  
gen etic  d isorders 3: 5 0 3 - 5 0 4  
system ic regulation 3: 503  
transport and regulation 3: 5 0 2 —503, 643  

C orticotropin-releasing íactor, satiety  
sígnaling  3: 333  

C otransporter, deíìn ition  1: 413; 3: 140  
C ourvoiser’s sign , deíìn ition  3: 58  
C ow den  syndrom e

clin ical íeatures 2: 13, 268  
diagnostic criteria 2: 13 
geneiics 2: 13-14 
incid en ce 2: 268  
m anagem ent 2: 14 

C ow  m ilk  protein  allergy
allergic eosinophilic gastroenteritis 1: 507  
allergic gastritis 1: 507  
allergic proctitis 1: 508  
constipation  1: 508  
enterocoli-tis syndrom e 1: 508  
esophagitis 1: 507  

cox, see C yclooxygenase  
C reatin ine—height index  

cieíìn ition 2: 6 0 6
nutritional assessm ent 2: 611 , 760  

Crigler-Najar syndrom e 
deH nition 1: 219; 2: 484  
íeatures 1 : 220—221 

C rohn s  d isease (C D ) 
am ylo idosis association  1: 67  
clin ical m aniíestations 1 : 608  
com puted  tom ography 1: 4 9 0 —491  
defin ition  1: 131, 3 7 6 , 385 , 4 9 3 , 521;

2: 234; 3: 264 , 409  
cỉiagnosis 1: 5 1 2 —513  
dietary fìber im pact 1: 609  
duodenal u lcer 1: 647  
d u od en ítis 1: 654  
epidem io logy  1: 509 , 608



C rohns đisease (C D ) (continucd ) 
extraintestinal m aniíestations 1 : 51l> 
m agnetic resonance im aging 1: 36 37 
m inim ally invasive surgery 2: 658 
m ucosal ìm m unology 1: 5 1 1 —512 
pathogcnesis

environm ental triggers 1: 5 1 0 -5 1 ]  
genetics 1 :5 1 1  

pathology 1: 513  
pediatric

co lon  cancer risks 1: 526  
diagnosis 1: 5 2 1 - 5 2 2  
incidence 1: 521 

C roh n s disease (CD)
pathophysiology 1: 52] 
treatment

am inosalicylates 1: 523  
antibiotics 1: 523  
enteral nutrition 1: 524 
inílixim ab 1: 524 
nutritional managemeni 1: 525 
overvievv ]: 522 
psythosocia l support 1: 526 
rem ission m aintenance 1: 524 
surgery 1: 526  

polyps 2: 15 
pregnancy 3: 232  
primary sclerosing cholangiũs  

association 1: 314  
proctitis 3: 239
psychiatric com orbidúy 3: 265 - 2f>6 
scrologic lesting 1: 513  
T helper cell responscs 3 4^7  
treatment

antim etaboliles 1: 5 1 5 - 5 1 7  
calcineurin inhibitors 1: 517  
epithelial protection 1: 5 1 4 -  515 
glucocorticoids 1: 515  
pharmacolotherapy 3: 174 
surgery 1: 5 1 8 -5 1 9  
tumor necrosis factor-a modulatioii 

1: 5 1 7 - 5 1 8  
ulcer characteristics 1: 4 4 5 —446  

Cronkhitc-Canada syndrom e, Teaiures 
2; 14

Cross-m atching, delìn ition 2: 549
Cross-sectional im aging, deRnition 3: 447
Cryosurgery, deíin iúon 2: 340
C rypl  of  L eberkuhn ,  deíĩnition 1: 41 ỉ, 725
Cryptosporidium

clinical íeatures o f iníection 1: 527 
Cryptosporidium par\'um in íection  

ĩeatures 3: 127 
epidem iology ]: 527  
lií’e cycle 1: 527
pathoger.esis and immune responsc 

1: 528
prevcntion of iníection 1: 528  
treatm em  1: 528  

CT, see Com puted tomography

CTZ, see C hem oreceplor trigger zone  
Cubilin, deíìn ition  2: 455  
CVI, see C om m on variable 

im raunodeíiciency  
C vdic AMP (cAM P), G -protein-coupled  

receptor signal transduction 3: 321 
C vđic GMP (cGM P), definition 2: 262  
C vclooxygenase (COX)

COX-2 inhibitors and safetv 2: 162 
definition ]: 645; 2: 157, 737, 744  
isolbrm s 2: 7 3 7 - 7 3 8  
nitric oxide-releasing drugs 2: 162 
nonsteroidal anti-inílam m atory drug 

inhibition 1: 112; 2: 158, 7 3 7 - 7 3 8  
Cvclospora cayeLanensis, in íection  íeatures 

3: 1 2 7 -1 2 8  
Cyclosporine 

Crohn s d isease m anagem ent 1: 509, 
517, 525

ukeraúve co litis inanagem em  1: 385, 
393

Cysl, delin iũon  3: 122 
C vsiadenocarcinom a  

delin ilion  2: 522  
liver 2: 525  

Cysiadenonom a  
deíìn ú ion  2: 522  
liver 2: 5 2 3 —524  

Cvstectom y, d elĩn ilion  2: 420  
Cyslic d ilaiation o f  intrahepatic ducts 

choledochal cysts 2: 526 
clinical íealures l: 218  
detinilion 2: 522  

Cystic íĩbrosis (CF) 
c linical m aniíesta iions 1: 5 3 0 -5 3 1  
gene m utaúons 1: 529  
hepatobiliary disease

bile duct disorders 1: 538  
cholecystitis 1: 538  
ch oleliih iasis 1: 538  
cholestasis 1: 535  
cirrhosis 1: 536  
diagnosis 1: 5 3 6 - 5 3 8  
livcr enzym e elevalion 1: 536  
raedical therapy 1: 5 3 7 —538  
microgallbladck-r 1: 538  
pathogcnesis 1: 5 3 4 - 5 3 5  
prevalcnce 1: 535 
steatosis 1: 536  

incidencc 1: 5 2 9  
intestinal disorders

distal intestinal obstruclion s)iid rom e  
1: 5 4 0 —541 

Ábrosing colonopathy 1: 541 
raeconium  ileus 1: 539 
overview  1: 538  
rectal prolapse 1: 541 

pancreatic dysíuncùon
acute pancreatiiis 1: 534; 3: 103 
cnđocrine dysfunttion 1: 534

exocrine dysíunction and testing 
1: 533  

pathology 1: 5 3 1 —533  
ư eatm ent o f pancreatic insufficiency  

1: 5 3 3 - 5 3 4  
pathophysio logy 1: 5 2 9 - 5 3 0  
sm all in tesiin e eíiects 3: 403  

C ytochrom e b 
duodenal 2: 463  
iron absorpúon role 2: 465  

C ytochrom e P450 
definition  2: 365  
drug biotransíorm ation 1: 542  
drug interactions 1: 542  
induction  1: 542  
inh ibition  1: 542  

C ytokines
deíĩn ition  1: 385; 2: 234, 570; 3: 4^4, 

510, 526 , 534  
(ransplantaùon im m unology  

3: 5 1 2 - 5 1 5  
C ytom egalovirus (CM V)

acquired im m u n od eíìcien cy  syndrom e  
hepatic m aniiestations 1: 18, 543  

clin ical íeatures ]: 543  
co lon ic  u lcers 1: 441  
diagnosis o f  in ĩection  1: 544  
stom ach in fection  2: 129 
treatm ent 1: 544  

C ytoskeleton, defin ition  3: 199  
C ytosol, definition 1: 28 
C ylotoxín , dcRnition 1: 136, 379; 2: 570

D
D cell

gastric acid secretion  regulaúon 2: 115 
h istology 2 : 108  
integratíon of gastric inhibitory  

responses 3: 431  
som atostatin  secretion  2: 108; 3: 427  

D eíecation, see also C onstìpation; Fecal 
incontinence  

anatoraical m echanism  1: 7 3 - 7 4 ,  545  
deR niúon 2: 606  
m uscles 1: 73 
outlct dysíunction

enteric nervous syslem  disorders 
1: 546

exp u lsion  íorce m isd irection  1: 547  
neurologìc d isorders 1: 546  
pelvic floor dyssynergia 1: 5 4 6 —547  
unexplained  rcctal dysfunction  ]: 547 
weak exp u lsion  forces 1: 547  

physio logic m echanism  1: 7 4 —75, 
5 4 5 - 5 4 6  

stress deíecation  and single-loop  
contincnce 1: 7 0 -7 1  

treatm enl of abnormal deíecation  
hchavioral approaches 1: 5 4 7 —548  
surgery 1: 548



D cíin iúve host. d ch n iú on  3: 122, 523  
D eglutition, sce Sw allow ing  
Delorm e proceđure 

definition 3: 421
solitarv rectal ulcer syndrom c 3: 425  

D em ilune, dcíin ition 3: 313  
Denervation, deíin iùon  3: 30 7  
D cpressive disorders 

deíĩnition 3: 271
serotonin targetìng ìn m anagem ent 

3: 348
D erm atom yositis, defin ition  3: 453  
D erm atosparaxis, deR nition 1: 661 
D esensiũzation, d eíin ition  3: 335  
D evclopm ent, gastrointesùnal tract 

colon 2: 4 9 5 —497
endoderm  specification  1: 5 4 9 —5 5 0  
esophagus 1: 767 — 768  
GATA transcription ĩactors 1: 550  
gul tube form ation 1: 5 5 0 —551 
liver

biliarv System 2: 531 — 532 
overvicsv 2: 5 0 7 - 5 0 8  
parcnchvm a 2: 5 3 0 - 5 3 1  
vasculaiuR' 2: 532  

organ đevelopm ent 
livcr 1: 551 
pancreas 1: 5 5 1 -  552  
palicrm ng 1: 551 - 5 5 2  
rcgional speciíìcation  1: 551 

pancrcas 5: 26 
pcritoncum  3: 168 
small in iesũne  

crypi Slcm cclls 3: 41 6  
e r y p i-v illu s  axis m orp hogenesis  

3 : 4 1 3 ,4 1 6  
em bryology 3: 4 ] 3
cndodcrm al sp ec iíica lion  3: 4 1 3 —41 4  
epilhelial cell d ifferentiation  3: 41 6  
cp ithelia l- m esenchym al in teractions  

3: 416
gul luhe íolcling and íorm ation

3: 414
m olecular iactors in  regional 

speciíìcation  3: 4 1 4 - 4 1 6  
Devon polyposis, leatures 2: 15 
Diabet.es m ellúus  

com plications
ccliac diseasc 1: 558  
colon  1: 558 
diarrhea 1: 561 
esophagus 1: 557 — 558  
gallbladđcr 1: 5 5 8 - 5 5 9  
liver 1: 559
neuropathv, see D iabeúc neuropathy  
overvie\v of organs affected 1: 557  
sm all intestine 1: 558  
stom ach 1 : 558  
gastroparesis, sei' D iabeúc  

oastroparesis

detin iúon  3: 8ft 
diagnosis 1: 5 5 3 —554  
k etoacidosis 1: 553 
m anagem ent in pancreatilis 3: 108 
m anagem ent

insu lin  and sensitizcrs l:  5 5 6 —557 
liíestv le inodiíìcation  1: 556  
pancreatic transplantation. scc 

Pancreaúc transplantation  
pathogenesis

type 1 diabetes 1: 5 5 4 - 5 5 5  
type 2 diabetes 1: 555  

types 1: 553  
Diabetic gastroparesis 

clinical presentation ]: 560  
diagnosis ]:  560, 561 
m anagem enl 1: 5 6 0 —561 
pathophvsio logy ]: 560  

Diabetic keloacid osis , dcfin iúon  2: 403  
Diabetic neuropathy  

deRnition 1: 561; 3: 86 
m etabolic derangem ents 1: 562 
neurodegenerative process 1: 562  
neuronal death ]: 563 

Diahetic rctinopathv, deíìn ition  3: 86 
D iam ine ox idase, defin iú on  2: 566  
D iaphoresis, dcfm ition  1: 295  
Diaphragm

d cíìn ilion  2: 386, 744  
innervalion  2: 386 

Diaphragm atic hernia, see aìso Hiatal 
hernia

Bochdalek hernia 1 : ‘565 — 567 
clin ical m aniícstations 1: 5 6 6 - 5 6 7  
congenital hernias 1: 56 5 , 567  
diagnosis 1: 5 6 6 —567  
incidencc and prevalence 1: 566  
m ixed  diaphragm atic hcrnia ]: 565 
M orgagnì hernia 1: 5 6 5 —566  
paraesophageal hernia 1: 565  
p athogenesis 1: 5 6 5 - 5 6 6  
trauma 1: 565  — 567  
treatraent 1: 567  

Diarrhea, see also Am ebiasis; Antibiotic- 
associated diarrhea; Cholcra; Colitis; 
Cryptnsporidium; Food poisoning; 
G astroenterilis; H em olytic urcm ic  
syndrom e; In íectious diarrhea; 
Irrìtable bow el syndrom e; 
Steatorrhea; Traveler’s diarrhea 

acquircd im m unodericicncy syndrom e  
m anifcstations 1: 14, 583 

acutc versus chronic diarrhea 
1: 5 6 8 - 3 6 9 ,  585  

antacid in d uction  1 : 88 
classìfication  1: 568  
d eíĩn iù on  1: 94 , 413; 3: 16, 3 4 6 , .399 
diabetes 1: 561  
diagnosis 1: 5 6 8 —574  
fatty diarrhea 1: 572

in ílam m aiory diarrhea 1: 568. 572, 585  
in testinal se c rc t io n  an d  abso rp t io n  

rcgulation 1: 5 8 6 - 5 8 7  
osm otit 1: 568
paracrine/im m une/neural/endocrine  

rcgulatory system  1: 572  
pathophysio logy

acute diarrhca 1: 569  
chronic diarrhea 1: 569  
increascd propulsive m otìlity  1: 95  
large-volurae versus sm all-volum e  

diarrhea 1: 5 6 9 - 5 7 0  
m otìlity  versus epithelial dysíunction  

1: 5 7 0 - 5 7 1  
osm otic diarrhea 1: 95 , 5 7 1 —572  
secretory diarrhea 1: 9 4 —95, 

3 7 1 - 5 7 2 ,  585  
pediatric

acquired diarrhea 1: 590  
congenítal diarrhea 1: 590  
differential d iagnosis 1: 5 8 7 —588  
ep id em io logy  1: 585  
in fectious diarrhca 1: 588  
inAamm atory diarrhca 1: 5 8 8 - 5 9 0  
laboratory evaluation  1: 5 9 0 - 5 9 1  
treatment 1: 592  

secrctory 1: 568
system ìc m astocytosis 2: 6 3 6 - 6 3 7  
Irealm ent, sẹe also Anti-diarrheal drugs 

in tcctious diarrhea 1: 583  
oral rehydration so lu tion  1: 575  

watery diarrhea 1: 572  
Diathcrmy, dcfin ition  3: 160 
Dictary fi.ber, see also Short-chain fatty 

acids 
assays 1; 5 9 7 -  598  
coloreclal cancer protection

case-control studies 1: 5 9 9 —600  
correlation stud íes ]: 599  
intervention trials 1 : 6 0 1 —602  
m echanism s 1: 6 0 2 —604  
overview  I: 5 9 3 —594, 597-599  
prospective stud ies 1 : 6 0 0 —601 

com p osition  1: 5 9 7 —598  
constipation  re lief 1: 500  
C roh n s d isease 1: 609  
deHnition 1: 4 9 9 , 593, 597  
dictary retercnce intakes 1 : 621 
diverticular d isease risks 1 : 608  
heraorrhoid m anagem ent 2: 293  
irritable b o w el syndrom e m anagem ent 

1: 611; 2: 4 7 2 - 4 7 3  
p h ysio logical cffects 1: 598  
resistant starch 1: 597 , 604  
sources 1: 598  
ulcerative co litis  1: 609  

Dietary reference intakcs (D R ls), see also 
R ecom m ended Dietary A llow ance 

acceptable m acronutrient distribution  
rangẹs 1 : 622



Dìelary reicrcnce intakes (D R ls). see cilso 
R ecom m ended Dietary Allovvancịg 
(conLinued) 

adequate intake 1: 6 1 3 —614  
elderly 2: 770  
establishm enl 1: Ố13 
estim ated average requirem ents 

1: 6 1 3 - 6 1 5  
estim atcd energy requircm cnt 1: 613  
fat l:  6 2 4 - 6 2 5  
m inerals 1: 614, 616 
m inerals and trace elem ents 1 : 628  

Dietary reĩcrence in lakcs (DRIs), see also 
R ecom m endecl Dietary A llow ance  

tolerable upper intakc lcvels 
1: 6 1 3 - 6 1 4 ,  6 1 8 - 6 2 1  

total energy expendiu irc 1 : 613 , 
6 2 1 - 6 2 2  

vúam ins 1: 615—616 
D ieulafoy’s lcsion

đ in ica l presentation 3: 590  
deíìn ition  3: 587  
paihology 3: 590  
ireatm ent 3: 590  

D igenean, d eíìn iúon  3: 523  
D iG eorge syndrom c, íeatures 2: 4 2 6 , 428  
D igesùon , see also Carbohydrale d igestion; 

Fat digestion; Protein digestion  
carbohydrates 1: 6 2 5 - 6 2 6  
lip ids 1: 3 4 4 - 3 4 6  
protein  1: 6 2 6 - 6 2 7  
adaptation 1 : 628  
d efin ilion  1: 624  
vitam ins

fat-soluble vitam ins 1: 6 2 7 - 6 2 8  
w ater-soluble vitam ins 1: 627  

Digital display protocol, definition  3: 180 
Digital lluoroscopy, d elin ition  3: 180  
Digital im age, d efin ilion  3: 180  
Digital rectal exam ination, deíĩn u ion  

1: 449  
Dim er, deíìn ition  3: 199 
DIOS, see Distal intestinal ob sư u ction  

syndrom e  
Diphỵlobolhnum ìatum. scr C csiodcs  
D iscrete clustered coniractions, duodenal 

m otility 1: 639  
D isinhibitory m otor disorder

en ter ic  ìn h ib i to rv  m o to r  n e u r o n s  1: 630 
pathophvsiology 1: 6.30 

D issecting aneurysm , dciĩn iiion  1: ]
Distal co lon , deRnition 1: 457  
Distal intcsũnal ohstruction syndrom e  

(DIOS) 
clin ical íealures 1: 540  
pathogcnesis Ị: 540  

D ivalent m etal transporier-1 (D M T 1), iron  
transport 2: 463, 465  

D iverticu liús  
blecding 1: 633

clin ical prescntation 1: 6 3 2 —633  
co lon ic ulcer induction  1: 444  
com puied  tom ography 1 : 493  
detinition 1: 43 4 , 597  
diagnosis 1: 60 6 , 63.3 
ep idem io logy  1 : 606  
etio logv 1: 607  
períoration 3: 162 — 163 
treatment 1: 607 , 633  

D iverticulosis
definìtion  1: 597, 632  
diagnosis 1 : 6 0 6  
cp idem io logy  1: 606 , 632  
etio logy 1: 607  
hcm orrhage 2 : 5 5 8 —55:9 
pathophysio logy lí  632  
treatment 1: 607  
uncom plicated  1: 632  

D iv m ieu lu m , sec aìso M eckel’s 
diverticulum  

blceding 1: 633
deR niúon 1: 632 , 767; 2: Ố38; 3: 160 

DM T1, see D ivalent m etal l.ransporter-1 
DNA íingerprinting, deíin ition  1: 89  
DNA m ism alch repair, detìn ition  2: 579  
D ogiel ncurons

enleric nervous systeni 1: 703  
typc 1 1: 701 
type 11 1: 70]

Dorsal rriotor vagal nucleus, d eíìn ition  
3: 57.3

Dorsal root ganglia, dcfin ition  3: 339, 
474

D ouble-bubblc sign , d efin ilion  3: 638  
D ouble duct sign , deíìn itiơn  3: 58  
DRIs, SCI' D íelary reĩerence in lakes 
D rug-induced co litis  

anim al m odels 1: 383  
an ú b ioú cs ]: 383  
chem otherapy agents 1: 383  
drug effects on  ex istin g  co litis 1: 384  
ncuroleptics 1: 3 8 3 - 3 8 4  
T hclper cell response 1: 383  

Dual energy X-ray absorptiom etry  
body com position  analysis 2: 762  
deRnition 3: 359  

D ualism , detinú ion  3: 271 
D ubin-Johnson syndrom e  

deRnition 1: 219  
ĩeatures 1 : 221 

D ueiopen ia , d eíin ition  1: .336 
D uci o f Santorini, d efin iũon  .3: 25 
D uct o f W irsung, definition  3: 25 
D um ping syndrom e  

defm ition 3: 286  
cìiagnosis ]: 634  
pathophysiolugy 1: 635  
ư ealm en l 1: 635  

Duotlenal atresia 
classilìcation 2: 443

diagnosis 2: 4 4 3 —4 4 4  
em bryology 2: 443  
treatment 2: 444  

Duodenal ulcer
clin ital raaniỉestations ]: 649  
deíìn ilion  1: 645  
diagnosis

cndoscopy 1: 649  
Hclicobacter pỵlori tests

antibndy and antigen tesls 1: 650  
histology and culturc 1: 649  
scrology 1: 6 4 9 —650  
urea breath test 1: 649  
urease biopsy 1: 649  

iraaging 1: 649  
epidem iology 1: 6 4 5 —646  
etiologv and risk íactors 

C roh n s discase 1: 647  
Hclicohacter pylori 1: 646  — 647  
id iopathic cases 1: 6 4 7 - 6 4 8  
in íection 1: 647  
ncoplasm s 1: 647
nonsteroidal anti-in ílam m atory drugs 

1: 6 4 6 —647  
sm oking 1: 647  
stress 1: 647  
stress u lcers 1: 647  
system ic m astocytosis 1 : 647  
Z ollingcr—E llison syndrom e 1: 647  

gaslréctom y 2: 103 
nianagement

Ịỉelicobacter pylori eradicalion  
1: 6 5 0 - 6 5 3  

hislam ine-2 receptor aniagonists 
1 650

m aintenancc ihacrapv 1: 650  
proton puinp inhibitors 1: 650  
recurrent ulccr 1 : 651  

pathogenesis
acid hypersecretion  1: 648  
anlral-predom inant gastritis 1: 648  
duodenitis and im m une response  

1: 649
gastric m etaplasia 1: 648  
gastrin secretion  1: 648  

períoration 3: 1 6 1 - 1 6 2  
Duodenitis

biopsy 1: 6 5 3 - 6 5 4  
Crohn's d isease 1: 654  
duodenal ulcer and ím m une response  

1: 649  
cpidem iology l: 653  
pathogens ]: 654  
pathology 1: 6 5 3 —654  
treaimcnt 1: 654  
types ] ■ 65.3 

D uodeno-ịeịunostoniv , deíin ition  1: 636  
Duodenum  

analoray
gross anatoinv 1: 655



lavcrs 1: 655
m icroscopic analom y 1: 655  

atresia. 1: 636
bar ium  rad ĩồ g ra p h ỹ  1: 145—148 
delìni t ion 1: 210, 655: 2: 201; 3: 566 
Ễístulaỉ 2: 41 
innervation  1: 6 3 6 - 6 3 7  
motility 

am uom ic  and  phvsio log ic  
co n s ìd e ra ũ o n s  1: 6 3 6 —6,37 

discrete  c lu s te red  c o n t ra c t io n s  1: 639 
Eed m oto r  p a t t e rn  1: 638 
lccdback  regu la t ion  o f  gasiric 

cm piy ing  1: 640  — 641 
giam m ig ra ting  c o m p lex es  1: 639 
m ig ra ting  in o lo r  c o m p le x  1: 6 3 7 -  

638 
regulation

extr insic  Tactors 1: 639 
intrins ic  lac to rs  1: 640  

rẹ irogn ide  per is ia l t ic  con i rac l io n s  
1: 639 

niucosal  hiopsv  
lìuodcnũìs 2: 6 71—672 
m alab so rp ú v e  d iso rd e rs  2: 672 
normal m u co sa  2: 671 
lurnors 2: 672 

o h s i ru cũ o n
đ in ica l prcscntaliíin  1: 636  
(l iagnosis 

adulis ]: 6 4 1  
Iieonales I: 643 

n io lo g v  I: 636  
m anagcm en t

medical th c ra p y  1: 6 4 3 - 6 4 4  
nconatcs 1: 643 
surgcrv and  s u -n ú n g  1 : 644 

u p p c r  gas tro in tes t ina l  e n doscopv  
3 5 6 9 - 5 7 0  

vvebs V. 640 
Duplica tion  cyst 

đetin i t ion  3: 468  
(ca tu trs  3: 471 

Dvschezia, dc í ìn i t ion  2: 498 
Oỵsgeusia,  de f in i t ion  3: 649 
D ysm e norrhca ,  d e ữ n i t io n  2: 467; 3: 264 
Dvspareun ia ,  d e f in i t ion  2: 467 
Dyspcpsia, deR nit ion  2; 75, 145; 3: 16, 264 
Dỵsphagia 

causes Ị :  657 
classificalion 1: 656 
dcíìui t ion 1: 295,  385 ,  656 ,  738. 767;

3: 566, 649 
evaluation

historv 1: 657  
imaging 1: 658 
l .iboratorv tests 1: 658 
m an o m etry  1: 658 
phvsical c x a m in a t io n  1: 657 

hyp o th y ro id ism  d ĩ e c t s  2: 416

m anagcm cni 1: 658  
p a th o p h v s io lo g v  1: 656 

Dysplasia
B arre t t ’s csophatịus 1: 7 4 4 - 7 4 5  
dctĩnition  1: 743: 2: 116, 668 

D vspnea, d cíìn ition  1: 295  
Dvsuria ,  đ e í ĩn i t io n  3: 264

HA, M ĩ  Esophageal  a tresìa 
EAS, scc  E x te rnal  ana l  sp h in c te r  
S á t in g  d iso rdcrs ,  SCI’ A norex ia  nervosa: 

Bulimia nervosa  
EATL, scc ĩĩn teropathy-associatcd  T ccll 

Ivm p h o m a  
E ch in o co ca ts, scc á lsd  C es todes  

def in i t ion  2: 522 
in icc t ion  ĩea tu res  3: 130 
liver cysts 2: 5 2 7 - 5 2 8  

E chogenic, deBnition 3: 543  
ECL cell, Sf(' l in ie roch rom nH in- l ikc  cell 
Ectasia, dcfin iũ on  1: 1 
H c todom ain ,  d e ím u io n  3: 534  
H clopic, d efin ilion  2: 638  
Hdema, dcíìn ition  1: 25 
E d ro p h o n iu m ,  đe( ín i l ion  1: 295 
EITerenl íiber, đ eíin ition  2: 105; 3: 573  
ECF, scẹ Epiđermal grovvth facior 
HGG, sec E lecirogaslrography  
Hgress, d eíin ition  3: 502  
EM BA, stv B x trah cp a t íc  bil iary atresia  
[ihlcrs D anlos syndrom e (ERDS) 

c linical m an ifcs ta t ions  
c u t a n e o u s  ]: 661 
gasiroin leslinal 1 : 661 
m u scu loske le ia l  1: 661 

definition  2: 3 7 9  
d iagnos is  1: 662  
etio logv 1 : 66L 
prognosis 1 : 662  
t r e a tm c n t  1: 662  
types  1: 661 

Elastase,  i u n c ú o n  1: 627 
Elasticity im aging  

dcR n il ion  3: 543 
u l t r a s o u n d  3: 555 

E lcc trochcm ica l  g rad ien l ,  dc l ĩn i t ion  2: 754 
E lec trogas trog raphv  (EGCi) 

ac t ion  p o ten t ia ls  1: 663 
analys is

I requenc ies  1: 665 
p o w c r  d is t r ib u t io n  1: 665 
p o w e r  rat io  1: 665 
visual analysis 1: 665  

c linical ap p l ica t io n s  1: 669 
d efin ition  1 : 662  
gas tr ic  dysrh y th m iag  

bradygas tr ias  1: 666 
drug-induccd 1 : 669

đysm oli l i ly -l ike  lu n c ú o n a l  đvspepsia  
1 : 668 

gas lropares is  
diahctic  1: 668 
id iopa lh ic  1: 669 
ischcm ic  1: 669 
obstruciive 1 : 669  

m ixcd  d y s rh y th m ia s  1: 667 
m o t io n  s ic kness  1: 669 
nausea  ol p re g n a n c v  1: 667 
tachygastr ias  1: 666 

normal patterns 
ías ting  1: 665
poslprandial patterns ]: 666 

patesetlcr polen tia ls 1: 663  
plaieau poientia ls 1: 663  
r e co rd in g  1: 664  
research applications l: 669  

E lc c t rohvdrau l ic  l i tho tr ip sv ,  d ef in i t ion  
1: 305

Electrolytes , de í ĩn i t ion  3: 399 
E m b o l is m ,  scc a h o  ln tes t ina l  in ía rc t ion  

de í in i l ion  2: 447 ,  450 
Em esỉs, sec CTỈ.S0 H ypercm csis gravidarum; 

N ausea;  R u m in a t io n  s y n d ro m ẽ  
an tiemet.i t  d ru g s  3: 2 1 - 2 2  
dc t ĩn i t ion  1: 670 
gas tro in tcs t ina l  r esponses  

m o to r  rc sp o n ses  1: 671 
m yoeleclr íc  r esponses  1: 6 7 1 —672 
p h a rv n g o eso p h a g ea l  r esponses  1: 672 

neural ẹon irol 
alĩerent pathw ays 1: 673  
e l íe ren t  pa th w ay s  1: 673 
Central contro l 1: 673 

p h a rm a c o lo g ic  ta rgc t ing
Centra l  paltern generator 1: 6 7 4  
c h e m o re c e p lo r  tr igger  zone  1: 673 
per iphera l  con tro l  1: 673  

se n so ry  m e c h a n ism s  
ch e m o re c e p to r s  1: 671 
c h e m o re c e p to r  tr igger zo n c  1: 671 
m e c h a n o re c c p to r s  1: 671 
n o n p h y s io lo g ic  s t im uli  1: 671 

sc ro to n in  ta rge t ing  in  m a n a g e m e n t  
3: 3 4 8 - 3 4 9  

su b s tan cc  p  role  a n d  r ecep to r  an tag o n is t  
t r c a tm c n t  3: 4 7 8 —474  

E m p v c m a .  dcR nil ion  2: 90 
E m u ls io n ,  d cR n iú o n  1: 343 
E n cc p h a lo p a th y ,  de t ìn i t ion  1: 25 
Encopres ĩs ,  def in i t ion  1: 502 
E n d o c r in c ,  d e í ìn iú o n  2: 105, 257 
Endocytos is ,  d e l ĩn iú o n  3: 140 
E n d o d e rm

def in i l ion  1: 549 
sp ec iík a tio n  1: 5 4 9 - 5 5 0  

E ndolytic breath test 
dc fm ition  1: 227
labcled carbon d iox id e lests 1 : 228



Endom etriosis, co lon ic  1: 447  
Endom ysial antibodies, celiac disease 

1: 281, 669  
E nđopeptidase, deRnition 1: 624  
Endoplasm ic rcticu lum , d eíìn ition  1: 25, 

28; 2: 501  
E ndoscope, deR nition 2: 101; 3: 566  
Endoscopic hem ostasis  

eữìcacy 3: 562  
recurrent bleeding 3: 562. 
techniques 3: 5 6 1 —562  

Endoscopic hem ostasis  
variceal b leed ing 3: 562  

E ndoscopic retrogradc
cholangiopancreatography CERC.P) 

acquired im m u n od eíicien cy  syndrom e  
cholangiopathy 1 : 8, 10—11 

biliarỵ stricture 1 : 201 
cholangiocarcinom a l: 302  
com plications 

bleeding 1: 694  
pancreaũtis 1: 6 9 3 —694  
períoraũon 1: 6 1 4 —695  
sepsis 1: 695  
stcn ts 1: 6 9 5 - 6 9 6  

definition  1: 8, 200 , 204 , 305; 2: 285;
3: 35 , 58, 84 , 95 , 10L, 154, 434  

gallstones 1: 326 , 330  
hem obilia  2: 287
Oriental cholangiohepatiLis 1: 306  
pancreatic cancer 3: 62  
pancrcatitis, acule 3: 1 0 5 —106 
primary se lerosin g  cholangitis 1: 312  
septic com p lication s 2: 742  

Endoscopic sclcrotherapy, esophageal 
varices hem orrhage prevention  and 
m anagem ent 3: 2 1 4 - 2 1 5 ,  582  

E ndoscopic u ltrasonography (HUS), iỂé 
also u llrasonography  

cancer staging
anal cancer 1: 685  
esophageal cancer 1: 685  
gastric cancer 1: 685  
lung cancer 1 : 688 
pancreatic tum ors and lesion s 1 : 686 
tum or/node/m etastasis staging system  

1: 685
celiac p lexu s neurolysis 1: 687  
ch oled och olith iasis 1: 687  
coraplications 1: 697  
definition  1: 682; 3: 58 , 101, 453  
cquipm ent

curved linear array ech o en d o sco p es  
1: 684  

m iniprobes 1: 684  
radial sc a n n in g  e c h o e n d o s c o p e s  

1: 6 8 3 —684  
íine needle aspiration gu idance 1: 684  
intramural tum ors and cxtrinsic  

com pression  1 : 688

lĩm itations 1 : 689  
niediastinal mass evaluation 1 : 688 
pancreatic cancer 3: 44, 63 
pancreatitis, acute 3: 105 
pancreatitis, chronic 1: 775  
sou n d  wave ửequencies 1 : 682  
subm ucosal tum ors 3: 4 6 9 -4 7 1  
technique 1: 684  

E ndoscopic variceal ligation, esophageal 
varices preventian and treatment,
3: 214 , 218  

E ndoscopy, see aho C olonoscopy; 
Percutaneous endoscopiã  
gastrostom v; S igm oidoscopy; Upper 
gastrointestinal endoscopy  

com p lica lion s
cardiopulm onary com plications  

1: 691
con sc ious scdaiion  1: 6 9 0 - 6 9 1  
in fecùon  1: 691 
topical aneslhesia 1: 691 

consent 1: 691
definition  1: 305; 2: 289; 3: 54.3 

E ndothelin , hepalic circu lalion  regulalion  
2: 301

E ndotoxin , hepatic circulation response  
2: 30.3

End-stage liver disease, d eíìn ilion  2: 340  
Encm a

barium , see Bariura radiology  
co lon ic  ulcer induction  1: 443  - 4 4 4  

Entamocba histolylica, scc Am ebiasis 
Enteral m urition , see also Percutaneous 

en d oscop ic gastrostom y  
access 1: 699  
com p lication s ]: 700  
C rohn’s disease, pediatric Ị: 524  
d efin ition  1: 698; 3: 1.32 
drug—nutrient ìntcractions 1: 7 0 0 —701 
íorm ulas 1: 6 9 9 —700  
ind ications 1: 699  
tubcs 1: 699  

Enteric nervous System 
action  potentials 1: 701 
AH -type enterit ncuron 1: 701, 704  
deíĩn ition  1; 94 , 545 , 670 , 701; 2: 195;

3: 120, 404, 4 7 4  
disính ib itory raotor disordcr 1: 630  
D ogiel neurons 1: 703  
fast excitatorv postsynaptic potcntials  

1: 705
g as tro -co lic  reílex  2: 195 — 196 
glial ce lls , sec Glial cell 
heuristic m odel 1: 703 
in ío rm a lio n  P rocessing  1: 702 
scnsory  Processing 1: 702  
slovv ex c ita to ry  p o stsv n ap lic  p o tcn tia ls  

1: 7 0 5 - 7 0 6  
slow  in h ib ito rv  p o stsv n ap tic  p o ten lia ls  

1: 706

sphincter control 3: 446  
stom ach innervation 2: 110, 134
S-lype enteric neuron 1: 701 , 704  

Enteric sensory neurone, deíin ition  3: 339  
Enteritis

definilion  3: 351  
regional 3: 418  

Enterochrom aííìn cell, deRnition 1: 94, 
136, 670; 3: 346  

Enterochromaffin-Kke (ECL) cell 
carcinoid tumors 1: 708; 2: 178 
dcRnition 1: 707; 2: 105, 172, 392,

3: 426
gasLric acid secrction rcgulation 2: 

1 1 3 -1 1 4
histam ine release 1: 707; 2: 1 0 7 -1 0 8 ,  

393
patbophysiology 1: 7 0 7 - 7 0 8  

Enterocyte 
apolipoprotein CUI synthesis 1: 103 
delìn ition  1: 94 , 158, 34.3; 2: 23 , 597;

3: 404  
điíTerentiation 1: 414  
iron uptake, Processing, and releasiị 

2: 4 6 4 -  465  
lipid absorption, sce Lipid absorplion  
triacylglỵceride resynthesis 2: 26  

Enleroendocrine cells, definition  3: 68 
Enterogastrone, delìn ition  2: 726;

3: 78
Enteroglucagon, Séc alsữ G lucagon-like  

pepúdes  
history ()f studv 1: 709  
L ccll expressíon 1: 709  
Processing 1: 710  
structure 1: 7 0 9 - 7 1 0  

Enterohepalic circulation  
bile acids 1: 197 
defects 1: 198—199  
deRnúion 1: 176 

Enterokinase, dcíìn ition  3: 533  
Enteropathy, see also Protein-losing  

enteropathy, pcdiatric  
H ntcvcpathy-associaled T ccll lym phom a  

clinical íeatures 2: 578  
definition 2: 576; 3: 251, 255  
m anagem ent 2: 578  

Enteropathy-associatcd T-ccll lvm phom a  
(EATL), sm all intestine 3: 411  

E nteroloxin, deíìn ilion  1: 136, 379; 2: 59  
E osinophilit gastriũs, leaiures 2: 185 — 

186
E osinophilic gaslroenlcritis  

clin ieal presenlation l: 717  
diagnosis 1: 716  
m ucosal 1: 716  
nm scular 1: 716  
palhogcnesis 1: 716  
scrosal 1: 716  
trcatmont 1: 717



Eotaxin, detinition 1: 716  
Epidcrm al grovvih Cactor (EGF) 

dchniúon  2: 645  
íunctions 2: 2 5 0 -2 5 1  
Processing 2: 250  
reccptor distribution 2: 2 5 0 —251 

Epìgastric, deíinttiọn 3: 566  
Epiphrcnic diverticulum , surgical 

m anagem cnt 1: 7 5 0 - 7 5 1  
Epiploic appendagitis, com puted  

tom ographv 1: 494  
Episclerilis. d cíin ition  1: 385  
Epithclial polarily. d eíin iùon  3: 399  
Epithelium , gut

barrier (unclion  in gastrointestinal tract 
adhcrens ịuncúon 1: 718  
paihology

id iopalh ic inílam m alory states 1: 722  
palhogen-inctuced damage 1: 723  

lighi ịunction
cviok in e reguhttion o f perm eability  

1: 722
glu cose rcgulation o f perm eabiliiy  

1: 721
lcu k ocyic regulation of 

penneabilitỵ  1; 721 
signal transduction pathways 

1: 7 2 0 -7 2 1  
stru cu ư e 1: 7 ) 9 - 7 2 0  

proliíeration  
assays 1 : 726  
coII cvcle  1: 726  
Lukm 1 - 728 729  
điscases 1: 730  
esophagus 1: 726  
íactors affecting 1: 729  
oral m ucosa ]: 726  
rectum  1: 7 2 8 - 7 2 9  
sm all intestinc 1: 7 2 7 - 7 2 8  
stoinach  1: 727  

repair
esophagus 1: 7 3 1 - 7 3 2  
inlestinc

extracellular m atrix rolc 1: 734  
m odels 1: 733
m olccular m echanism s 1: 734  
m orphology 1; 733  
pep lides and growth [actors 

1: 7 3 3 - 7 3 4  
stom ach 1: 7 3 2 - 7 3 3  

zones 1: 725  
ERC1\ see Endoscopic retrograde 

cholanoiopancreatography  
ERDS, sec E h lcrs- D anlos syndrom e 
E rgonom ies, dcRnilion 3: ISO 
Ergonovinc. deíiiiition  1: 295  
Erosion. deíin ition  1: 645; 2: 157, 395;

3: 293
Erosive and hcm orrhagic gastritis, see 

G asiriús

Ervthema nodosum  
deíin ition  1: 385; 3: 651 
ulcerative co lilis  assođ ation  1: 390  

Ềschmchia coli, see also H em olyiic urcm ic  
syndrom c; Travelers diarrhca 

heat-labile entérotoxin  1: 138 
heat-stable en ierotoxins 1: 138 

Esophageal airesia (EA) 
anatom y and em bryology 2: 722  
associated anom alies 2: 7 2 2 —723  
classifìcaũon 2: 722  
clin ical prcsentation 2: 723  
diagnosis 2: 723  
ep iđem iology 2: 721 
historical pcrspective 2: 721 
trcatm ent and outcom es 2: 7 2 3 - 7 2 4  

Esophagcal cancer 
adcnocarcinom a

cp idem iology 1: 740  
pathology 1: 740  
risk factors 1: 740  

clin ical raaniíeslations 1: 738, 740  
diagnosis 1: 741 
prognosìs 1: 738, 7 4 1 -7 5 1  
sm oking risks 3: 4 1 9 - 4 2 0  
squam ous cell carcinom a 

ep idem iology 1: 739  
pathology 1: 739  
risk ĩaciors 1: 740  

staging 1: Ỏ85, 741 
surgical m anagem ent 

conip lications 1: 755  
Ivor Lewis esophagcctom y  

1: 7 5 3 - 7 5 4  
left thoracọabdom inal approach  

1: 754
M ckcow n operation 1: 754  
radical en block esophagectom y  

1: 755
reconstruction  1: 7 5 2 -7 5 .3  
resection 1: 752
transhiatal esophagectom y l: 753  

surveillancc and screening o f Barrett’s 
esophagus 1: 744  

treatment ]: 742, 752  
ulceration 1: 761 

Esophageal stricture 
clin ical presentation 1: 746  
deiĩniticm  2: 211 
etio logy  1: 746
gastroesophageal reílux disease 2: 205  
pathogenesis 1: 746  
treatm ent 1: 747
upper gastrointestinal endoscopy 3. 571 

Esophageal trauma 
caustic injurv 

diagnosis 1: 758  
e lio logy  1: 758  
m anagem enl 1: 759  

períorating inịury

d iagnosis 1: 757  
etio logy 1: 756  
m anagcm ent 1; 7 5 7 - 7 5 8  

transesophagcalcchocardiographv 1: 756  
Esophageal ulcers 

clio lo g y
gastroesophageal reílux d isease 1: 76]  
im m unosuppression-associaced  ulcers 

1: 761 
m ed ication s 1: 761 
pathogens 1: 761 
tum ors 1: 761 

prevention  1: 762  
treatm cnt 1: 762  

H sophageal varices 
hem orrhage

d evelopm ent 3: 2 1 2 - 2 1 3  
en d oseop ic  signs 3: 213  
first-line iherapy

acute m anagem eni 3: 580  
en d oscop ic sclcrotherapy 3: 2.15, 

582
som atoslatin  3: 215 , 581 
vasopressin  3: 215 , 581  

p rediction  3: 577  
prevention  of recurrcnt b leed ing  

efficacy and cost com parison  ol 
ireaim cn ls 3: 585  

overvievv 3: 583  
pharm acologic therapy 3: 58.3 
surgery 3: 584  
transjugular intrahepaùc  

p on osystcm ic  sh u n i 3: 584  
primary prevention  

beta-b lockers 3: 214 , 578  
en d oscop ic  sclerotherapy 3: 214  
en d oscop ic  variceal ligalion 3: 2 14 , 

580
nitrates 3: 214 , 5 78  
overvìew  3: 214  

risks 3: 213  
se co n d a iy  prevcntion  

bcta-blockers 3: 218  
en d oscop ic  variceal ligaúon  3: 21 8  
liver transplantation 3: 218  
nitrates 3: 218  
surgery 3: 218  

sccon d -lin e  treatment
balloon  tam ponadc 3: 217, 582  
surgery 3: 217 , 582  
transjugular in lrahepatic

portosvstem ic shunt 3: 2 1 7 —218, 
582

natural history 3: 213  
portal hvpertcnsion  association  3: 212  

E sophagectom y, sec Esophageal cancer 
E sophagitis, cow  inilk protein  allergy  

1: 507
E sophagogastroduodcnoscopy, dctìnition  

1: 6 90 , 756; 2: 382



E sophagojejunostom y, d e íin ilion  2: 101 
E sophagoscopy, definition  2: 66
E sophagus, sec also Barrett’s esophagus  

acquired im m u n od eíicien cy  syndrom e  
m aniíestations 1: 13—14 

aging e íĩects 1: 5 —6 
am vlo iđosis 1: 65 
anatom y

adventitia 1: 764  
circulation 1: 765  
gross anatom y 2: 223  
lin in g  2: 225
low er esophageal sph in cler 1: 765  
m ucosa 1: 763  
m uscularis propria 1: 764  
subm ucosa 1: 763; 2: 225  

E sophagus, sce also Bai'rett’s esophagus  
upper esophageal sphincter  

1: 7 6 4 - 7 6 3  
barium  radiography 1: 1 4 3 - 1 4 5  
com p uted  tom ography  

neoplasm s 1: 489  
varices 1: 489  

congenital anom alies, sec aìso 
Hsophageat airesia 

diverticulae 2: 218  
esophageal d up lications 2: 217  
tìstulas 1: 768  
Schatzki rings 2: 217  
sten osis 1: 768; 2: 217  
vascular rings 2: 218  
w ebs 1: 767; 2: 217  

cyst m anagem cnt 1: 751  
developm etit

ch íld h ood  1: 767  
em bryology 1: 767  

dĩabetic com plications 1: 5 5 7 —558  
diverticula, sec Epiphrenìc divcrticulum ;

Zenkcr’s d ivcrticu lum  
cp ithelium

proliíeration  1: 726  
restitution 1: 731 - 7 3 2  

íĩstulas 2: 41 
lunction  2: 2 2 3 - 2 2 5  
m a n o m e i r y ,  SÍT M a n o m e t r v  

m astocvtosís abnorm alities 2: 635  
m ucosal b iopsy  

esophagitis 2: 669  
norm al m ucosa 2: 669  
reílux lesion s 2: 669  
tum ors 2: 669  

surgerv, scc Esophageal cancer;
G astroesophageal reílux diseasc  

trauma, see Boerhaave's syndrom e;
Esophageal trauma 

upper gastroiniestinal en d oscop v  
3: 5 6 8 —569 , 5 7 1 - 5 7 2  

w ebs 3: 6 3 8 - 6 3 9  
perforalioi! 3: 160—161 

Ethanol, sec A lcohol

Hugastria, deRnition 1 : 662  
EUS, SCO Endoscopic  u l t ra so n o g rap h v  
Excitation—contraction coupling  

colonic contractíon regulation  
1: 4 3 0 - 4 3 1  

deíin ition  1: 425  
Excretorv duct, deRniúon 3: 313  
Excystation, deRnition 2: 233  
E xocytosis, deíinUion 1: 777  

deíìn ition  2: 23; 3: 140  
m olecular m echanism s, 2: 2 3 —24  
m orphologv 1: 7 7 7 —2: 23 

E xopeptidase, dednition  1: 624  
Exrernal anal sphincier (EAS) 

deíìnition 1 : 79
injury and [ecal inconúncnce 2: 33  
innervation 1: 6 9 - 7 0  
loops 1: 69 , 7 9 - 8 0  
strcss defecaúon and single-loop  

continence 1: 7 0 - 7 1  
volunlary anorectal inh ibition  rcflex  

1: 70
voluntary m echanical action 1: 70  

Extracellular matrix, scc also 
Gastrointestinal matrix 

com posilion  in norm al liver and hepatic  
scar 2: 3 4 - 3 5  

dcfinition 2: 34
hepatic sle lla ie  cell activation 2: 35  

Exirahepatií.' biliary atresia (EHBA) 
diagnosis 1: 2 1 3 - 2 1 4  
extrahepalic com plications 1: 214  
incidcncc 1 : 212 
treatmcnt 1: 215  
types 1 : 212

F
Familial adcnom atous p olyposis (FAP) 

APC m utations 2: 6 
clinical ĩeatures

cutaneous lesions 2: 2 
desm oid lum ors 2: 2 
extracolonic polyps 2: I 
m aỊignandes 2: 2 - 6  
ovcrvicw  1: 461; 2: 1 - 2 ,  7  

colorectal cancer screening 1: 4 7 1 -4 7 2 ;
2: 6 - 4 .  8 

deíìn ition  1: 470; 2: 420  
diagnosis 2: 6 
genetic testing 2: 8 
heredity 2: 1 , 8 
ireatment

rneđical m anagcm ent 2: 4, 9 
surgeiy 2: 4, 8 —9 

varianis 2i 7 —8 
Fanconi's syndrom e, deRnition 2: 368  
FAP. scc Patnilial adenom atous polyposis  
Farnesoid X receptor (FXR) 

bile acid synthesis regulation 1: 199 
delin ilion  1: 192

Fast-track surgery 
anesthesia 2: 20—21 
operaiing rooni 2: 21 
postoperative care 2: 21 — 22 
preoperalive preparation 2: 20 
prospects 2: 22 

Fat digestion
absorption, sec Lipid absorption  
cholesterol esterase 2: 25  
gastric em ptving e iĩects 2: 119 
lipases 

gastric 2: 2 3 - 2 4  
pancreatic 2: 24  

ovcrview  1: 6 2 4 —625  
phospholipase A2 2: 2 4 - 2 5  

Fatty acid absorption, see Lipid absorpiion  
Fatty acid-binding protein, dePiniúon 

2: 501 
Fatty livcr disease 

alcoholic disease 1: 2 5 - 2 6  
nonalcoholic d isease  

clinical leatures 2: 734  
diagnosis 2: 735  
elio logy 2: 733  
hislology 2: 7 3 4 —735  
m anagem ent 2: 736  
naiural history 2: 7 3 5 - 7 3 6  
pathogenesis 2: 735  
prevalence 2: 734  
risk íactors 2: 7 3 3 - 7 3 4  

Pccal incontinence, see CỊỈSO D elecation  
cieílnition 2: 31 
diagnosis 2: 33 
epidem iologv 2: 3 1 —32  
pathophysiology

anal sensation  and sam pling retlcx 
2: 32

external anal sphincter 2: 33 
internal anal sphincter 2: 33 
pelvic (loor m uscles 2: 32  
rectal com pliance 2: 32  
rectal scnsation  2: 32 

severitv scales 2: 31 
trcatment 2: 33  

Fecal occult b lood , see O ccult 
gastrointestinal b leeding  

Fecal o ccu ll b lood test (FO BT), colorectal 
cancer screening 1: 4 6 2 —463 , 468 , 
471

Fecal pancreatic elasiase 1 
detinilion 3: 76
pancrealic lu n clion  testing 3: 77  

Fecalith, definition 1: 104 
Fed Iiioior pattern, duodeíial m otility  

1: 638
FeneStration. d elin iúon  1: 25 
Fcrritin, deíin ition 2: 372, 463  
*-Fetoprotein, definition  2: 340  
FHF, scc Fulm inant hepatic íailure  
Fiber, SCI' Dietary íibcr



Pibroblast grow ih íactor. đ eíìm tion  
2: 530

Pihrom valgia, dednition  3: 264  
Fibrosis, SÍT  aho H epatic fibrosis 

dcfinition 1: 308; 3: 566  
pcriductal 1: 336  

Film digitizer. defin iùon  3: 180  
Film file room , definition  3: 180  
Hilm screcn, d eíin ítion  3: 180  
Filopodia, d efin ition  3: 199  
Fine needlc  a s p i ra t io n ,  p a n c rc a t ic  cance r  

3: 64
Fissure. detìn ition  1: 509; 3: 371 
Pistula. x e  also Im perlbrate anus; 

T racheoesophageal tìstula 
biliarv, Sec Biliary íìstula  
classitìcaúon 2: 39  
colon 2 : 4 1
đeíinition 1: 3 66 . 509; 2: 39 . 431  
duodcnum  2: 41 
esophagus 2: 41 
imaging 2: 40  
m anagem ent 

íluids and elcctrolytcs 2: .39 
nonoperative m anagem ent 2: 4 0 —41 
nurrition 2: 40  
sepsis con lrol 2: 40  
skin care 2: 40  
surgery 2: 41 

pancreas 2: 41 
small in testine 2: 41 
stom ach 2: 41

Haiulmt
anliílatulcnl agcnts 3: 16, 18 
colonic gas sources 2: 42  
diTmition 2: 42  
diITerential d iagnosis 1: 274  
therapeutic in tcrven lions 2: 43  

r iav ino id ,  d d i n i t k m  1: 176 
Plippasc, d eíin iũon  1: 176 
Plukes, sce Trcm atodes  
Pluom sco py 

(M in itio n  3: 151, 566 
picturẹ arth iv in g  and com m unication  

svslem s 3: 1 8 6 - 1 8 7  
FOBT, see Fccal occu lt b lood  lcsl 
Focal adhesion , detìn ition  3: 199 
Folic acid 

absorplion 2: 44; 3: 636  
deíiđ en cv  

anem ia 2: 45
cardiovascular d isease 2: 46  
ccliac dĩsease 2: 46  
cognitive changes 2: 47  
Gơlon cancer 2: 46  
ep idem iology 2: 45  
gcnetics 2: 4 4 —45  
inllam m atory bow el d isease 2: 46  
neural lubc d eíects 2: 4 5 —46  
seirurcs 2: 4 6 —47

food sources 2: 45 
lu n cú ons 2: 44; 3: Ố36 
intakc requirem ents 2: 4 f  
transport syslcm s 3: 636  
uptake regulation 3: 637  

Foođ allergy, scc aho  Cow m ilk proicin  
aỉlcrgy 

allcrgcns 2: 49  
classification 2: 47  
clin ical (eaturcs 2: 48  
delĩn ilion  2: 47 , 57 
ep id em io logv  2: 48  
in lolerance versus hvpersensitivity  

]: 506  
m anagem ent 2: 48  
m cchanism s

chronic im m unoglobulin  E-associaled  
reactions 2: 49  

im m ediate im m unoglobulin  
E-m ediated gastrointestinal 
hypcrsensiliviiy  2: 49  

n on-im m unoglobu lin  E-m ediated  
gastrointestinal hypersensitivily  
2: 50

Food intolerance, scc; aho Lactose 
intolcrancc  

ađditives and preservatives 2: 57 
definition  2: 57  
enzym c dcficicncies 2: 57 
inílam m atorv bow el diseasc 2: 58 
irritablc bovvel syndrom c 2: 58  
pharrm cologita l reaclions to loocls 2: 58  

Food poisoning, 861' alsạ Iiiícciious  
diarrhea 

bacteria
Bữtillus cereus 2: 60  
Clostrìdíum peifringes 2: 60  
Staphylococcus aureus 2: 60  

deíin ition  2: 59  
differenlial d iagnosis 2: 61 
ep id em io logy  2: 59 
prevention 2: 6 1 - 6 2  
treatm enl 2: 61 

Food saícly  
contam inants

m elhylm crcury 2: 6 4 —65 
polychlorinated  biphcnỵls 2: 65 

handling 2: 65  
incid cn ce 2: 63 
irradiation oi loods 2: 65  
rcgulatory agencics 2: 63, 65  

F ood b o in e disease 
causes

bacteria and toxins 2: 53, 5 4 —56
overview  2: 52, 5 3 - 5 4
parasites 2: 53
produce 2: 52
rate causes 2: 54
seed  sprouts 2: 53
viruses 2: 53

d efin ition  2: 63  
ep id em io logv  2: 5 1 —52  
in ícctiou s causes 2: 6.3—64  
m anagcm cnt 2: 56  
outbreaks 2: 59  
secondary spread 2: 51 

porcign bocly in gestion s  
battcries

d iagnosis 2: 68
treatm ent and ou tcom cs 2: 68 

co in s
d ỉầgnosis 2: 67  
treatm ent and o u tcon ies 2: 67  

foods
d iagnosis 2: 69  
treaim ent and ou tcom cs 2: 69  

pins
d iagnosis 2: 68 
trealincn! and ou lco in cs 2: 68 

upper gaslrointcstinal endoscopy  
3: 572

Pbrkhead-related proteins, d eíin ilion  
1: 549

FOS, sec Fruclooligosaccharides  
Free radical

a lcoh o l m etabolism  and ox idativc stress  
1: 2 9 - 3 0  

defin ition  1 : 28  
Fructooligosaccharides (FO S), co lon  

discase m odu laú on  ]: 605  
Fructose

in lo lerance, sec llerecliiarv Iruclose 
in lo lerancc  

m etabolic d isorders 2: 371 
m eiabolism  2: 368  
transport 1: 277  

Fulm inant hcpatic íailure (FH F), SCO also 
Livcr tailure, pediatric  

classilĩcation  2: 7 0 - 7 1  
clin ica l m anifestaúons  

coagu lopathy 2: 72 
encephalopathy 2: 72  
hypoglyccm ia 2: 72 
hypoxcm ia 2: 72  
infecLion 2: 72  

deR nition 2: 70  
elio lo g y  2: 7 0 —71 
in cid cn ce 2: 70  
laboralory íests 2: 71 
m anagem ent 2: 7 3 - 7 4  

Functional abdom inal pain  
d eíin ition  3: 299  
diagn osis 3: 2 9 9 - 3 0 0 ,  303  
ireatm ent

diet 3: .3 0 4 -3 0 5  
exp lanation  o f  suspected

path op h ysio logy  and natural 
historỳ 3: 3 0 3 - 3 0 4  

goals 3: 304  
h osp ita lízaú on  3: 306



Punctional abdom inal pain (continued ) 
pharm acotherapy 3: 305 
psychological su p p o n  3: 3 0 5 - 3 0 6  

Functional dyspcpsia
clinical íèatures 2: 7 5 —76 
deRnition 2: 75, 145 
diagnostic criteria 2: 7 5 - 7 6  
evaluation 2: 76
gastric accom odation  d eíects 2: 147 
pathophysio logy 2: 76 
treatraent 

acid suppression  2: 77 
altem ative m edicine 2: 78  
Hclicobacíer pylorí eradication 2: 78 
liíesty le m oditìcation 2: 77 
overview  2: 7 6 —77 
prokinetic agents 2: 7 7 - 7 8  

P unctional dyspepsia
psỵchoirop ic m edications 2: 78 

Punctional gastrointesúnal disease 
d eíin ilion  3: 264
psychiatric com orbidity 3: 2 6 6 —268  

Functional gastrointestinal disorder, 
d efin ition  2: 725  

F undoplication , d eíin ition  1: 656 , 748, 
756; 2: 20 3 , 382 , 653  

Fundus, definitíon  3: 566  
Fungal in íection , see Candidiasis 
Fusiform  ancurysm , deỉìn ition  1: 1 
FXR, see Parnesoid X receplor

G
G alactosc, ưansport ]: 277  
G alaciosem ia

clinical presenialion  2: 8.3—85 
definition 2: 83
enzym e d eficiencies 2: 83 , 85 , 86 
galactose m etabolism  2: 83  
long-term  com plications  

n eu rolog ita l abnorm alities 2 : 86 
ovarian dysíunction  2: 86 
speech  and ỉanguage disorders 2: 86 

niolecular gen eú cs 2: 85  
neonate screening 2: 8 5 - 8 6  
treatm enl 2: 86 

ct-Galactosidase, over-ihe-counier  d rugs 3: 22 
Gallbladder

aging effects on biliary ưact 1: 7 
com puted  tom ography  

ch o lecystú is 1: 487  
choled och olith iasis 1: 487  
gallstones 1: 326, 487  
neop lasm s 1: 488  

diabetic com plications 1: 5 5 8 - 5 5 4  
[unction 1: 193 
pediatric disorders 

acalcu lous cho lecystitis 2: 9 0 —m  
biliary dyskinesia 2: 91 
congcnital abnorm alities 2: C)1 
ga llslon es 2: 9 1 - 9 3

bydrops 2: 91 
neoplasm s 2: 91 

polyps 1: 7
porcelaìn, see Porcelain gallblađder 

Gallbladder cancer 
com puted tomography 1: 488  
course 2: 89  
diagnosis 2: 89 
ep idem iology 2: 88 
elio logy  2: 88
gallslon es in eúology 1: 3 3 2 - 3 3 3  
pathogenesis 2: 8 8 —89  
porcelain  gallbladder association 3: 208  
prognosis 2: 89  
risk íactors 2 : 88 
staging 2: 89  
ircatm eni 2: 89 
ulirasonographỵ 3: 551 

G allsiones 
acute cholangitis

clin ical ĩeatures 1: .330 
diagnosis 1: 330  
etio logy 1: 328  
m anagem ent 1: 331 
pathogencsis 1: 330  

acute cholecystitis
acalcu lous cholccyslitis 1: 329  
đ in ica l features 1: 328  
definition 1: 326  
eú o lo g y  1: ,328 
m anagem ent 1 : 329 
pathogenesis 1: 328  

hacteria role 2: 99 
biliary pain

clin ical (eatures 1: 327  
com plications ]: 329  
d efin ition  1: 326  
differcm ial diagnosis 1: 5 2 7 -3 2 8  
ctìo logy  1: 327  
m anagcm eni 1: 328  
pathogencsis 1: 327  

biliary sludge 2: 94 , 9 9 - 1 0 0  
cancer as com plication 1: 3 3 2 -3 3 3  
children 2: 9 1 - 9 3  
ch olcdocholith iasis and obsiructive  

jaundice  
clin ical Ceamres 1: 329  
deB nition 1: 317  
dìagn osis 1: 3 2 9 - 3 3 0  
ireatm em  l: 330  

cholcsterol supersaturation 2: 9 5 - 9 6  
com puted  tomography 1: 326, 48 7  
cysÚL' fibrosis 1: 538  
deíin ition  1: 176, 317 
diagnosis 1: .326 
cp idem iology 2: 94  
gallbladder in pathogenesis 2: 98  
gallstone pancreaiitis 

clin ita l ícatures 1 : 331  
diagnosis 1: 332

etio logy 1: 331  
m anagem ent 1: 332  
paihogenesis 1: 331  

ileus as com plication  1: 333  
vnagneúc resonance

cholangiopancreatography 1: 326, 
330; 2: 590  

m icrolith iasis 1: 326  
m ixed stones 2: 9 8 —99  
natural hìslory 1: 3 2 6 —327  
nucleation o f cholesterol cr)-stals 2: 94, 

9 6 - 9 8  
percutaneous ưanshepatic

cholangiography 1: 326; 3: 157  
pigm ent stones 2: 9 9 —100  
porcelain gallb ladder 1: 3 3 2 —333  
pregnancy 3: 233  

Gamma camera, đefin iùon  2: 749  
Ganglia, deRnition 1: 126 
Gardner’s syndrom e, ầ e íin iú o n  3: 409  
G asirectom y  

anaiom y 2: 101 
Billroth reconstrucúon  2: 101 
com plications 2: 104  
dcíin ition  2: 101 
indications 

tum ors 2: 102 
ulcers 2: 103 

technique 2: 1 0 3 —104 
Gastric accom odation  

d cíinú ion  2: 132, 145 
palhophysiolơgy 2: 147 
rcdex control 2: 145—147 

Gastric acid secretion , iee also Parietal cell 
analom y 2: 1 0 6 —107  
ATPasc, see Gastrìc proton/potassium  

ATPase
ccllular differentiation w ith in  oxyntic  

gastric glands 2: 108—109  
entlocrine/paracrine cells  

D cells 2: 108  
cnierochrom alTin-líke cells  

2: 1 0 7 -1 0 8  
c  céTls 2 : 108 

history o f  study 2: 105—106  
inhibilors, SCI' H istam ine-2  reccptor  

antagonists; Proton pum p  
inhibitors 

innervation o f  stom ach
C e n tr a l  n e r v o u s  S y s te m  2 : 1 0 9 - 1 1 0  

cntcric nervous svslem  2: 110 
ncurotransm iters 2: 109  

receptor-m ediated rcsponses o f cells  
D cells 2: 115  
enU'rochro[ruiffm-like cells  

2: 1 1 3 - 1 1 4  
G cells 2: 1 1 4 - 1 1 5  
parietal cell 2: 1 1 2 -1 1 3  

regulation
cephaliL phasc 2 : 110—) 11



gastric phase 2: 1 1 1  
horm oncs 2: 110 
intestinal phase 2 : 112 

som aiostaú n  inh íb ition  3: 4 3 0 —431  
Gastric antral vascular ectasia  

clin ical prescntalion  3: 589  
d iagnosis 3: 589  
ep íd em io logy  3: 589  
pathology 3: 589  
treatm cnt 3: 589  

Gastric bỵpass
com p lication s 2: ] 54  
đ eíìn ilion  2: 152; 3: 1 
laparoscopv 2: 494 , 657  
princip lcs 2: 151. 154  

Gastric canccr
atrophic gastriús association  1 : 120 
clinical prcscntalion  3: 4 5 4 —455  
com puted  tom ography 1: 4 8 9 —490  
d iagnosis 3: 455  
ep id em io logy  2: 102; 3: 4 5 4  
etio logy  3: 454  
gastrin rolc 2: 170 
Hclicohactcr pylorí role 2: 275  
hercditary dilĩuse gastrit' canccr 2; ] 7 
reseư io n , sec G astreclom y  
risk íactors 3: 454  
screen in g  3: 455  
sm o k iìíg  risks 3: 420  
slaging 1: 685; 3: 4 5 5 - 4 5 6  
snrgical m anagem em  

irulicalicms 2: 1 5 4 - 1 5 5  
ly u ip h  iiocIl' d issec tio n  2: 155 
prcopcrative cvaluation 2: 1 5 4 —155 
tcchn iques 2: I 55 

survcillance rccom m endalions  
chron ic atrophic gastrìtis vvilh 

in tcsúnal m etaplasia 2: I 17 
famih.al adenoraatous p o lyp osis  

2: 116
gastre.ctomy patients 2: 117  
Helicọbactcr pvlorí in íecú o n  2: 116 
polyps 2: 117 
p rospecls 2: 117 

Ireauncnt 3: 456  
Gaslric dysrhyihm ia  

deíìn ition  1 : 662  
mixecl 1: 663 , 667  
recording, see E lectrogastrography  

Gastrìc em pty ing , see also Gastric m otility  
assays

carbon breath tests 2: 120-121 
drug absorplion k in etics 2 : 121 
electrical irnpedance 2: 121 
m agnctic resonance im aging 2 : 121 
radioìogy 2: 121 
scintìgraphy 2: 120 
ultrasonography 2: 121 

definition  1: 636  
disordcrs, scc Gastroparcsis

duodcnal m otility  fccdback regulation o í  
gaslric em p tv in g  1: 6 4 0 -6 4 1  

extrinsic íaclors 2: ] 1 9 -1 2 0  
hvperthyroidism  éCíects 2: 414  
meal co m p osú ion  and volum e effccts 

fat 2: 119 
liquids 2: 118  
solids 2: 1 1 8 - 1 1 9  

scintigraphy 2: 7 4 9 - 7 5 0  
sm all in testine leedback 2: 119 

Gastric m etaplasia, d eíìn ú ion  1: 645  
Gastric m otility , see alsn Gastric em ptying  

accom odation  2: 132 
assessm ent

aniropyloroduodcnal phasic 
contractions 2: 136—137 

gastric relaxalion  2: 136 
gaslric vvall m otion  2: 135 — 1 36 

đisorders, sce Gastroparesis 
1’asting patlcrns 2: 1 3 2 -1 3 3  
inncrvation o l stom ach

Central ncrvous syslem  2: 13 4 —135 
cnteric nervous sysiern 2: 134 
paccm akcr 2: I 34 

postprandial patterns 2: 1 3 2 -1 3 4  
sm all in icstine regulation  

hm noral m echanism s 2: 1 35 
nutrient effccts 2: 135 

Gastric outlet obstruclion , íẹe also Pyloric 
stenosis  

tlin ica l presentation 2: 139 
definition 2: 138; 3: 58, 278  
diagnostic stralegy 2: 139 
etío logy 2: 138
peptic ulcer com p licaúon  2: 160 -1 6 1  
treatmcnt 2: 13 9 —140 

Gastric polyps
adenom a íeaturcs and m anagem ent 

3: 454
clin ical m anileslations 2: 143 
deRnition 2: 101, 141; 3: 453  
diagnosis 2: 143  
distribution 3: 453  
cp id em io logy  2: 1 4 1 -1 4 3  
inanagem ent 2: 144 
pathology 2: 141 — 143 

Gastric proton/potassium  ATPase 
assem bly and turnover 2: 1 2 5 —126 
defin iúon  2: 125, 165, 395; 3: 140, 259  
gastric acid secretion  2: 125  
inh ibition , sce Proton puinp inhibitors 
ion transport in acid secretion  

2: 1 2 6 -1 2 7 ;  3: 1 4 1 -1 4 2  
structure 2: 1 2 5 - 1 2 7  

Gastric stapling
com plications 2: 1 54 
laparoscopy 2: 4 9 4 , 657  
principles 2: 151, 154 

Gastric tachycardia, deRnition 2: 685  
Gastric u lcer, see Pepúc ulcer

Gastric varices, dcíin ition  3: 58 
Gastric volvulus  

anatom y 3: 627
clin ical m anilestations 2: 164; 3: 627  
detiniúon 2: 163 
diagnosis 2: 164 
etio logy  2: 163; 3: 627  
gaslrostom y 2: 229  
incidence and prevalencc 2: 163 
m esenteroaxial 2: 163 
organoaxial 2: 163 
patliogenesis 2: 163 
prognosis 2: 164 
trcatmcnt 2: 164; 3: 6 2 7 - 6 2 8  

Gastrin
đettnition 1: 322 , 707; 2: 105, 165, 392; 

3: 426
developm ental changes 2: 165 — 166  
duodenal ulccr pathogencsis 1: 648  
G (X‘11 secrction 2: 108, 169 
pancreaúc enzym e sccreũ on  rcgulation  

3: 72 
palhology

gastric canccr 2: 170  
pcptic ulccrs 2 : 1 6 9 - 1 7 0  

Processing 2: 167 -1 6 8  
receptor

cholecystok in in  binding 2: 165 — 166 
signal transduction 2: 166 - 167 

rcgulation o f release 
chem ical control 2: 169 
ncural control 2: 169  
so m a to sta iin  2: 1 6 8 - 1 6 9  

G asirinom a
deíìn ition  2: 172, 676  
diagnosis

im agìng 2: I 75 —1 77 
raultiple cndocrinc neoplasia type I 

2: 175
Zollinger—Ellìson syndrom e 2: 175 

gastrin secreúon rcgulalion 2: 1 7 2 -1 7 3  
gene m utations 2: 174  
h isto logy 2: 174 
m anagcm ent

acid suppression  2: 177 
localized tum ors 2: 177  
m etastasis 2: 1 7 7 —178  
syndrom e sym ptom s 2: 1 78 

m ultiplc enđocrine neoplasia 2: 6 7 7 -6 7 8  
origins 2: 173 
pathology 2: ] 74
secretion  o f other horraoncs 2: 1 7 4 —175 

G astrin-releasing peptide (GRP) 
deRnition 2: 179 
m etabolism  2: 1 8 1 - 1 8 2  
pathology 2: 1 8 3 - 1 8 4  
p hysiological actions 2: 1 8 2 - 1 8 3  
receptor

antagonists 2: 1 8 0 -1 8 1  
ligands 2: 180



G astrin-rcleasing peptide (GRP)
(continued)
signal transduction 2: 181 
structure 2: 1 7 9 -1 8 0  
tissuc distribution 2: 18] 

release 2 : 181 
sequence 2: 1 7 9 —180 
structure 2: 179  
tissue đistribution 2: 181 

Gastritis, see aho Atrophic gastritis;
C hronic active gastritis; Helicobactcr 
pylọịí 

allergic ]: 507  
classilìcation 2: 185 
com puted tom ography 1: 490  
deRnition 1: 736; 2: 116, 185, 187 

G asiritìs, see also Atrophic gastritis:
C hronic active gasiritis; Helicứbaclci 
pyỉori 

diseases 2: 185
eosínop h ilic  gastritis 2: 1 8 5 -1 8 6  
erosive and hem orrhagic gastrilis 

endoscop ic Rndings 1: 7.36 
etiology

alcohol 1: 736  
bile rellux 1: 7 3 6 - 7 3 7  
cancer (herapy 1: 736  
cocaine 1: 737 
ischem ia 1: 737  
m echanical prolapse 1: 737  
m edícations 1: 737 
portal hypcrtcnsion 1: 737  
strcss 1: 737  

gastric cancer surveillancc
recom m endalions 2: 1 1 6 -  117 

Heỉkobacler pylorí role 2: 274  
histology 1: 736
in íectious, see Gastropathy; Helicobacter 

pvlori 
treatmeru 2: 186 

G astrocolic retlex
clĩnical sign iíìcance 2: 195 
detìnition 2: 195; 3: 222  
history o f  study 2: 195 
horm onal m echanism s 2: 196 
neuronal m echanìsm s 2: 1 9 5 - 1 9 6  

G astroduoclenostom y  
deíìn ition  2: 201 
ind icaiions 2: 202 
overvievv 2: 201-202 

Gastroenteritis, SCI’ a lso  Diarrhea;
E osinoph ilic gastroenteriás; Food  
poisoning; Gaslropathy  

deíĩn iúon  2: 145 
ep idem iology 2: 145 
prevenlion 2: 200 
treatment 2 : 200 
viral palhogens

adenoviruses 2: 200 
astroviruscs 2: 200

calcỉviruses
Norovirus 2: 1 9 8 - 1 9 9  
Sapovíms 2: 199 

rocaviruses 2: 198 
G asiroenterostom y, scf also 

G astroduodenosiom y; 
G astrojejunostom v. deR níiion 2: 101 

Gastroesophageal rcílux d isease (GERD), 
see also Barreit’s esophagus  

chest pain 1: 296
đ in ica l m anifesiations 2: 2 0 3 - 2 0 4  
com plications 2: 204 — 205  
deRnition 1: 155, 295, 743; 2: 203, 21 1;

3: 278  
diagnosis 2: 2 0 5 - 2 0 6  
medical therapy

histam ine-2 reccptor aniagonists 
2: 207

liíesiylc m odiíicaiion  2: 207  
pharm acology 3; 173 
prokinetic agents 2: 207  
proion pum p itihibitors 2: 2 0 6 —207  

pathophysiology 2: 203  
pediatric

apnea 2: 216 
asthma 2: 2 1 6 - 2 1 7  
diagnosLic evaluation 2: 2 1 2 - 2 1 3  
cp idem iology 2: 211-2 12  
csophagitis 2 : 216  
feeding and sw allow ing d illicu llies  

2: 2 1 5 - 2 1 6  
heartburn 2: 215 
hoarsncss and croup 2: 217  
iníants

excessive irratibility 2: 21Í5 
uncom plicated rcílux 2: 215  
w eight gain 2: 215  

pathophysiology 2: 212 
recurrent pneum onia 2: 217  
treatmcnt

conservative iherapy 2: 2 1 3 —214  
pharm acologic therapy 2: 214  
surgcry 2: 214  

pregnancv 3: 233  
sm oking risks 3: 418  
surgery

B elsey—Mark IV partial 
fundoplication 1: 749  

C ollis gastroplasty 1: 7 4 9 -  750  
com parison w ith m edical therapv 

2: 2 0 8 - 2 0 9  
N ìssen (uncloplicaùon 1: 749; 2: 208  
se lection  o f procedure 1: 7 4 8 —749  
technical com plications 1: 750; 2: 209  

ulceration 1: 761 
G asirointcsúnal matrix 

bascm cm  membrane 
collagen 2: 220 
íihroncctin 2 : 220—221 
lam iníns 2: 2 1 9 - 2 2 0

nidogcn 2: 220 
proteoglycans 2: 220 
SPARC 2: 221 
tenascìn 2: 220—221 
ultrasưucture 2: 219  

dcrivation 2: 221-222 
lamina propria 2 : 221 
reslitution and m ucosal healing  

regulation 2: 222 
signalíng 2: 222 

G astrointesánal sphincter, defin ition  1: 2 
G astrointestinal stromal eell tum ors 

d eíìn ú ion  3: 468  
ỉeatures 3: 4 7 1 -  472  

G astrojejunostom y  
deSnition  2: 101 , 201 
inclications 2: 202 
overvievv 2 : 201-202 

G astroparesis, sec aiso D iabetic 
gastroparesis 

acuie gastroparesis 2: 122 
causes 2: 1 2 1 - 1 2 2 ,  137 
chron ica lly  delayed gastric em p ty in g  

2: 121-122 
d elin iúon  1: 560, 561, 662; 2: 75, 118 
el e c  t r o g a s t  r o g r a p  h y  

diabetic 1 : 668 
idiopathic 1: 669  
ischem ic 1: 669  
obstructive 1 : 669  

hisiory and physical exam ination  
2: 1 2 2 -1 2 3  

running spcctral analysis 1 : 662  
trealment

prokinetic agents 2: 123 — 124 
prospects 2: 124  
surgery 2: 1 2 3 - 1 2 4  

Gastropathy, sec also Helicobcicter pyìori 
bacterial pathogcns 2: 1 1 6 —117, 

6 8 3 - 6 8 4  
definition  1: 736; 2: 116, 149, 645  
erosive and hcm orrbagic gastritis, see 

Gastritis 
fungal in fection  2: 1 1 7 —129  
parasites 2: 130  
viral in íection 2: 116 

Gastrosromy, see also Percutancous 
endoscop ic gasLrostomy;
Percutaneous endoscop ic jcjunoscopy  

deiinition 2: 101 , 228  
indicatìons 2: 2 2 8 —229  
technique 2: 228  
tube 2: 228  

Gastrulatìon, sec D evelopm ent, 
gaslrointesiinal tract 

G cells
gaslric acid secretion  regulation  

2: 1 1 4 - 1 1 5  
gastrin secrction 2: 108 
histologv 2: 108



G em itabine, d eíìn ú io n  3: 41 
G ene im printing, đ e íin iđ o n  3: 227  
G enc m ethvlation, d eíìn itio n  3: 227  
G enetic counseling

đecision-m aking bv patient 2: 231  
elem ents 2: 231 
hereditary cancer svn d rom es  

recognition  2: 230  
types 2: 230 

testing 
deíìn itioĩi 2: 229  
íamily m em bers 2: 232  
lim itations 2: 231  

G enetic polym orphism , d efin ition  1: 81 
G enom ic instabilíty  

carcinogenesis 1 : 262  
cỉelìnition 1: 256  

Geophagia, d efìn ition  3: 178  
GERD, stTí? G astíoesoph agea l reílux disease 
GH, scc Growth h orm one  
Ghrelin, satiéty sign alin g  3: 3 3 0  
Giam m igrating complexes, duodenaỉ 

m otility 1: 639  
Ciiant m igrating con iraction  (GM C) 

colon 1: 4 2 6  
definition 1: 425  

Giardiasis
ep idem iology 2: 233 , 6 0 2 —603  
parasiie b io logy  2: 233  
pathogenic sp cc ies and life cycle  3: 127 
■sexuạl transmỉssion and managemeni 3: 352 
treaimcnt 1: 2 3 3 - 2 3 4 ,  603  

Ciibhs-Donnnn ('CỊiiilibrium, dcfinition  
1: 170

Gigabvie, đ e íìn iậ o n  3: 180  
G ilberts syndrom c  

definition 1: 219  
íeatures 1 : 221 

GIP, see G lu c o s e -d e p e n d e n t  in su l in o t ro p ic  
polypepiide  

Gliaclin, antibodies in celiac disease 1: 281, 
681 

Glial cell
developm ent and d iííerentia tion  in  gut 

2: 235  
electrophỵsio logy 2: 235  
inílám m atory resp onse 2: 236  
m orphology 2: 234  
neuroglial in teractions 2: 235  
proliíeration 2: 235  

G lisson s capsule, d e íin itio n  2: 507  
Giobus, deíìn ỉtion  3: 264  
G lom erulonephritis, defin ition  2: 351  
Glottis. deíĩn ìtion  2: 3 8 6  
GLP-1, see G lucagon-like peptides  
GLP-2, see G lucagon-like peptides  
Glucagon, see aỉso E nteroglucagon  

deíinition 1: 675
pancrcatic enzyrae secretion  regulation  

3: 72

G lucagon-like pepiỉdes  
GLP-1 acLions

appetiie 1: 7 1 3 —714  
beta cell 1 : 712
gãscrointestinal actions 1: 7 1 2 —713  
pancreatic enzym e secretion  

regulation 3: 7 2 —73 
GLP-2 ạctions 1: 714; 2: 254  
m ẹtabol ism  1 : 7 1 1 —712  
P rocessing 1: 710  
secretion  1: 711; 2: 241 
therapeuũc applications 1: 714  

G lucon eogen esis, defm ition 2: 368  
G lucose

beta ce ll e ííects 1 : 680  
tight ju n c lio n  perm eabiliiy regulation  

1: 721
iransport regulation 1: 277; 2: 7 5 5 —756  

G lucose-dependent insu linoiropic  
pơlypeptide (GIP) 

biological ĩunctions  
adipose tissue 2: 241 
brain 2: 241
enterogastrone ạciivity 2: 240  
g lu cagon-like peptide regulation  

2: 241
incretin  activity 2: 2 4 0 -2 4 1  

d evelopm ental changes 2: 239  
expression  regulation 2: 2 4 1 —242  
m etabolism  2: 239  
pathology 2: 2 4 2 - 2 4 3  
reeeptor 

siructure 2: 239  
tissue distribution 2; 239 — 240  

structure 2: 2 3 7 —2.39 
tissue d istribution 2: 237  

y-G lutam yl trạnspeptidase, d eíìn itìon  1 :1 7 6  
G lutath ìone, defin ition  1: 176 
G-luten, definition  1: 278, 283  
G lycogẹn  

d eíin iũ on  2: 244  
g lycogen o lysis 2: 244  
m etabolỉsm  2: 244  

G lycogen  storage discascs 
d ẹíìn ỉtion  2: 244  
type 0

clín ical íeatures 2: 245  
d iagnosis 2: 245 
enz-yme deíiciencies 2: 245  
ep idem io logy  2: 245  
treatm ent 2: 245  

tvpe I
clinica! íeatures 2: 2 4 5 - 2 4 6  
diagnosis 2: 246  
en zym e deíỉciencies 2: 245  
ep idem io logy  2: 246  
treatm ent 2: 246  

type III
clin ical ĩeatures 2; 247  
diagnosis 2: 247

enzym e d eíìcien cies 2: 2 4 6 “ 247  
epidem io logv  2: 247  
treatment 2: 247  

type IV 
clin icai features 2: 247  
diagnosis 2: 248  
enzym e deficiencies 2: 247  
epidem io logy  2; 247  
treaim ent 2: 248  

types V and VI
clin ical ĩeaiures 2: 248  
diagnosis 2: 248  
enzym e d eíicien cies 2: 2 4 6 —248  
epidem io logy  2: 248  
treatment 2: 248  

G lycolysis, defìnition  2: 368  
GM C, see Giam  m igrating c-ontraction 
G oblet cell 

BarretƯs esophagus d iagn osis I : ì 56  
d efin iiion  1: 155, 725 , 769  
ĩunction  1: 773  

Golgi com plex , d eíìn ition  2: 501 
G onorrhea, sexual transm ission and  

m anagem ent 3: 353  
GorlhỲs syndrom e, íeatures 2: 14  
GPCR, see G -protein-coupled  receptor  
G protein , deBnition 1: 136; 3: 68, 3 3 5  
G -protein-coupleđ  receptor (GPCR) 

acinar cell signãl transduction 
3: 320-321 

cieíinition 1: 322; 3: 335  
gustaiory receptors 3: 4 8 8 —491 
olíactory receplors and signal 

transduction 3: 4 9 1 —492  
secretin  receptor 3: 3 3 5 —337  
som atostatin  receptors 3: 4 2 8 —4 3 0  

Graít-versus h ost d isease (G V H D ), T 
heiper cell in testinal response  
3: 4 9 7 - 4 9 8  

Granular cell tum or  
defìn ỉtion  3; 4 6 8  
íeaiures 3: 471  

Granulom á, see also H epatic granulom a  
đ eíin ition  1: 509 , 653  

Gra phi cai user in teríace, d eíĩn ition  3: 180  
Graves’ disease, see H yperthyroidism  
G row th ĩactors, see aho specific Ịactors 

basic íibroblast grow th íactor 2: 253  
clin ical applicaùons

chem otherapy-induced  m ucositis  
2: 255

ỉnílam m atory bow el d isease 2: 255  
liver disease 2: 256  
m ukiple-organ íailure 2: 256  
n ecrotízing en teroco litis 2: 255  
overvievv 2: 254  
short bow el syndrom e 2: 255  

defin ition  3: 508
epiderm al grow th íactor 2: 2 5 0 —251 
healing m echanism s 2: 250



Growth íactors, see also specific /aclors 
(continued) 

hepatocyte grovvth íactor 2: 252 
horm ones 2: 254  
in su lin -lik e growth íactors 2: 252  
keratinocyte growth factor 2: 253  
lum enal surveillance pepddes 2: 249  
m ucosal integrity

overvievv 2: 2 4 9 —250  
pcptides 2: 249 — 250  

platelet-derived grow th factor 2: 252 
rapid response peptides 2: 249  
redundancy of tim ction 2: 249, 254  
transíorm ing growth factor-a 2: 251 
transform ing growth factor-|3 2: 252  
trcíoil pcptidcs 2: 253 

Grovvth factors, see atso specific Ịactors 
vascular endothclial growth íaclor 2: 252 

G row lh horm onc (GH) 
acrom egaly 2: 259  
b inding proteins 2: 257  
biological actions 2: 2 5 8 - 2 5 9  
clin ical app licaúons 2: 2 6 0 -2 6 1  
deíiciency  

adulls 2: 259 
children 2: 259  
replacem enl therapy 2: 260  
testing 2: 2 5 9 - 2 6 0  

in su lin -lik e growth íactor interacúons 
2: 2 5 7 - 2 5 8  

reeeptor signaling 2: 257  
side effecis 2: 261 
synthesis 2: 257  

GRP, see G astrin-releasing peptide 
G uanylin

antitum or activity 2: 2 6 3 —264  
b iologícal activity 2: 2 6 2 —263  
d eíìn ition  2 : 262  
m echanism  o f action 2: 263  
sall hom costasis regulation 2: 263  
slructure 2: 262 

G uide-w ire, deíìn ilion  3: 566  
G ustation, see Taste 
Gut tube. formation 1: 5 5 0 -5 5 1  
GVHD, íee Graít-versus host disease 
G ynccom astia, definition 2: 395

H
HAẤRT, see H ighly-active antiretroviral 

therapy 
H alitosis

classification 2: 265 — 266  
dt'finúion 3: 649  
differential diagnosis 2: 266 
extraoral pathologic halitosis 

2: 2 6 5 - 2 6 6  
organolcptic m easurcm cnt and score 

2: 2 6 5 - 2 6 6  
treatm eni 2: 266
volatilc su líidc com pounds 2: 265

H am artom atous polyp  
deRnition 2: 6
hereditary diseases 2: 11 — 15,

2 6 7 - 2 6 9  
Hamman sign, deíin iúon  1: 222  
Haptocorrin

definition 2: 455; 3: 619  
vitamin B12 interactions 3: 620  

Hardware, dcfinition 3: 180  
Haustra

anatom y and physiology 2: 2 7 0 —271 
dcíĩn ition 2: 270  
markers of disease states 2: 271 

HCC, sec H cpatocellular carcinom a  
HDL. sec H igh-density lipoprolein  
Heartburn, detìnition 3: 16 
Helicobacter pvlorí, see íiỉso Gatric cancer: 

Gastropathy; Peptic ulcer 
Barretts esophagus role 1: 155  
B-cell gastric lym phom a role 2: 275  
clinical ĩcatures o f gastritis 2: 188  
deíinition 1: 119, 155, 172, 6 4 5 , 653;

2: 157, 165, 187, 395  
diagnostics

antibody testing 2: 277  
culture 2: 276  
histology 2: 276  
rapid urease tesls 2: 2 7 6 —277  
stool antigens 2: 276  
urea breath test 2: 276  

duodenal ulcer 
diagnostic tesls

antibodỵ and antigen lests 1: 650  
bistology and culture 1: 649  
serology 1: 6 4 9 —650  
urea breath test 1: 649  
urease b iopsy 1: 649  

eradication in  treaim em  1: 6 5 0 —653  
pathogcnesis 1: 6 4 6 —647  

ep idem iology o f in fection  2: 188, 273  
eradication

antibiotic regim ens 2: 277  — 278  
conRrmation 2: 278  

luncúonal dyspepsia m anagem ent 
2: 78  

gastric cancer 
role 2: 275
surveillance recom m endations 2: 116  

gastric effects 2: 274  
gastrin interactions 2: 1 6 9 —170  
gastritis role 2: 274  
history o f study 2: 187 
im m une response 2: 273  
inicrobinlogv 2: 1 8 7 - 1 8 8 ,  272  
pediatric ỉn lection  

diagnosis 2: 1 9 1 -1 9 2  
eradication 2: 1 9 2 - 1 9 3  
gastrìús 2: 1 8 8 -1 8 9  
im m une response 2: 1 8 9 —191 
pathogenesis 2: 189

ulceration 2: 1 8 8 - 1 8 9  
vaccínatìon 2: 193 

peptic u lcer role 2: 275  
prevention prospects 2: 278  
transm ission 2: 274  
viru lence íactors 

CagA 2: 2 7 2 - 2 7 3  
outer inflam m atory protein A 

2: 2 7 2 - 2 7 3  
urease 2: 272  

HELLP syndrom e
clinical ieatures 2: 536  
detìniùon 2: 533  
diagnosúc criteria 2: 536  

H elm inth
cestode. see also C estodes  

deíin ilion  2: 279  
liỉé cycle 2: 280  
pathology 2: 283  
species 2: 281 

deíìn ition  2: 279  
interm ediate hosts 2: 279 
nem atode

deíìn ition  2: 279  
life cyclc 2: 279, 280  
m orphology 2: 279  
pathology 2: 280  
species 2: 28 1 

scxual transm ission and m anagem ent 
3: 353  

trem atode
dcfinition 2: 279  
m orphology 2: 280  
pathology 2: 2 8 0 —283  
species 2: 281 

H em aggutinin , defin ilion  3: 307  
H em angiom a, see also Cavernous 

hcm angiom a  
clin ìcal p resen laúon  3: 591 
d eíin iúon  3: 587 , 593  
pathology 3: 5 9 0 - 5 9 1  
pediatric

clinical m aniíestaúons 3: 594  
ep idein io logy  3: 5 9 4 - 5 9 5  
ìm agíng 3: 594  
pathogenesis 3: 5 9 4 —595  
trcatment 3: 5 9 4 - 3 9 5  

scintigraphy 2: 751  
ireatm ent 3: 591  
ultrasonography 3: 548  

H em atem esis, deRnition 2: 555, 604; 3: 5, 
557

H em atochezia, SỂÌ cilso Lower 
gastroím cslìnal b leeding  

definition 2: 555, 604; 3: 5, 194, 557  
H em atochroraalosis, deGnition 2: 754  
H einatocrit. deíin ition  2: 555  
H cm atogenous spread, dcíinition  

2: 5 1 j
H em atopoiesis, d cíin ú ion  3: 447



H cm alopoietic  stcm cell transplaniation  
com p lica lion s, sec Sinusoida) 

obstruction  svndrom c  
detinition  3: 381 

H em e, d eíin ition  2: 712  
H em obiliạ

clinical prescntalion 2 : 286  
d eíìn ition  1: 204, 305; 2: 285  
elio logy  2: 2 8 5 —286  
h islory o f study 2: 285  
in vestigaùon  2: 287 
p alh ogcn csis 2: 2 8 6 —287  
prognosis 2: 288  
treatm enl 2: 287  

H em ochrom atosis, scc aìso Hereditary 
hem ochrom atosis; N eonalal 
h e m oc h ro ma tosis 

d eíin iiion  2: 540 
H cm ochrom osis, definition  1: 25 
H em olysis, íle íin iú o n  2: 712  
H em olytic  urcm ic svndrom e (HUS) 

d ẹgn ition  1: 585; 2: 5 1 
m anagem cnt 2: 56 

H em orrhaẹe, see nLso Esophageal varices; 
Homobilia; Lower gastroim estinal 
bleeding; O ccult gastrointestínal 
b lc e đ in g  Trauma; U ppcr  
gasirointeslinal b leeđing; Varices 

d etin iú on  2: 289, 477  
etio logy

low er giisirointcstinal b leed ing 2: 291 
iion-gasirointestinal sítes 2: 291 
tnm m a 2 ỊQO
upper gastrointcstinal b leedíng  

2: 2 9 0 -2 9 1  
p hvsio logy

b lood  pressure 2: 289  
response to b leed ing 2: 289  

sign s rclaled to cxtent o f b lood  loss 
2: 2 8 9 - 2 9 0  

treatm cm  2: 290  
H em orrhoids

b lced ing and m anagem ent 2: 560
clin ical prcsentation 2: 2 9 2 - 2 9 3
đ elĩn ition  2: 292; 3: 371
d iagn osis 2: 293
cx lc rna l  2: 292
in c id en ce  2: 292
intcrna] 2: 292
pregnancy 3: 233
t rea lm t-m

com plications 2: 294  
nonoperative m anagem ent 2: 293  
overvicvv 2: 292 
surgcry 2: 2 9 3 - 2 9 4  

Hernostasis, d d in u io n  2: 604; 3: 566  
H enocli — Schònlein purpura  

clinical leatures 2: 295 — 296  
d iagn osis 1: 296 
ep id cm io logv  2: 295

etio logy 2: 295  
pathogenesis 2: 295  

Heparin w indo\v , dcfinition  1: 449  
Uepatic acinus, definition  2: 507  
Hepatic adenom a

ciinical presentaũon  2: 297  
diagnosis 2: 298  
ep id em io logy  2: 297  
etio logy 2: 297  
histopathology  2: 2 9 7 - 2 9 8  
m anagem ent 2: 298  
pathogencsis 2: 297  
prognosis 2: 298  

H cpatic arterv 
b lood  flow regulation 2: 3 0 2 -3 0 .3  
chem oem bolization  2: 345  

H epaúc circu lation, sce Liver; Portal
hvptrtensĩon; Sinusoidal obstruction  
svndrom e  

H epaút encephalopathy  
classiỄÈcation 2: 304  
clinỉcal presentation

acute encephalopathy 2: 305  
persistcm  encephalopathv 2: 306  

deíin ition  2: 70, 304, 340 , 549; 3: 220  
diagnosis

im aging 2: 307
neurophysio logical lesling 2: 307 
neuropsychological lesting 2: 306 

íeatures 2: 72  
grading 2: 306  
m angẹm ent 

am m oniạ elim ination  2: 307  
gcneral m easures 2: 73, .307 
neurotransm ission  correction 2: 308  
nitrogenous load reduction 2: 308  
sp lanchic circu lation  m anipulation  

2: 308  
pathogenesis

neuropathology 2: 305  
ncurotransm ission  alterations 2: .305 
toxins 2: 305  

staging criteria in ch ildren  2: 540  
Hepatic librosis 

causes 2: 34
diagnosis and assessm cnt 2: 36  
extracellu lar m atrix com p osiú on  in 

normal liver and hepatic scar 
2: .3 4 -3 5  

progression and reversibility 2: 36  
prospects for study 2: 38  
treatm ent 2: 38  

Hepatic granulom a  
caseatìng 2: 309  
causes 2: 3 0 9 —310  
d iagnosis 2: 310  
(ìbrin-ring granulom a 2: 309  
lipogranulom a 2: 309  
noncaseating 2: 309  

Hcpatic hydrothorax, definition  1: 114

H epaúc slellate te ll
activation in hepaũc íibrosis 2: 35  
circulalion regulation 2: 299 — 300  
definition 2: 507  
íeatures 2: 511 

H epaũc venooclusive disease, seé
Sinusoidal obstruction syndrom e  

Hepatic venous pressure gradient, 
deíìn ition  3: 576  

H epaticoenterostom y, dcfinitìon 1: 305  
H epaticojejunostom y, deRnition 1: 204  
H epatitis A 

clinical m aniíestations 2: 313  
diagnosis 2: 312 — 313 
epidem iology 2: 312  
m anagem ent 2: 314  
prevenlion 2: 314  
recurrence fo llow ing liver 

transplantation 2: 553  
scxual transm ission and managernent 

3: 355  
transm ission 2: 312  
virology 2: 31 1 

Hepatitis B
acute infection 2: 317  
Be antigcn 2: 317  
chem otherapy

adeíor d ip ivoxil 2: 321  
com binalion  chem otherapy  

2: 321 
in ierferon-a 2: 321 
lam ivudine 2: 321 
lim itations 2: 321 

chronic in íection  2: 317  
classífication 2: 316  
corc antigen 2: 317  
deíin ition  2: 340  
diagnosis 2: 316  
epidem iology 2: 316  
history o f virus discovery 2: 315  
natural history 2: 3 1 7 —318  
nosocom ial in feclion  2: 742  
pathogenesis 2: 316  
recurrence follow ìng liver 

transplantation 2: 553  
sexual transm ission and m anagem ent 

3: 355  
surface antigen 2: 317  
transm ission 2: 316  
vaccination

naúonal programs 2: 320  
prospects 2: 320  
safety 2: 320  
vaccines 2: 320  

virus
evolu tion  2: 318  
gcnom e 2: 318  
genotypes 2: 319  
quasispecies 2: 318  
replication 2: 318



H epatitis B (amtinucd) 
ultrastructure 2: 318  

YMDD m ulation and resislance 1: 16, 18 
H epatitis c

acquired im m unodeíiciency svndrom e  
1 : 16, 18 

acute infection
course and sero logy  2: 3 2 4 —325  
d eíìn ition  2: 323  
d iagnosis 2: 325  
[ulm inant presentation 2: 326  
histology 2: 325  
treatment 2: 3 2 5 —326  

antiviral ihc-rapy 2: 3 2 4 , 330  
chronic disease

alanine am inolranslerase levels 2: 326  
Hepatúis c

dem ographic laclors 2: 3 2 6 - 3 2 7  
diagnosis 2: 3 2 9 - 3 3 0  
h ost ĩactors in (ibrosis progression  

rate 2: 329  
im m une response and evasion  

2: 3 2 7 - 3 2 8  
liver damage 2: 3 2 8 —329  
spectrum  2: 328  

deíĩn ition  2: 3 4 0  
ep idem iology 2: 323  
liver transplaniaiion 2: 330  
natural history 2: 3 2 4  
nosocom ial in íection  2: 742  
prospects for study 2: 3 3 2 - 3 3 3  
sexual transm ission and m anagem ent 

3: 356
transm ission 2: 3 2 3 —324  
virology

genom e and proteins 2: 3 3 0 —332  
genotypes 2: 323  

Hepatitis D 
clin ical íeatures 2: 336  
díagnosis 2: 336  
ep idem iologv 2: 3 3 4 —336  
natural history 2: 335  
prcvenúon 2: 337  
transm ission 2: 336  
treattnent 2: 337  
vírology 2: .335 

H epatitis n
clin ical íealures 2: 3 3 8 —339  
ep idem iologv 2: 338  
prevention 2: 339  
prognosis 2: 339  
transm ission 2: 338  
treatment 2: 339  

H epatitis, au toim m une, sce A utoim m une  
hepatilis  

H epatocelluìar carcinom a (H CC) 
cirrhosis association  1: 27 
deB niúon 1: 25; 2: 340  
diagnosís  

ciin ical ícatures 2: 342

im aging 2: 343
laboratorv ĩeatures 2: 3 4 2 —343  
liver b iopsy 2: 343 

ep idem iology 2; 3 4 0 —341 
íìbrolam elkr 2: 340
tnagnetic resonance im aging 2: 5 8 9 —590  
prevention 2: 345  
risk ĩaciors 2: 3 4 1 - 3 4 2  
screen ìng  and surveillance 2: 3 4 3 —344  
stnoking risks 3: 420  
staging 2: 344  
treatm em  

ablation therapy 2: 345  
cryosurgery 2: 345  
hepatic artcr)' chem oem bolization  

2: 345
liver transplantation 2: 345  
pẹrcutaneọus eihanol in ịection 2: 345  
surgery 2: 344  

H epatocyte  
deR nition 1: 25 , 210: 2: 340, 346, 507  
ícatures 2: 5 1 0 -5 1 1  
iso lation  and culiure 2: 347  
on togcny 2: 347
transplantaúon thcrapy 2: 3 4 9 —350  

H epatocyle grow ih facuir (HGF), 
íunctions 2: 252  

Hepatojugular retlux, definilion 1: 114 
H epatolithiasis, see Oriental 

cholangiohepatitis  
H epatom egaiy, dcíìn iáon  1: 20  
Hepatorenal syndrom e (HRS) 

clin ical presentaiion 2: 
dehnition  1: 114; 2: 351 , 549  
diagnosis 2: 352
diffcrential d íagnosis 2: 3 5 2 —353  
cp idcm iology 2: 351  
íeatures and m anagem ent 1: 116—117 
pathophysio logy 2: 3 5 1 - 3 5 2  
prevention 2: 353  
treatment 2: 353  
types 2: 351 

H epaiotoxicitv  
delìn ition  2: 354  
drug-induced h cp io iox ic ily  

acute cholestaúc liver injury 
m ixcd-pattcrn acule livcr injury 

2: 361
purc cholestasis, acute cholestatic  

hepatitis 2: 360  
acute hepatoccllular hepatiús 2: 35^ 
diagnosis

causalitv assessm ent 2: 363  
chronological crúeria 2: 361 
clin ical crileria 2: 362  

ep id em io logy  2: 3 5 5 - 3 5 6  
lesion s 2: 355 
liver injury 2: 360  
m echanism s 2: 356  
m odulaling ĩactors

genetic factors 2: 3 5 8 —359  
phvsiological ĩaclors 2: 3 5 7 —358  

prevention 2: 364  
ireatm enl 2: 364  

hepatotoxins
direct injury m echanism s 2: 366  
Kupffer ce lls and cytok ines in liver 

irỹury 2: 3 6 6 —367  
liver injury forms 2: 365  
treatm enl 2: 367  
types 2: 365  

Hepcidin, d eíin ition  2: 372  
Hephaestin, deíĩn ition  2: 372  
Hercditarv íru close in lolerance (HF1) 

diagnosis 2: 370  
gene m utations 2: 3 6 8 —369  
laboratory abnorm alities 2: 370  
outcom es 2: 371  
pathogenesis 2: 370  
signs and sym ptom s 2: 3 6 9 —370  
trcatmcnt 2: 3 7 0 - 3 7 1  

Hercditary hem ochrom atosis (HH) 
clinical íeatures 2: 18, 3 7 2 - 3 7 3  
deíinúion  2: 3 7 2 , 4ò3, 707  
diagnosis

hepatic iron 2: 373 — 374  
liver b iop sy  2: 377 
serum  iron 2: 375  

geneiics 2: 18
HF£ gene m utations 2: 372, 375  
pathophysiology 2: 18, 3 7 5 - 3 7 6  
prognosis 2: 377  
scrcening 2: “578 
treatment 

dict 2: 377  
iron chelation  2: 377  
livcr trạnsplantation 2: 377  
overvievv 2: 18 
phlebotom v 2: 3 7 6 - 3 7 7  

Hereditary hem orrhagic telangiectasia  
(HHT)

clin ical prescntation 3: 5 8 9 —590  
dcíin ition  3: 593
pathology 3: 589  
treatment 3: 590  

Hereditary non-polyposis coioreclal cancer 
(H NPCC) 

cancer risks at olher sites 2: 583  
clinical ícatures 1 461— (62; 2: 9, 579—580 
colorectal cancer screening 2: 10—11. Ĩ83  
deRnition 1: 470  
diagnostic criteria 2: 9 - 1 0 ,  579  
genc m utations 2: 10. 5 8 0 - 5 8 2  
genetic testing 2 : 10—1 1 
heredity 2: 10 
m anagement 2: 582 — 583  
variants 2: 10 

Hercditarv pancreatitis, sec Pancreaúús, 
hereditary

Herediiary tyrosinem ia, scc Tvrosinem ia



Hernias, sce a h p  DiaphragmaÚL hcrnia; 
Hiatnl hc rn ia  

an a to m v  2: 379
asso t ia ted  s v n d rn m e s  2: 3 7 9 - 3 8 2  

Hernias,  st’f  tí/so D iaphragn ia t ic  hernia;  
Hiatal h e rn ia  (ạ>n(im.ic’íi) 

classiíicalion 2: ỊHN 
in c id e n tc  2: 37L> 
surgical repa ir  2: 3 7 9 —381 

H erpcs  s im p lex  v irus  (HSV) 
colonic uIccts ]: 4 4 1 —442 
esophạgeal  ulcers i :  761 
sexual i ransm iss ion  a n d  m an a g e m c m  

3: 354
sio m ac h  in íecũ o n  2: 1.30 

H cterolopic pancreas. leatures 3: 37 
Heterozygote ,  de f in i l ion  2: 83 
HF1, S í t  H ered i ta rv  ĩ ruc tose  ỉn to lc rance  
HGĨ', SCI'  l lcpatocyle grow lh  factor 
HH, sce Heredilary hcm ochrom atosis 
H H T ,  SC I' H c r e d i i a r y  h e m o r r h a g i c  

tc langiectasia  
IIHV-8, scc Human herpesvirus-8 
l l ia tal  hc rn ia

dc l in i t ion  1: S65; 3: 4 58  
cliagnosis 2: Ỉ84 
pail iophysio logy  

type I hern ia  2: 3 8 2 - 3 8 3  
Ivpe II hernia  2: 38.3 — 384 
tvpe 111 hcrnia 2: 384  
tvpc IV hcrnia  2: 384 

t rea tm cn i  
ciulíisciip ir iherapv 2: Ì8 5  
medical  the rapy  2: 3 8 ?  
ovcrview  1: 567  
su rgery

Rc-lsey Mark IV 2: 38 5  
H ill rcpair 2: 386  
N issen  fundoplica lion  2: 3 8 5 - 3 8 6  

H íccups
a na to tny  2: 386 
e t io logy 2: 387 
t r c a tm c n t  2: 387 

H igh -am p l i tu d g  p ro p a g a l in g  c on lrac t ion ,  
d e í ĩn iú o n  2: 467  

H igh-dcnsi tv  l ípop ro te in  (HDL), se? also  

Lipopro te ins  
dc l ĩn i l ion  1: 99 

H igh-reso lu t ion  an oscopy ,  deR nit ĩon  3: 351 
Highly-activc an t i re t rov ira l  the rapy  

(HAART),  deR n it ion  2: 79 
Hill repair ,  hiatal h e rn ia  2: 386 
H irch sp ru n g 's  d isease 

animal m odels  2: 389  
clinicaỊ ígatures 2: 3 8 8 —389, 641 
colon d c v c lo p m c n t  2: 4Q6—497 
dcíìn i t ion  2: 495,  621 ,  641 
d iagnos is  2: 641 — 642 
cp ĩdcm io logv  2: 641 
hcred i ta rv  íaciors 2: 3 8 9 —390

pathophvs io logy  2: 390 
t r ea t in em  2: 642 

Histaniine 
d c t in iú o n  1: 707: 2 : 6 2 7 , 635 
cn lc roch rom a rf in - l ike  cell secre tion 

1: 707
em crochromalí ìn-l ike ceĩl synthesis 2: 393 
h is tam inc-2  recep to r

an tagonis ts ,  scẹ  H is tam ine-2  reccptor  
an lagonis ts  

signal t ran sd u c t io n  2: 393 
s t ru c tu rc  2: 39.3 

h is to ry  of s tudy  2 : 392 
mast  cell m cd ia t íon  2 : 6 3 0 - 6 3 1  
reccp to r  sub tỵpes  2 : 631 

H is lam inc-2  recep to r  antagonis ls  
adverse  effects

ccntral nervous syslem  2: 399 
en d otrine 2: 399  
hem aiologic 2: 399  
p regnancv  and lactation 2: 399 
rcnal 2: Í 9 9  

cancer adjuvant treatm enl 2: 399  
cl inical proKle 2: 394 
delin ition  I 653; 2: 211, 392; 3: 16, 466  
developm ent 2: .392—393, 395  
duodcnal ulcer m anageinent 1 : 650  
elììcacy 2: 397
( im cúona l  dyspcpsia  m a n a g e m e n t  2: 77 
gas troesophagca l  reí lux  d isease 

m a n a g c m e n t  2: 207, 398 
in tc rac l ions

a b s o rp ú o n  2: Ì 9 C) 
alcohol dehvdrogenasc 2: 400  
cytochrom e P450 2: 400  
clim ination  2: 400  

m echan ism  of action 2: 394, 396  
o v e r - lh e -co u n tc r  d rugs  3: 18 
p h a rm a c o k in e t ic s  2: 397 
pharm acology 3: 18, 23, 172 
stress ulccr prevention 3: 467  
stress-re la ted  gastric h e m o r rh ag e  

prophylaxis 2: 398  
struclure 2: 394  
ulcer m anagem ent 2: 398  

HLA, St-C’ Hurnan leukocyte antigcn  
H N P C C , see H ered i ta ry  n o npo lypos is  

colorectal cancer 
H olistic, definition  1: 476  
H om eobox, dcíĩn ition  2: 530; 3: 30  
H om eobox gene, definition  3: 413  
H om eostasis, deíìn ition  1: 725; 3: 462  
H om ocysteine, deRnition 1: 363  
H ookw orm , clinical ĩeatures and 

m anageraent 2: 693  
H orm one, deíìn ition  2: 659; 3: 335  
Hospita l  in ío m a t io n  sys tcm, defin ition  

3: 180
HPP, se<’ Hyperp las t ìc  polyposis  
HPV, src H u m a n  pap i l lom avirus

HRS, SCI' H cp a lo rcn a l  sy n d ro m e  
HSV, sc e  H crpes  s im p le x  v irus  
H u m a n  h e rp csv i ru s-8  (H H V -8) ,  sce a h o  

Kaposi 's  sa rcoraa  
sexual  t r an sm iss io n  and  m a n a g e m e n t  

3: 355
H u m a n  im m u n o d c í ìc ic n c y  v irus,  M e  Ac- 

q u i r c d  im m u n o d c B c ie n c v  sy n d ro m e  
H u m a n  leukocy te  a n t ig en  (HLA) 

d e í ìn i t io n  3: 510  
m a tc h in g  2: 549
t ransp lan ta t ion  im inuno logy  3: 511 — 512 

H u m a n  p a p i l lo m av iru s  (HPV) 
anal cancer ctio logy  1: 7 6 —77 
sexual  t r an sm iss io n  an d  m a n a g e m e n t  

3: 355
HUS, sec H em oly t ic  u r e m ic  sy t id rom e 
H vdat id ,  deR a i t io n  1: 289 
H y d a ú d  cyst , d e t ìn í t ion  2: 513,  522  
H y d ro co s in o g rap h y ,  d c í ìn i t io n  3: 543 
H y d ro p n e u m o th o ra x ,  de f in i t ion  1: 222 
H v m c n o tc p is  mma, SCI' Cestodes 
H yp eram y lase m ia ,  d e S n i t io n  1: 235 
H y p crh i l i ru b in em ia ,  SCL' a h o  Jaun tlice ;  

K ern ic te rus  
d cB n it io n  1: 20; 2: 712 

H y p crca lcem ia ,  m etabo l ic  p ancrca t i l is  in 
c h i ld rc n  3: 119 

H v p e rc th o ic .  ( lc íin ition 3: 207 
H y p e r e m e s i s g r a v id a ru m  

clinical ĩe a tu re s  2: 4 02 ,  535 
d ef in i t io n  2: 402 ,  533 
d iag n o s is  2: ì 3 5  
í n c id e n c e  3: 234 
m a n a g e m e n t  2: 402 ,  535 
pa lh o p h y s io lo g y  2: 402  

H y perg lycem ia ,  d e f in i t ion  1: 553; 2: 40 3  
H y p e rg o n a d o t ro p ic  h y p o g o n a d is m ,  

def ìn i t ion  2: 83 
H y p er l ip id em ia  

de í in ì t io n  2: 403  
l ip o p ro te ín s

classif icat ion 2: 403 
m e ta b o l ism  2: 4 0 3 - 4 0 5  

p a th o p h y s io lo g y  2: 4 0 5 —406 
H yper l ip idem ia ,  m e tab o l ic  panc rea t i t i s  in 

ch i ld re n  3: 119 
H y p e ro sm o la r  í luid , def in i t ion  3: 35 9  
H v p e rp a ra th y ro id i s m

c a rc in o id  a s soc ia t ion  2: 412  
gas t ro in te s t in a l  s igns a n d  s y m p to m s  

2: 4 10
m u lú p le  e n d o c r in e  ncop las ia  assoc ia t ion  

2: 411
p a n c re a t i t i s  assoc ia l ion  2: 411 
pep t ic  u lc e r  a s soc ia l ion  2: 411 
p r im a rv  2: 410  

H yperp las ia ,  d cf in i t ion  1: 725; 3: 278  
H vperp las t ic  po lvpos is  (H PP) ,  íea tu res  

2: 14



H ypersplen ism , deRnition 1: 211; 3: 220  
H ypertension , see Portal hypertension  
H yperthyroidism  

clin ical ĩeatures
anorectal physio logy 2: 414  
constitudonal signs and sym ptom s 

2: 413  
gastric etnptying 2: 414  
hepatic signs and sym ptom s 2: 413  
m alabsorption 2: 4 1 3 —414  
m otilitv  disturbances 2: 413  
orocecal transit time 2: 414  

d eíĩn u ion  2: 413  
im m u n olog ic  associations 2: 414  

H yperthyroidism
liver d yslunction  2: 4 1 4 —415  
thyroid lunction  lesting belore  

im erleron -x  therapy 2: 415  
H ypertrophv, detĩn iúon  3: 278  
H ypoalbum inem ia, deRnition 3: 251, 255  
H ypochlorhydria, deíìn ition 1: 172 
H ypoglycem ia  

d etín ition  1: 553; 2: 403  
lu lm inant hepatic íailure 2: 72 

H ypokalem ia, deRnitíon 1: 81 , 2.35 
H ypophosphatem ia, dcR niúon 1: 8] 
H ypoplasia, dcíìn ition  1: 725 
H ypoproteincm ia, deRnition 3: 251 
H ypotension , deíin ition  3: 516, 566  
H ypothalam us

appetite regulation 1 : 110 
deR nítion 3: 329  
sa liety  regulation 3: 332  

H ypothyroid ism  
clin ica l features

anorectal íuncũon  2: 416  
ascites 2: 417
constitutional signs and sym ptom s 

2: 4 16  
dysphagia 2: 416  
m otility  disturbances 2: 416  

deR nition 2: 416  
ím m u n olog ic  assocìations 2: 417  
nutritional deficiencies 2: 417  

H yp ovolem ic shock , dcfìnition 2: 555  
H ypoxem ìa, íulm inant hepaùc ĩailure 2: 72 
H ypoxia

co lon ic  adaptaúon, see C olonìc ischem ia  
deR niúon ]: 421

IBD, scc Inílanim atory bow el disease 
IBS, see Irritable bow el syndrom e 
lC C s, see Interstitial cells of Cajal 
IF, sec Intrìnsic íactor 
lG Fs, sec Insu lin-like grow th íactors 
Ileal brake

com panion  braking m echanism s 2: 419  
d eíĩn ition  2: 419  
m ediation 2: 419

pathophysiology 2: 41.9 
treatment of defects 2: 419  

Ileitis, efinition 3: 651 
Ileoanal pouch

com plications 2: 423  
com raindications 2: 423  
definítion 1: 385; 2: 420  
historical perspective 2: 420  
postoperative care 2: 423  
preoperative preparation 2: 420  
qualily o f liíe  ou tcom es 2: 423  
technique

anastom osis, hand-sew n versus 
stapled 2: 423  

cuff formation 2: 421 - 4 2 2  
rnucosectom v 2: 421  
paúenl posiúon ing  2: 421 
pouch creation 2: 42]  

variations 2: 422  
Ileocecal valve, anatom y 1: 409  
lleoco lon ìc  sphinctcr, (unction 3: 446  
lleostom v, deíìn ition 1: 385  
lleum

colorectal biopsy
collagenous colitis 2: 6 7 4 —675  
im m unologic diseases 2: 674  
in íection  2: 673
inílammatory bowel disease 2: 6 7 3 -6 7 4  
ischcm ic disease 2: 673  
normal m ucosa 2: 6 7 2 —673  
polyps 2: 675
pseudom em branous colitis 2: 673  
tumors 2: 67^  

m ucosal biopsy  
ileitis 2: 672  
normal m ucosa 2: 672  
tum or5 2: 672

Ileus
clinical sym ptom s 3: 145  
deíìn inon 1: 529; 3: 145 
paralytic ileus 3: 1 4 5 -1 4 6 ,  177 
pathophysiology 3: 1 4 5 —146  
physíologic ileus 3: 145, 177, 397  

lm age fusion, detìnition 3: 180 
Image noisc, definition 3: 180 
Image resolution, defin iúon 3: 180  
Imaging device, deíìn ítion  3: 180 
lm aging plate, deíìn ition  3: 180  
lram unodetìciency, see also Acquired  

ìm m unodeR ciency syndrom e;
Primary im m unodeíiciency  

defìnition 2: 425  
Im m unoglobulin

anli-neuronal antibodics in 
parancoplastic syndroine 
3: 1 20—121 

deíinition 1: 681; 2: 4 25 , 570  
Fc ĩragm ent 2: 627  
fecal im m unoglobulin  production  

2: 5 7 4 - 5 7 5

im m unoglobulin  E in allergic reactioiis 
2: 627

intestinal im m unoglobulin  A 
dom inance in gut 2: 430  
funcũons 2: 430  
origins 2: 430  

intravenous im m unoglobulin
m echanism  of action 2: 4 8 2 - 4 8 3  

iso lypes 2: 571 — 572  
nolvm eric im m unoglobulin  receptor 

2: 5 70
lm m unoglobulin  A nephropathv, 

d eíìn ition  2: 295 
lm m u n on eu ư alizaú on , deíìn ition  2: 419  
Im m unostatin, dcíin iúon  2: 516  
Im m unosuppression .cielĩn ition  2: 549; 3 :86 
Imperỉorate anus 

associated anom alies 2 : 4 35  
clinical presentation 2: 435  
diagnosis 2: 435  
females

anorectal agencsis w ithout íisiuia  
1 : 186 

perincal listula 2: 433  
pcrsistenl cloaca 2: 4 34  
vestibular íìsiula 1 : 186 

grading 2: 431 
incidence 2: 432  
m ales

anorectal agenesís 2: 433  
pcrineal íistula 2: 432  
rectal alresia 2: 433  
rectourclhral listula 2: 432  
rectovesical (ìstula 1 : 186  

surgical correction
history o f  treatment 2: 431 
outcom es 2: 4.38
postoperative m anagem ent 2: 437  
tcchniques 2: 4 3 5 —4 37  

Incidence, deíìn ition  3: 453  
ln con tin en ce, Sfe Fecal in con linence  
lndeterm ìnant colitis 

deíìn ition  1: 376  
diagnosis 1: 3 7 6 —377  
in d d c n c c  1: 376  
natural history 1: 376  
treatm cnl

m edical thcrapy 1: 377  
surgcry 1: 3 7 7 - 3 7 8  

Iníantile polycystic d isease/congenital 
hepalic fibrosis 

[catures 1 : 2 1 7 - 2 1 8  
iricidence 1: 217 - 218  

In íectious diarrhea, scc also Campvlobactcr, 
Cholera; Cryptosporidium: 
Cvtom egalovirus: Food poỉsoning; 
Giardiasis; Rotavirus; Salmondla, 
Shigclla; Travcler’s diarrhca 

acquired im m unodeíiciencv virus 
1: 583



children 1: 588
clín ical and laboratory findings 1: 583  
elderly host 1: 579 , 583  
ep idem iology 1: 5 7 6 —577; 3: 403  
historical perspective 1: 576  
n osocom ial in íection  2: 741 
pathogens and m aniíestations o f acute 

diarrhea 
bacteria 1: 580 , 588  
unicellu ỉar parasites 1: 580 , 588  
viruses 1: 580 , 588  
w orm s 1: 580 , 588  

pa th 0 physi ology
acute diarrhea 1: 5 7 7 —5 7 8 , 580  
chronic diarrhẹa 1: 579 , 583  
persistent diarrhea 1: 579 , 583  

prevention 1: 583  
treatraent 1: 583  

Inílam matory bow el disease (1BD), see also 
C rohn’s disease; ỉndeterm inant 
colitis; U lcerative co litis  

colòrectaỉ cancer risks and screening  
1 : 4 6 0 ,4 7 2  

đeíìn itỉon  1: 33; 2: 731; 3: 172, 264  
diagnostic criteria ]: 609  
foocl intolerance 2: 58 
grow th facior therapy 2: 255  
lym phatic pathophysio logy 2: 569  

Inílam matory cloacogen ic po ỉyp , íeaturcs 
3: 295  

Inílixim ab
C rọh n s disease m anagem ent 1: 509  
ulceraiivc coliiỉs managemeni 1: 407 

Iníorm ed con sent, deíìn ition  1: 449  
Inírarenal aortic aneurysm , defìnỉtion  1: 1 
Inguinal hernia, laparoscopic repair 

2: 4 9 2 - 4 9 3  
INR, see International N orm alized  Ratio 
Insufflation, deíìn ition  1: 449  
Insulin, see also Beta cells 

deíin ition  1: 675
diabetes m anagem ent 1: 5 5 6 —557  
grow th horm one com parison 2: 258  
pancreatic enzym e sècretion  reguỉatỉon  

3: 72
resistance 1: 67 , 553; 2: 257 , 403  
secratagogues 1: 553; 2: 403  
sensitizers 1: 553; 2: 403  

Insulin-like grow th íactors (IGFs) 
binding proteins 2: 252  
ỉủnctions 2: 252  
growth horm one Ịnteractions 

2: 2 5 7 - 2 5 8  
ĩnsụlinom a  

definition 2: 676  
m uỉtiple endocrine neoplasia  

2: 6 7 8 - 6 7 9  
Intercalated dụct, defìnition 3: 313 
Intercellular adhesion  m olecu les, 

definition 2: 234

Intercellular canalicu li, defìn ition  3: 313  
Interd igestive m otility , defin ition  2: 659  
Interdigestive State, deíìnition 2: 650; 3: 1.77 
Interíace hepatitis, deíin ition  1: 121 
Interíeron-a, thyroid íu n ction  testing  

b efore therapy 2: 415  
Interm ediate íìlam ent, defin ition  2: 234  
Interm ediate host, d eíìn ition  3: 122  
Internal anal sphincter  

anatom y 1: 79  
đéRnition 1: 79  
ĩun ction  3: 446
injury and fecal in con tin en ce 2: 33  
innervation 1: 79  
rectoanal reílex 1: 7 9 —80  
sp h incterotom y 3: 4 4 4  

Internal ribosom e entry sũ e  (IRES), 
d efin ition  2: 323  

International N orm alized  Ratio (IN R ), 
d efinition  2: 549  

Interneuron
co lo n íc  contraction  regulation  

1: 4 2 9 - 4 3 0  
deíĩnition 1: 425 

ỉnterstitỉal cells o f  Cajal (IC.Cs) 
d efm itíon  1: 167, 4 2 5 , 6 2 9 , 6 3 6  
d evelopm ent 2: 440  
electrical s lo w  w ave  

generation  2: 439  
p acem aking m echan ism  2: 440  

Ki Ị. exp ression  2: 439  
m otility  d isorders and disruption

2: 439..440
tum or origins 

gastrointestinal strom al tum ors 
2: 4 4 0 - 4 4 2  

om ental m esenchym al tum ơrs 
2: 4 4 0 - 4 4 2  

Interventional radiology (IR) 
c o lo n  ischem ia d iagnosis 3: 290  
feed ing tube m anipulation  3: 289  
liver  

b leed in g  3: 290
percu tan eou s cb o lecystostom y 3: 290  
percu tan eou s transhepatic biliary 

drainage 1: 95  
percu tan eou s transhepatic 

cholangiography 3: 2 9 0 —291 
transjugular intrahepatic

p ortosystem ic shunt 3: 2 9 1 —292  
tum or ablation 3: 290  

ỉow èr gastrointestinal b leed in g  3: 290  
p ercutaneous drainage 3: 292  
p ercutaneóus gastrostom y 3: 289  
stricture d ilation  3: 290  

Intestinal absorption, see aỉso A bsorption  
d eíìn ítion  3: 251  

ln testinal atresia, see C olon ic atresia; 
D u od en al atresia; Jejunoíleal atresia; 
N eonatal ỉn testinal obstruction

Intestinal iníarction  
clin ical m aniíestations 2: 448  
d efinition  2: 447  
etỉo logy

acute m esenteric artery em bolism  
2: 447

acute m esenteric  ártery throm bosis  
2: 447

acute m esenteric ven o u s throm bosis  
2: 447

n on -occ lusive m esenteric ỉschem ia  
2: 447  

rare causes 2: 4 4 8
strangulated bov/el obstruction  2: 4 4 8  
strangulated hernias 2: 4 4 7 - 4 4 8  

evaluation  o f  in testinal viability  2: 449  
im aging 2: 449  
ỉaboratory testing 2; 4 4 8  
p ạthophysio logy 2: 448  
surgical m anagem ent 2: 4 4 9 —4 5 0  

IntéstinaỊ ischem ia
clin ical presentation 2: 602  
diagnosis 2: 602 
treatment 2: 602  

Intestinal obstruction, see Colonic atresia; 
D uodenal atresia; Jejunoileal atresia; 
N eonatal in testinal obstructíon  

Intestinal permeability, deíìnition 3: 251 
Intestinal pseudo-obstruction  

chronic 3: 120 
deG nition 2: 621 
m yopath ic form 2: 4 5 4  
neuropalh ic ĩorm  2: 4 5 4  

Intestinal transplantation  
com plications  

infection 3: 394 
rejection 3: 3 9 4 —395  
surgical con ip lications 3: 3 9 4  

d on or organ se lection  and procurem ent 
3: 393 

ind ications 3: 3 9 0 —391  
isolatecl transplantation 3: 3 9 0 , 3 9 2  
liver—intestine transplantation 3: 3 9 0 , 

392
m ultivisceral transplantation 3: 3 9 0 , 

3 9 2 - 3 9 3  
ou tcom es 3: 395  
postoperative m anagem ent

im m unosuppression  3: 3 9 3 —3 9 4  
in fection  prophylaxis 3: 394  
rejection 3: 393  
surveillance en d oscop y  3: 393  

short bow el syndrom e 3: 364 , 3 6 9 —3 7 0  
Intolerance, see H ereditary ĩructose  

in tolerance  
ỉntrahepatic bile duct paucity, see A lagille  

synđrom e  
Intrinsic íactór (IF)

cellu lar uptake o f  cobalam in com p lex  
2: 4 5 6 - 4 5 7



Intrinsic íactor (IF) (continued)
deficiencv and pernicious anemia 3: 171 
d eíìn ition  2: 455; 3: 170, 619 
distribuúon 2: 455  
structure and íunction  2: 456  
syn th esis 2: 456
vitam in B12 ìnteractions 3: 6 1 9 - 6 2 0 ,  

63 4
Intussuscep iens, defìnUion 2: 458  
Intussusception  

adulls 2: 461
d efin ition  1: 374, 434; 2: 458 , 477,

638
d iagnosis

abdom inal film 2: 459  
Iruussusception

bariurn cnem a 2: 459  
com p uted  tom ography 2: 4 5 9 —460  
ullrasonography 2: 459  

eú o logy  2: 45 8  
incìd en ce 2: 458  
internal 3: 421
physical exam inatìon  (indings 

2: 4 5 8 - 4 5 9  
p ostoperalive in tussusception  2: 461 
p rognosis 2: 4 6 0 —461 
reducũon

im age-gu ided  reduction 2: 460  
surgery 2: 460  

signs and sym ptom s 2: 458  
lo n  channcl, d eíin iú on  1: 413  
lon  exchanger, definilion  1: 413  
lon  pum p, definition  1: 413  
IR, see Interventional radiology  
IRE, see Iron regulatory eleraent 
IRES, see Internal rìbosom e entry site 
Iron, see also Hereditary hem ochrom atosis  

d ep ositio n  2: 586  
dietary requirem ents 2: 463  
enterocytc uptakc, Processing, and 

release 2: 4 6 4 - 4 6 5  
h em ochrom atosis, see Heređilary 

hem ochrom alosis; Neonatal 
hem ochrom alosis  

lum enal m etabolism  2: 4 6 3 -4 Ố 4  
regulation o f  absorptíon 2: 4 6 5 —466  
transport regulation 2: 757  

lron deR ciency anemia
differentíal d iagnosis 3: 13 — 14 
ep íd em io logv  3: 12 
treatm ent and outcom e 3: 14 

lron  regulatory elem ent (1RE), deíìn ition  
2: 372 , 463  

Iron regulaiory protein (IRP) 
detin ition  2: 372, 463  
iron absorption regulation 2: 466  

IRP, see Iron-regulatory protein  
Irritable bow el syndrom e (IBS) 

clinical íeatures
éxtraintesúnal svm ptom s 2: 470

gastrointestinal syraptom s 
2: 4 6 9 - 4 7 0  

colonic m otility  dysíuncũon  1: 432  
definition 1: 597, 610; 2: 195; 3: 172, 

2 6 4 ,2 7 1 ,3 4 6  
diagnosis

criteria 2: 470  
evaluation 2: 4 7 0 —471 

dietarv therapy 1 : 611  
ep idem iology 2: 467; 3: 271 
etio logy 1 : 610  
food intolerance 2: 58  
gastro-colic reílex 2: ]9 5  
pathophysiology

Central nervous system  modulaLion 
2: 468 , 475  

im m unc function 2: 468  
intestinal m otility alterations 2: 468  
overview 2: 4 6 7 - 4 6 8  
stress role 2: 4 6 8 - 4 6 9  
visceral perception  alteraúons 2: 468  

psychosocio logv  
abuse 3: 273  
anxiety 3: 2 7 2 - 2 7 3  
depression 3: 272 — 273  
in lerventions

cognitive-behavìoral therapy 
3: 2 7 3 - 2 7 4  

hypnosis 3: 274  
interpersonal psychotherapy  

3: 2 74  -2 7 5  
relaxation training 3: 274  

psychiaư ic com orbidity 3: 267- 268  
quality o f life 3: 273  
research prospects 3: 275  
stigm a 3: 272  
stress 3: 273  

serotonin targeting in m anagemeni 3: 348  
sex  differences 2: 469; 3: 272  
ưcatraent

constipation 2: 473  
dìarrhea 2: 473  
dietary (ĩber 2: 4 7 2 —473  
pain 2: 4 7 3 - 4 7 4
pharm acotherapy 2: 474; 3: 1 7 5 —176 
physician—patient relationship  

establishm ent 2: 472  
psychological treatmcnt 2: 4 7 4 —475  
sym ptom  severity rating 2: 471 — 472  

Ischem ia, see also Intesũnal inỉarcũon; 
Liver ischeraia; M esenteric isthcm ia  

cold  2: 545, 5 4 7 - 5 4 8  
colonic. see C olonic ischem ia; C olonic  

ulcers
deíin ition  1: 308 , 351 . 366 , 421 , 437;

2: 447 , 555  
erosive and hem orrhagic gastritis 1: 737  
precondúion ing 2: 545 
proctopalhv 3: 240  
warm 2: 545 — 547

Ischem ic colìtis. see C olonic ulcers 
Islets of Langcrbans 

blood  supply 1: 677  
capsule 1: 677  
ccll tvpes 1: 6 7 6 —677  
deíĩn ition  l: 675  
hcterogeneity 1: 678  
innervation 1: 6 7 7 - 6 7 8  
in su lar—acinar portal systera 1: 678  
m ass 1: 675
organization and [unctional im plicaúons  

1: 678
Isotonic (luid, d eíin ition  3: 359  
Isotope d iluúon , body com position  

analysis 2: 761

J
Jancway lesion , deíin ilíon  3: 600  
Jaundice

conịugated hyperbilirubìncm ias 
choleslasis 1 : 22]
D ubin-Johnson syndrom e 1: 22]  
Rotor syndrom e 1: 22] 

d eím ition  1: 20, 21 1, 301, 305; 2: 338, 
712; 3: 58 

neonatal hyperbilirubinem ia  
assessm enl 2: 716  
hreast-led neonaies 2: 715  
kernicterus 2: 716  
pathological jaundice etiology  

2: 7 1 4 - 7 1 5  
physiological jaundice 2: 713 — 714  
scquclac 2: 712  
treatment

exchangc transfusion 2: 717  
hem e oxygenase inhibitors 2: 717  
intravenous im m unoglobulin  

2: 717  
phenobarbital 2: 717  
photntherapy 2: 717  

ultrasonography 3: 551 
unconjugated hyperbilirubinem ias 

bilirubin overproduction 1 : 220 
Crigler-Najar svndrom e l: 2 2 0 —221 
Gilberrs syndrom e 1: 221 
physiologic ịaundice o f  neonates 

1 : 221 
Jejunoileal atresia 

diagn05Ís 2: 445  
etio logỵ 2: 444  
treatment 2: 445 — 446  
types 2: 4 4 4 - 4 4 5  

Jejunum . definition 2: 201 
Jennerian vacd n e, d tím ition  3: 307  
Jcune syndrom e, íeatuSés 3: 5 3 - 5 4  
Johansson Blizzard syndrom e, ieatures 

3: 53
JP, src Juvenilc  po lvposis  
Ju v c n i lc  polvposis (JP) 

can ce r  sc recn ing  2: 13



clin ical íeaiures 2: 12—13, 269  
gastric cancer surveillance  

recom m endations 2: 116  
gcnc m utations 1: 269  
m anagem ent 2: 13

K
Kapisoform hem angioendotheliom a  

deíin ition  3: 593  
pediatric íeatures 3: 5 9 5 - 5 9 6  

Kaposi s sarcom a (KS) 
acquired im raunodeíìciency syndrom e  

hepatic m anifestations 1: 18—19 
diagnosis in gastrointestinal trract 

2: 4 7 7 - 4 7 8  
ep idem io logy  2: 4 7 7  
p aihogenesis 2: 478  
prognosis 2: 479  

Kasai operation, sec Portoenterostom y  
Kawasaki syndrom e  

atypical d isease 2: 479  
clinical íeatures 2: 4 7 9 —481 
deíìn ition  2: 479  
diagnosis 2: 4 8 0 - 4 8 1  
differcntial d iagnosis 2: 481 
ep idem ioỉogy 2. 4 7 9  
gasirointestinal abnorm alities 2: 481 
in I ra ve n o us i m m uĩiogl obu 1 i n

m echanism  o f  action 2: 4 8 2 - 4 8 3  
treatmcnt 1: 4 8 1 —482  

Kayser -Fleischọr ring 
deíin ition ỉ: t>43 

VVỈlsuiís dísèíise 3: 645  
Keratinocyte grow ih  íactor (KGF), 

functions 2: 253  
K eratoconịunctiviiis sicca  

deíìnitión 3: 384  
treatinent 3: 388  

Kernicierus
clinical íìnd ings 2: 484  
cleíinition 2: 4 8 4 , 712  
encephaỉopathy phases 2: 716  
eùology 2: 484  
m anagem ent 2: 4 8 4 —485  
pathologv 2: 716  
pathophysiology 2: 484  

KGF, sec Keratinocyte grow ih  factor 
Kidney, Aỉagille svndrom e m aniíestations  

1: 23
Kindred, d eíìn ition  2: 676  
Kit

deíin iúon  2: 439
interstitial cell o f Cajal expression 2: 439  

K lip pe l-T ren aun av—W eber syndrom e, 
ĩeatures 3: 592  

Koek pouch, definition 3: 224  
KS, scc Kaposi s sarcoma 
Kupíĩer cell 

circulation regulation 1: 165 
deíìn ition  2: 507

íeatures 2: 5 1 1 —512  
hepatotoxin  livcr irỳury m ediation  

2: 3 6 6 - 3 6 7  
Kwashiorkor, see aỉso P rotein—calorie 

deficiency  
deíĩn ition  3: 33, 242  

K yphoscoliosis, defìnition  1 : 661

L
Lacrimal glands, d eíìn ition  3: 384  
Lactase, over-the-counter clrugs 3: 22  
Lactóbaciỉlus reuteri, over-the-counter  

drugs 3: 22  
Lactose intolerar.ee

diagnosis 1: 2 6 9 -2 7 0 ;  2: 603  
d igestion  1: 277 
íood con ten t 1: 272 
lactạse d eãcien cy  1: 268 , 2 7 1 -2 7 2 ;

2: 57
p athophysio logy 1: 269  
sym plom s and signs 1: 269  
treatment 1: 272; 2: 603  

Ladd procedure, m alrotation c o itec tio n  
2; 6 1 8 - 6 1 9  

Ladd’s  bands, d eĩin ition  2: 614  
Lam ellipodia, deíin ition  3: 199 
Lamina propria 

com p onents 2: 221 
defm ition 2: 219 , 487  
lyinphocyte com partm ent 2: 570, 574  

Laparoscopy, sec aỉso M inim ally invasive 
surgery  

advantages 2: 489  
appendectom y 1: 108; 2: 492 , 658  
cholécystecLom y 1: 3 1 8 - 3 1 9 ;  2: 492 ,

6 5 4 - 6 5 5  
ch o led och o lith o tom y 2: 655  
co lectom y 1: 3 7 0 —371; 2: 4 9 4  
com p lication s 2: 4 8 9 —490  
contraindications 2: 6 5 3 —654  
dcfinition  2: 653  
diagnostics

abdom inal sepsis 2: 491 
appendic itis 2: 490  
chronic abdom inal pain 2: 491  
g yn ecolog ic  abdom inal disease  

2: 4 9 0 - 4 9 1  
ind ications 2: 490  
m esenteric ischem ia 2: 491  
sm all b ow el obstruction  2: 491 
staging o f  m alignancỵ 2: 4 9 1 - 4 9 2 ,  

6 5 7 - 6 5 8  
trauma 2: 491  

gastric siap lin g  and bypass 2: 4 9 4 , 657  
historical perspective 2: 487  
inguinal hernia repair 2: 4 9 2 - 4 9 3  
insufflation 2: 488 , 653  
N issen  íundop lication  2: 493,

6 5 5 - 6 5 6  
pancreatic cancer 3: 64

physio logy 2: 4 8 8 - 4 8 9  
pregnant patỉents 2: 494  
sm all intestinal surgery 2: 493  
sp lenectom y 2: 492  
technique 2: 4 8 7 - 4 8 8  

Large in íestin e, see C olon  
Larva, deíìn ition  2: 692  
Larynx

detìn ition  2: .386 
innervation 2: 3 8 6  

Laxatives 
bulk-producing agents 2: 498; 3: 20  
constipation  relief 1: 5 0 0 —501 
cỉeíìnition 1: 499; 2: 498  
em ollien ts 3: 21 
ind ications

co lon  preparation íor procedures 
2: 500  

constipation  2: 500  
tox ic  ingestion  2: 500  

lubricating agenls 2: 500  
m ineral oil 3: 21
osm otic  laxatives 2: 4 9 8 - 4 9 9 ;  3: 2 0 —21 
pharm acology 3: 175 
secratagogues 2: 4 9 9 - 5 0 0  
stim ulant laxatives 3: 21 

LDL, see Low -density lipoprotein  
Lead p oin t, definition 2: 458  
Lean body m ass, defìnitỉon  2: 606  
Lecithin cholestero l acyltransíerase, 

definition  1: 99 
L eiom vom a, sm all intestine 3: 412  
Leptin

appetite regulation 1 : 110 
d eíỉĩiition  1 : 110 

LES, see Lower esophageal sph incter  
L eser-T re la t sign , definition  3: 4 5 3  
L eukopenia, definition  1: 81 
L eukotrienes  

d eíìn ition  2: 744  
s>Tithesis 1: 113 

Levator ani, anatom y 1: 72 
Life expectancy, d eíin ition  2: 767  
Ligam ent o í Treitz, d eíìn ition  3: 151 
Ligand, defìn ĩtỉon  3: 510  
Lipase, see also Pancreatic trigìyceride  

lipa.se
d efm iù on  1: 343; 2: 23; 3: 89  
fat d igesũ on  

gastric lipase 2: 2 3 - 2 4  
pancreatíc lipase 2: 24  

Lipid absorption
acid m icroclim ate effects 1: 1 6 3 —164  
barriers

brush border m em brane 1: 158,
1 6 4 - 1 6 5  

unstirred vvater layer 1: 158,
160-162

ch ylom icron  íorm ation and transport 
2: 2 6 - 2 8



Lipid absorption (continueả) 
d etìn iú on  2: 566
ìntervillus space and v illou s m úú lity  in 

uptake 1: 1 6 2 —163 
intralum inal processes 2: 2 5 —26  
lìp id-b ind ing  proteins 1: 1 5 9 —160,

1 6 5 - 1 6 6  
lipoproteins 1: 625  
overview  1: 158; 2: 23 , 597  
portal vein  delivery 2: 29 
transport regulation 2: 757  
triacylglyceride resynthesis in 

enterocytes 2: 26 
triglyceride transport and p oo ls  

2: 2 8 - 2 9
uptake across brush border m cm brane 

1: 1 5 9 - 1 6 0  
1-ipid absorplion

very-lovv-densily lipoprotein  production  
2 : 28

Lipid raft, deíìn ition  1; Ị,36 
Lipoma

deíìn ition  3: 4 68  
sm all in testine 3: 412  
subm ucosal tum ors 3: 469  

L ipopolysaccharide, d eữ n ition  2: 365  
Lipoproteins

ch olesterol assem bly 1: 348  
classification 2: 403  
d etin iúon  1: 343; 2: 501 , 502  
functional overview  2: 502  
hepatic assem bly and secretion  

2: 5 0 3 - 5 0 5  
hypercholesterolem ia in  prim ary biliary 

cirrhosis 2: 4 06  
in testinal assem bly

apolipoprotein  B role and RNA  
editing 2: 503  

com p lex  lip id  syn th csis 2: 5 0 2  
m icrosom al triglyceride iransíer  

protein  role 2: 503  
intestinal secretion  2: 503  
m etabolism  2: 4 0 3 —405  
receptors 2: 5 01 , 505  
treatm em

bile acid sequestrants 2: 4 08  
ch oleslero l absorption inhibitors  

2: 409  
tìbrates 2: 4 0 8 —409  
liícsty le  m odiíìcation  2: 407  
n icoú n ic  acìd 2: 4 09  
statins 2: 4 0 7 —408  

very-low -density  lipoprotein  2: 23, 28  
Lithiasis, dcíìn ition  1: 211  
Lithogenesis, cỉeíĩnirion 2: 650  
Lithotom y, dcRnition 1: 3 66  
Livcr

acquìred im m u n od eíicien cy  syndrom e  
m anifestations 1: 14—15 

aging effects 1 : 6 —7

Alagille syndrom e m aniíestaúons  
1 : 2 1 - 2 2

alcohol injury, see Alcohol; Cirrhosis;
Hepatocellular carcinom a  

am ebic abscesses 1: 5 4 - 5 5  
am yloìdosis 1: 6 6 —67 
anatom y

bile duct epìthelial cells 2: 512  
circulation 1: 352; 2: 5 0 8 —509; 3: 220  
gross anatom y 2: 508  
hepatocytes 2: 5 1 0 —511 
ínnervation 2: 510  
Kupffer cells 2: 5 1 1 —512  
lym phatic svstem  2: 5 0 9 -5 1 -0  
lym phocytes 2 : 5 1 2  
m ìcroscopic organizaúon and 

structure 2: 510  
std la le  cells 2: 511 

biopsy, see Liver biopsy  
circulation

anatoray 1: 352; 2: 5 0 8 -5 0 9 ;  3: 220  
blood flow regulaúon 1: 352  
capacitance lunction  1: .353 
cirrhosis 2: 30.3 
endothelial cells 2: 299  
endotoxìn  response 2: 303  
hem odynam ics 1: 352  
hepatic artery 2: 302 — 303  
hepatic stellate cells 2: 2 9 9 —300  
ischem ia -rep er íu sio n  injurv 2: 303  
Kupffer cells 1: 165 
regulators 

carbon m onoxide 2: 301 
endothelin  2: 301 
horm ones 2: 301 
nitric oxide 2: 3 0 0 -3 0 1  

sinusoìdal ílow  regulation 2: 302  
cysts, see Lìver cysts 
developm ent

biliar)' system  2: 5 3 1 —532  
overview  1: 551; 2: 507  — 508  
parenchym a 2: 5 3 0 —531  
vasculature 2: 532  

diabetic com plicaúons 1: 559  
fatty liver  disease , see Fa t ty  liver  disease 
fĩbrosis, see  H epai ic  í ibrosis 
fu lm inan t  h e p a ú c  íailure , see F u lm in a n t  

hepatic tailure 
granulom a, sce Hepatic granulom a  
hyperthyroidism  effecls 2: 4 1 3 - 4 1 5  
injurv, ses H epatotoxicity  
m agnetic resonance im aging  

abscesses 2: 588  
adenom a 2: 589 
cavernous hem angiom a 2; 588  
cirrhosis 2: 5 8 6 - 5 8 8  
cysts 2: 588
dysplastic nodules 2: 589  
fatty infillration 2: 585 — 586  
focal nodular hyperplasia 2: 588

hepatocellular carcinom a 2: 589  — 590  
iron deposition 2: 586  
m etastases 2: 590  
pulse sequences 2: 585  

m astocytosis abnorm alities 2: 636  
scintigraphy, see Scintigraphy  
ultrasonography 3: 5 4 4 —550  

Liver abscess
clinical presentation 2: 514  
diagnosis 2: 5 1 4 —515  
epidem iologỵ 2: 513  
m agneúc resonance im aging 2: 588  
pathogenesís 2: 513 — 514  
treatmenc 2: 515  

Liver biopsy
alcoholic liver disease 2: 520  
al-antitrypsin  deíìciency  2: 520  
Budd—chiarì syndrom e 1: 232  
cirrhosis 1: 3 5 9 -3 6 0 ;  2: 5 2 0 -5 2 1  
drug-induced hepalitis 2: 520  
hem ochrom atosis 2: 520  
hepatocellular carcinom a 2: 521 
heredúary hem ochrom atosis 2: 377  
indications 2: 517
ìntcrpretalion p r in ó p les 2: 5 1 8 —519  
m etastases 2: 521
n onalcoholic falty liver disease 2: 520  
primary biliary cirrhosis 1: 338; 2: 520  
primary sclerosing cholangitis 2: 520  
specim en preparalion 2: 517 — 518  
staining 2: 5 1 8 - 5 1 9  
types 2: 5 1 6 - 5 1 7  
viral hcpatitis 2: 520  

Liver cysts
abscesses, see Liver abscess 
benìgn lesions

cavernous hem angiom as 2: 5 2 4 - 5 2 5  
ciliated hepatic ioregut cysts 2: 525  
cysladenom a 2: 523  — 524  
microhamartom a 2: 525  
peliosis hepatitis 2: 525  
polycystic liver d isease 2: 524  
sim ple cysts 2: 5 2 2 —523  

choledochal cysts and Caroli’s disease 
2: 5 2 6 - 5 2 7  

echinococcal/hydatid  cysts 2: 5 2 7 —528  
m agnetic resonance im aging 2: 588  
m alignant lesions

cystadenocarcinom a 2: 525  
m ctastases 2: 526
primary squamous cell carcinoma 2: 526 

Liver failure, pediatric 
acute-on-chronic 2: 538  
clinical prcsentaũon 2: 539  
deíìnition 2: 538
differential d iagnosís 2: 54] - 5 4 2  
cncephalopathy staging critcria 2: 540  
eLiologv 2: 5 3 9
íulm inam  2: 538 , Wỉ also Fulm inant 

hepatic íailure



liver-assist devices 2: 544  
m anagem ent 2: 541 — 543  
outcom es 2: 543  
subíu lm inant 2: 538  

Liver ischem ia
cold  ischem ia 2: 547  
liver disease 2: 546  
protective strategies 2: 547 — 548  
warm ischem ia 2: 545 — 547  

Livcr transplantation
alcoholìc liver disease 2: 550
ascites m anagem ent 1: 117
biliary sư ic tu re 1 : 201
Budd—Chiari syndrom e 1: 2 3 3 —234
cadaveric donors 2: 551
cancer pa lien ts 2: 550
coraplications

early posttransplant period 2: 552  
im m unosuppression  side elĩects  

2: 5 5 2 - 3 5 3  
con lraind icaúons 2: 549  
de í in i l ion  2: 340
enzym e d eíĩcicncy patients 2: 550  
esophageal varices prevention 3: 218  
íulm inant hepatic ĩailure 2: 74  
hepatitis c  m anagem ent 2: 330  
hepatitis D m anagem ent 2: 337  
hepatoccllular carcinom a m anagem ent 

2: 345
heredilary hem ochrom atosis  

m anagem ent 2: 377  
historical perspective 2: 549  
indicaũons 2 :5 4 9  
living donors 2: 551 
príoritizing paticnts on w aiting list 

2: 550  
prospects 2: 554  
recurrent dìsease

autoim m une hepatitis 2: 554  
hepatitis B 2: 553  
hcpatitis c  2: 553  
primary biliary círrhosis 2: 554  
primary sclerosing cholangitis  

2: 554
sinusoidal obstruction syndrom e  

3: 383  
tyrosinem ia 3: 541 
W ilson’s disease 3: 647  

Lìver tum ors, see Hepatic adenoma;
Hepatocellular carcinom a  

Lobectom y, deíin ition  1: 305  
Longcvity, deíìn ition  2: 767  
Loperamide, m echanism  o f action 1: 95  
Lossless conipression . delìn ition  3: 180  
Lossy com pression , deíin itìon  3: 180 
Low-dens>ily lipoprotein (LDL), see also 

Lipoproieins 
deRnition 1: 99 

Lower esophageal sphincter (LES) 
anatom y 1: 7 6 4 - 7 0 5

definition 1: 2; 3: 566  
developm cnt 1: 767
dysíunction , see Gastroesophageal reílux  

disease  
ỉun ction  3: 446  
hypertensive 2: 621  
transienl relaxation 2: 211 

Lower gastrointestinal b leed ing  
clin ical presentation 2: 291  
co lon ic angiom as 2: 5 5 9 —560  
co lon ic  carcinom as and polyps 2: 560  
diverticular hem orrhage 2: 5 5 8 - 5 5 9  
evaluation 2: 5 5 5 —556  
hem orrhoids 2: 560  
intervcntional radiology 3: 290  
severe hem atochezia  w ork-up  

co lon oscop y  2: 5 5 6 —557 
initial m anagem ent 2: 556  
red b lood  cell scanning 2: 5 5 7 - 5 5 8  
\ iscer.il angiography 2: 558  

Lumcn, deR nition 3: 313  
Lung cancer, slaging w ith  en doscop ic  

uhrasonography 1 : 688 
Lupus erythem atosus 

anlinuclear an libodies 2: 562 
classiRcaùon 2: 562, 564  
clinical m anifeslations 2: 563 
deRnìtion 2: 562  
díagnosis 2: 564  
drug-induced  2: 562 
eú ology  2: 562  
pathogenesis 2: 562  
prognosis 2: 5Ố5 
treatm ent 2: 565  

Lymph, deR nition 2: 566  
L ym phangiectasia, protein -losing  

disorders 3: 253 — 254  
Lym phangiom a, dcRnition 3: 194  
Lym phatic system  

anatom y 2: 5 6 6 —567  
deR nition 1: 343  
gastrointesúnal lym ph  

form ation 2: 567  
horm ones 2: 568 
lipid transport 2: 5 6 7 - 5 6 8  
proteín  transport 2: 568  
xen ob iotic  transport 2: 568  

m alíorm ations 3: 598  
pancreas 3: 28 , 3 0 - 3 2  
pathophysio logy

acute pancreatitis 2: 569  
chyluria 2: 569
m ũam m atory bovvel disease 2: 569  
in tesúnal lym phangiectasia  

prim ary 2: 5 6 8 —569  
secondary 2: 569  

L ym phocyte, see B cell; Natural killer cell;
T cell; T helper cell 

L ym phocyũc colitis
associated diseases 1: 373

causes 1: 373
clin ical presentaúon ]: 372  
ep id em io logy  1: 3 7 2 —373  
h istop ath o logy  1: 372  
treatm ent 1: 3 7 3 - 3 7 4  

L ym phocytic  in filtration, d eíĩn ition  2: 234  
L ym phoid  ío llicu lar hyperplasia, defin ition  

3: 236
L ym phoid  hyperplasia, íeatures 2: 15 
L ym phom a, see E nteropathy-associated  T 

cell lym phom a; M ucosa-associated  
lym phoid  tissue lym phom a; N on- 
H odgkin's lym phom a  

L ym phom atous p o lyp osis
ím m unoproliíerative sm all im estinal 

disease 2: 15 
m u lú p le  lym ph om atou s p o lyp osis 2: 15 

Lynch syndrom e, see H ereditary non- 
p olyp osis co lorectal cancer

M
M agnesium  

balance 1: 251 
deficiency  1: 2 5 1 - 2 5 2  

M agnetic resonance
cholangiopancreatography (M RCP) 

biliary stricture 1 : 201 
ch olan giocarcin om a 1: 302; 2: 592  
ch o led o ch o lo lith ia sis  2: 590  
d eíìn ìtio n  1: 8, 200 , 204; 3: 154  
gallston es 1: 3 2 6 , 330; 2: 590 
pancreatitis, acute 3: 105  
prim ary biliary cirrhosis 2: 5 9 1 - 5 9 2  
prim ary sc lerosin g  cholangitis 2: 590, 

591
tech n iqu e 2: 590  

M agnetic resonance im aging (MRI)
alim entary tract im aging techn ique 1: 33  
b od y  com p o sitio n  analysis 2: 762  
B u d d —ch ia r i syndrom c 1: 232  
c o lo n  cancer

preoperative staging 1: 35  
radiation Rbrosis versus recurrent 

tum or 1: 3 5 - 3 6  
screen ing 1: 33 

gad olin iu m  chelate as contrast agent 
1: 33; 2: 585  

gastric em p ty in g  2: 121 
in -phase gradient echo 2: 585  
in ílam m atory bow el disease  

C rohn’s disease 1: 3 6 —37  
ulcerative co litis  1: 36 , 3 7 —39  

liver
abscesses 2: 588
ađenom a 2: 589
cavernous h em angiom a 2: 588
cirrhosís 2: 5 8 6 —588
cysts 2: 588
d ysplastic n od u les 2: 589  
fatty in íìltration  2: 5 8 5 - 5 8 6



M agnetic resonance im agìng (MR1) 
(continued)
focal nodular hyperplasia 2: 588  
hepatocellu lar carcinom a 2: 5 8 9 —590  
iron dep osition  2: 586  
m etastases 2: 590  
pulse sequ en ces 2: 585  

opposed-phasc gradient echo 2: 585  
pancreas

carcinom a 2: 593 — 595  
cystic tum ors 2: 595  
iu n clional stud ies 2: 596  
im raductal papillary m ucinou s  

neop lasm s 2: 595 
islet cell tum ors 2: 595  
norm al tissue 2: 593  
panereas d ivisum  2: 593  
pancrealitìs 2: 593  

M agnetic resonancê im aging (MRI) 
technique 2: 5 9 2 —593  

pancreatic éancer 3: 4 4 , 62  
primary sc lerosin g  cholan giú s 1: 312  
pulse sequ en ce 2: 585  
short tau invcrsion  recovery 2: 585  
susccptib ility  2: 585  
T l-w e ig h led  im ages 1: 33; 2: 585  
T 2-w eighted  im ages 1: 33; 2: 585  

Major h istocom patib ility  com p lex  (M H C), 
see aìso H um an leu k ocyie antigen  

d cfin ition  2: 562 , 570; 3: 494 , 510  
M alabsorption, see also Carbohydrate 

absorption; Lactose intolerance; 
Tropical sprue 

baclerial overgrow th association  1: 131 
celiac sprue 2: 5 9 8 - 5 9 9  
cholestasis 2: 601 
cobalam in

in testine 1: 364  
stom ach 1: 3 6 3 —364  

d eíĩn iũ on  1: 131, 278; 2: 597; 3: 76, 
2 51 , 528  

giardiasis 2: 6 0 2 —603  
g iu co se—galactose m alabsorption 3: 404  
hyperthyroidism  effccts 2: 4 1 3 —414  
intestinal ischem ia 2: 602  
lactosc in tolcrance 2: 603  
pancreatitis 2: 6 0 0 —601  
short bow el syndrom e 2: 603  
stasis syndrom e 2: 5 9 9 —600  
system ic m astocytosis 2: 602  
w h ip p le ’s disease 2: 6 0 1 —602  
Z ollin ger—Ellison syndrom e 1: 55 

M aldìgestion, deíin ition  3: 76 , 251 
M a llo rv -W eiss  tcar

ạssocialed  cond itions 2: 604  
clin ical presentaticn  2: 6 0 4 —605  
d eíìn iã o n  2: 604; 3: 566  
d iagnosis 2: 605  
iatrogenic causes 2: 604  
outcom e 2: 605

treatment
endoscopy 2: 605  
radiology 2: 605  
resuscitation 2: 605  
surgery 2: 605  

M alnutrition, see also P rotein—calorie 
deticiency  

consequences 2: 610  
detinition 2: 607  
elderlỵ 2: 769  
funcúonal tests 2: 612 , 766  
m anagem ent 2: 6 1 2 —613  
m ctabolic rcsponse  

bodv com partm ents 2: 608  
cvlokinc responsc 2: 609  
injury and criúcal illness response  

2: 609
starvation and sem istarvaiion  

physiology 2: 608  
nutritional assessm ent 

anthropom etrv 2: 61 1 
clinical history 2: 610  
crea lin in e -h e ig h t index 2: 61 1 
physical exam ination 2: 610  
serum niarkers 2: 6 1 1 - 6 1 2  

pancreas effects
endocrine pancreas injury 3: 34  
m icronutrient d eticiencies 3: 34  
protein deíìciency 3: 33 

subịective global assessm cnt 2: 612  
types

cachexia svndrom c 2: 608  
p ro ie in -c a lo r ie  dcticiency 2: 607  
protein m alnutrition 2: 607  

M alrotation
clinical presentation 2: 617  
d eíìn iúon  2: 614
developm ental pathologv 2: 6 1 4 —617  
díagnosis 2: 6 1 7 —618  
incidencc 2: 614  
outcom es 2: 619  
treatment 2: 6 1 8 —619  

MẦLT, see M ucosa-associated lym phoid  
tìssue

MAMC, see Mid-arm m uscle  
circum íercnce  

M anganese
deíìciency 3: 505  
lunctions 3: 505  
regulation 3: 505 — 506  

M anometry
anorcctal m anom etry  

definilion 2: 623  
indications 2: 623  
outcom c m casures 2: 623  
technique 2: 623  

barostat, see Barosuu 
esophageal m anom etry  

deíìnition 2: 621 
indications 2: 622

ou lcom e mcasures 2: 6 2 1 —622  
technique 2: 621  

intestinal m anom etry  
delĩn ition  2: 622  
indications 2: 6 2 2 —623  
outcom e measures 2: 622  
technique 2: 622  

sphincter o f Oddi dysfunction  
3: 4 3 7 - 4 3 8  

MAPK, sce Mĩtogen-activa ted  p ro te in  
kínase

M arasmus, sce also Prolein—calorie  
deficiencv  

definition 2: 606; 3: 33, 242  
Marfan syndrom e, dcHniúon 2: 379  
Marginal ulcer

clinical prescntaũon 2: 625  
deíìnition 2: 624  
diagnosis 2: 625  
etiology 2: 624  
incidence 2: 624  
onset 2: 624  
pathogenesis 2: 624  
treatment 

m edical m anagem ent 2: 625  
surgery 2: 6 2 5 —626  

Mass m ovem ent, deíìn ition 1: 425  
Masson trichrome, dểSnition  2 : 516  
Mast cell 

acúvaúon
im m unological activaúon 2: 6 2 9 —630  
noním m unological activation  2: 630  

dcRnition 2: 627, 
distribulion 2: 628  
gastrointestinal functions 2: 633  
heterogeneitv

biochem ical characleristics 2: 629  
íunctional characteristics 2: 629  
histochem istry 2: 6 2 8 —629  
origins 2: 629  

history o f studv 2: 6 2 7 - 6 2 8  
mediators

arachidonic acid m etabolites  
2: 6 3 1 - 6 3 2  

cylokines 2: 632  
dilĩerentíal release 2: 6 3 2 —633  
histam ine 2: 630  
proleases 2: 631 
proteoglycans 2: 631 

origins 2: 628
stem  cell íactor in developm ent 2: 628  

M astication. deíinitĩon 2: 66 
M astocvtosis, sc® Svstcm ic m aslocytosis  
M cBurncvs point, definiúon 1: 104  
M cell 

ậnatom v 2: 6 6 4 - 6 6 5  
deíìn ilion  2: 664  

M cchanoreceptor, definùion  2: 195 
M eck els diverticulum  

clinical presentation



bow el ob sư u ction  2: 6 3 8 - 6 3 9  
diverticulitis 2: 639  
hem orrhage 2: 638  

dcíinúion  2: 638  
diagnosis 

angiography 2: 6.39 
radionuclide scanning 2: 639  

em bryology 2: 638  
history of study 2: 638  
trcatment

asym ptom atic diverticula 2: 639 — 640  
outcom es 2: 640  
sym ptom atic divcrticula 2: 639  

deíiniúon 3: 5 
M econium , dcRnítion 1: 529; 2: 719  
M econium  ìleus, cvstic Rbrosis 1: 539  
M cdiatiniiis, dcdnition  1 : 222 
M edullarv thyroid carcinom a, deíìn ition  

2: 676
M egacolon, sec aỉso H irchsprungs disease; 

Toxic m egacolon  
deíìn iúon  1: 293, 366, 629; 2: .388, 641  
diflerem ial diagnosis 2: 6 4 3 - 6 4 4  
etiology 2: 6 4 2 - 6 4 3  
evaluation 2: 6 4 3 —644  
trcatmcnt 2: 644  

M egaloblastic anem ia, đelĩn ition  1: 363  
Meig’s syndrom e, definition 1: 114 
M eissners plcxus, sec also Subm ucous 

plexus  
anatom y 1: 702  
íleíin ition 1: 701, 763  

M elanỉn-cuiicentialing horm one, satiety  
signaling 3: 333  

M elanocortins, satiety signaling 3: 3.32 
M elena, definition 2: 604; 3: 5, 557  
MEN, see M ultiple endocrine neoplasia  
M enaquinone, definition 3: 624  
M enetriers cliseast'

clinical presentation 2: 6 4 5 —646  
dcíìnú ion  2: 645  
eũology  2: 645  
pathology 2: 645  
regression 2; 646

6-M ercaplopurinc
Crohn’s diseasc m anagem ent 1: 509, 

5 1 5 - 5 1 6 ,5 2 5  
deRniiion 2: 132 
hyperthyroidism  effects 2: 413  
hypothyroidism  effects 2: 416  
péristalsis; 3: 16 4 —165 
substance p role 3: 4 7 5 —476  
ulcerative colitis m anagem ent 1: 385, 

393, 406  
M esalamine, delĩn ition 1: 385  
M esem eric ischem ia, see also Intestinal 

inlarctíon  
acute

m esentcric artery em bolism  2: 447 , 
4 5 0 -4 5 1

m esenieric arterv throm bosis 2: 447,
451

m esenteric venous throm bosis 2: 447,
452

non-occlusivx  m escnteric Ịschcmìa
2: 447 , 452  

chronic disease diagnosis 2: 453  
M esocaval shunt, definition 1: 230  
M esoderm , deíìn ition  1: 549  
M esothelium , definú ion  3: 168, 458  
M essenger RNA, deíin ition  2: 501 
M eta-analysis, deRnition 1: 457  
M etacercaria, deíĩn ition  3: 523  
M etachrom asia, definition  2: 627  
M etachronous neoplasia, detiniũon  1: 457  
M etaplasia, definition 1: 653, 725 , 738;

2: 116, 668 
M etlorrain, diabet.cs m anagem ent 

1: 5 5 6 - 5 5 7  
M eih oư exale , C rohn’s disease

m anagem cnt 1: 509, 516, 525  
M ethylm aloníc acid, deR niùon 1: 363  
M ethylraercury, food contam ination  

2: 6 4 - 6 5  
MHC, see Mạjor histocom patibility  

com plex
M icelle, deRnition 1: 176, 192, 343; 2: 23, 

754  
M icrobubble 

deíin ition  3: 543
liver ultrasonography 3: 5 4 8 —549  

M icroílora, gut, see also Bacterial 
overgrow th; speáfic ơrganisms 

beneficial organism s 2: 649  
co lon ization  2: 6 4 8 —649  
identiR caúon techniques 2: 6 4 7 - 6 4 8  
species by site 2: 648  

M icroham artoma  
deíìn ition  2: 522  
liver 2: 525  

M icrosatellite, definition  2: 579  
M icrosom al triglyccride transíer protein  

(MTTP) 
deíin ition  2: 501  
Hpoprotein assem bly 2: 503  

M icrosom e
deíìn ition  1 : 28
ethanol-ox id izin g  system  1: 3 0 —31 

M icrovilli, deíin ition  1: 322; 3. 140  
M id-arm m uscle circum íerence (M AM C), 

definition  2: 606  
M igraúng m otor coraplex (M M C) 

activity front 2: 651 
cycling 1: 224
definition  1: 224, 636; 2: 132, 6 5 0 , 659;

3: 177, 222 , 226 , 397  
duodenal m otility 1: 6 3 7 - 6 3 9  
íunctional sign iíicance 2: 652  
meal inhibition  2: 651 
m otilin  regulation 2: 661

phases 2: 132, 6 5 1 , 661 
sm all in iestinal m otilily  3: 397  

M ilk intolcrance, d eíin ition  1: 268  
M inerals, see also speáfic mincrals 

D ietary relerence in takes 1: 614 , 616 
digestion  1 : 62 8  

M inim ally invasive surgery, see also 
Laparoscopy  

advantages and lim itation s 2: 653  — 654  
C ro h n s dísease 2: 658  
esophageal surgery 2: 656  
gasíric surgery 2: 6 5 6 —657  

M iracidium , d eíĩn ition  3: 523  
M irizzi syndrom c  

d elĩn ition  ]: 32 6  
gallston es 1: 333  

M issense m utation, dcfìn ition  2: 8.3 
M itochonđria , detìn ition  1: 28  
M itogcn-activatcd  protcin  k inase (M APK), 

dcfinition  3: 534  
M M C, see M ìgratìng m olor com p lex  
M OF, see M ultip le-organ Tailure 
M olting, detìn iú on  2: 692  
M onogean , d etin iú on  3: 523  
M onosynaptic spinal refìex, detìn iú on  

3: 164
M o n oxen ou s, defìn ition  1: 527  
M orgagni hernia, íeaturcs and  

m anagem ent 1: 565  — 566  
M otilin

Central nervous system  h o m o lo g s 2: 66.3
clin ical utility  2: 663
d elĩn iù o n  3: 397
discovery 2: 659
pharm acological action  2: 661
ph ysio log ica l role 2: 661
receptors 2: 6 6 0 - 6 6 1
releasc regulation 2: 662
structure 2: 6 6 0 - 6 6 ]

M olility , see Basic electrical rhvthm;
C olon ic  m otility; D uodenal m oúlíty; 
Gastric em ptying; Gastric m otility; 
Ileal brake; Ileus; M igrating n iotor  
com plex; Postprandial m otility;
Pow er propu lsion; Small intestinal 
m otilìty  

M otor neuron
co lo n ic  con traction  regulation  

1: 4 2 7 - 4 2 9  
defin ition  1: 425
enteric inh ib itory m otor neurons 1: 630  

MRCP, see M agnetic resonance  
cholangiopancreatography  

MRI, see M agnetic resonance im aging  
M TTP, see M icrosom al tríglyceride transfer 

protein  
M ucin , d elĩn ition  1: 176  
M ucosa

deR nition 1: 655; 2: 219; 3: 199, 404 , 
566



M ucosa (< '.mlịnnrà) 
esophagus 1: 763  
restitution 3: 466  
sm all in testine

architecture 3: 406  
lam ina propria 3: 40 7  
m uscularis m ucosa 3: 407  
v illu s vascular pattcrn 3: 407  

stom ach
antrum  3: 461 
bođy 3: 460  
cell types 3: 4 6 0 - 4 6 1  
fundus 3: 460  
layers 3: 459  
m orphology  3: 4 5 9 —460  

M ucosa-associated  lym phoid  tissue 
(MALT)

B cells 2: 665  
d eíìn in o n  2: 664  

M ucosa-associated  lym phoid  tissue 
(MALT)

innate versus acquired im m unity 2: 664 
in tesúnal cpithelial ce lls  2: 6 6 5 -  667 
T cells 2: 6 6 6 —667  

M ucosa-associated lym phoid  tissue 
lym phom a  

clin ical featurcs 2: 577  
d efin ition  2: 576, 6Ô8 
treatm ent 2: 5 7 7 - 5 7 8  

M ucosal b iopsy  
co lorectal b iopsy

co llagen ou s co liú s 2: 6 7 4 - 6 7 5  
im m u n olog ic  d íscascs 2: 67-1 
in ĩec tio n  2: 673  
iníìam m atory b ow el disease  

2: 6 7 3 - 6 7 4  
ischem ic  disease 2: 673  
norm al m ucosa 2: 6 7 2 —673  
p olyp s 2: 675
pseudom em branous colitis 2: 673  
tum ors 2: 675  

d u od en um
du od en itis 2: 6 7 1 —672  
m alabsorptive disorders 2: 672  
norm al m ucosa 2: 671  
tum ors 2: 672  

esophagus
esophagitis 2: 669  
norm al m ucosa 2: 669  
reílux lesion s 2: 669  
tum ors 2: 669  

ileum
ile ítis 2: 672  
uorm al m ucosa 2: 672  
tum ors 2: 672  

injurv induction  2: 669  
stom ach

acute gastritis 2: 670  
chron ic gastritis 2: 6 7 0 —671 
hypertrophy and hyperplasia 2: 671

normal m ucosa 2: 670  
pepũc ulcer 2: 671 
polyps 2: 671 
tumors 2: 671 

technique 2: 6 6 8 —669  
M ucus cell 

dcíìniúon 3: 313, 318  
salivary gland h islo logy  3: 315 — 316  

Multiacinar necrosis, defm ition 1 : 121 
M ultiorgan iailurc, defin iũon 3: 516  
M ultiple endocrine neoplasia (M EN) 

clinical íeatures
type ] 2: 1 4 - 1 5 ,  676  
type 2 2: 6 7 6 - 6 7 7  

deíìnition 2: 410
gastrinoma in lype 1 2: 173—174, 175, 

179
genetic testing 2: 677  
hyperparathyroidism association  

2: 411  
tumors

gasirinom as 2: 6 7 7 —678  
im aging 2: 679  — 680  
ìnsulinom a 2: 6 7 8 —679  
pancreatic endocrine tum ors 

2: 6 7 7 - 6 7 9  
Multiplc-organ íailure (M O F), growth  

factor thcrapy 2: 256  
M ùnchausen by proxy syndrom c  

clinical íeatures 2: 682  
deRniúon 2: 681  
diagnosis 2: 682  
ireatment 2: 682  

Mijnc'hausen’s syndrom c  
clinical íeatures 2: 681 
definition 2: 681  
diagnosis 2: 681  
treatment 2: 681  

M uscularis externa, defm iúon 3: 404  
M uscularis propria, lesions 3: 4 7 1 —472  
M utagenic, definitíon 2: 88 
Mycobacterial in íection , acquircd

im m unodeR ciencv syndrom e 1: 17 
Mycobactcrium avium com piex  

delĩnition 2: 683
gastrointestinal involvem em  2: 684  
management 2: 684  

Mycobacteiium tubercuiosis 
deíìnition 2; 683  
diagnosis 2: 683  
epidem iologv 2: 683  
gastrointestinal involvem ent 2: 683  
m anagem ent 2: 6 8 3 —684  

M venteric plexus 
anatoray 1: 702
deSniúon  1: 322, 636, 701, 763;

3: 474
Myocardíal infarction, definiiion  1: 295  
Mvocardial ischem ia, deíìn ition  ]: 293  
M yoclonus. defíniúon 2: 38fi

M yoepithelial cell 
deíìn itìon  3: 313 , .318 
salivary gland h istology 3: 316, 319  

M vxedem a, see a!so H vpothyroidism  
deRnition 1 :1 1 4

N
Nardi test, sphincter of oddi dysíunctíon  

3: 436
N asogaslric tube, deíĩn ition  1: 81 
Natural killer cell

ĩunctions 2: 5 7 0 —571 
gastroinlestinal distribution 2: 5 7 3 —574  
hom ing 2: 574  
origins 2: 5 7 0 -5 7 1  

Nalural resistance-associaled niacrophage 
proleins, deíin ition  3: 502  

Nausea, see also Em esis 
detiniúon 2: 685
electrogastrography in pregnancy 1: 667  
em esis relaùonship  2: 685  
eriology ]: 673
physiological changes 2: 6 8 6 —687  
serotonin  targeting in m anagem ent 

3: 3 4 8 —349  
subjecùve expericnce 2: 686 
survival role 2: 6 8 5 —686  
threshold factors

inherenl 1'actors 2: 686 
situational lactors 2: 686 

NEC, sec N ecroũzin g  enterocolitis  
N ecrosis, deR nùion 1: 25 
Ntícroúzing en icroco litis (NEC) 

clin ical íeatures 2: 690  
dcRnition 3: 194  
ep idem iology 2: 688 
grow th factor therapy 2: 255  
pathogcncsis 

bacteria 2: 689  
entcral íeed ing 2: 6 8 8 —689  
h o sl íactors 2: 689  
ischcm ia 2: 689  

pathologic Rndings 2: 688 
prevention 2: 691 
prognosis 2: 691 
risk factors 2: 688 
treatment 2: 6 9 0 —691  

N em atodes, see also H elm inlh  
Ascaris lumbricoídes 2: 692  
Entẽrobius vermicularis 2: 694  
hookw orm s 2: 693  
strongyloidiasis 2: 6 9 4 —695  
Trkhinella 2: 695  
T richuris tn c h iu ra  2: 694 

NeO angiogenesis, definition ]: 256  
Neonatal biliary atresiạ, SỄC Biliary atrcsìa 
Neonatal  cholestasis ,  sệẹ Choles tas is  
Neonatal hem ochrom atosis (NH) 

associatcd cond itions 2: 7 0 7 - 7 0 8  
clinica! prescnm tion 2: 707



d eíin ition  2: 707  
diagnosis 2: 709  
diííerentiạl d iagnosis 2: 710 
genetics 2: 708
iron m etabolism  and pathogenesis  

2: 7 0 8 - 7 0 9  
liver histology 2: 7 0 9 —711  
prognosis 2: 711 
treatment 2: 711 

N eonatal hyperbilirubinem ia, se e ja u n d ice  
N eonatal in testinal obstruction, see  a ỉs o  

Malrotation; V olvulus  
clinical presentation  2: 7 1 9 —720  
cliagnosis 2: 720  
etiology classification  2: 720  
pathophysio logy 2: 720  
treatment 2: 720  

N eonatal trachcoesophageal anom alies, see 
Esophageal atresia;
T racheoesophageal íìstula  

N eoplasia, d efìn ition  3: 293  
N eoplasm , đ eíin ition  3: 199 
N estin , d eíin ition  2: 234  
N et\vork, d eíin ition  3: 180  
N eural crest, d eíìn ition  2: 234  
Neural crest cell, d eíìn ition  2: 495  
N eurodegenerative disease  

deữ nition  1: 561 
treaim ent 1: 563  

N eụrocndocrinc system , deíìn ition  3: 346  
N euroendocrine turaor, d eíìn ition  2: 172; 

3: 3 4 6
Neụroíibromatosiã type I, ícaiures 2: 14 
Neurogastroenterology, scope o f field 2: 725  
N euroỉeptics 

deíìn ition  1: 382  
driig-inđucecl colitís 1: 3 8 .3 -3 8 4  

N eurolysis  
dcfinition  3: 101 
pain m anagem ent 3: 108  

N eurom edin  B, deíìn ition  2: 179  
Neuromodụlator, definition 2: 726 
N europepticle, deíỉn ition  3: 3 2 9  
N europeptỉde Y (NPY) 

bioỉogical actions 3: 83  
dìscovery 3: 78  
gene structure 3: 82  
receptors 3: 82  
satiety signaling 3: 332  
structure 3: 78  
tissue distribution 3: 82  

N eurotensin
biological activity

gastrointestinal secretions  
2: 7 2 8 - 7 2 9  

grovvth 2: 729  
m otility  2: 729  
overview  2: 728  

d iscove íy  2: 726  
gene 2: 7 2 6 - 7 2 7

pathology 2: 7 2 9 - 7 3 0  
receptors 2: 7 2 7 - 7 2 8 ,  730  
secretion  2: 727  
sp lice variants 2: 727  
structure 2: 726 
tissue d istribution 2: 726  

N êurotransm itter, deH nition 2: 105;
3: 172, 329  

N eutropenia, deíìn ition  1: 265  
NF-B, see N uclear factor-B  
NH, see Neonatal hemochromatosis 
NHL, see Non-Hodgkin'S lym phom a  
N iacin , see Vitam in B3 
Nicoúnic acid, see Vitamin B3 
N issen  íundop lication

gastroesophageal reflux disease 1: 749  
hiatal hernia 2: 3 8 5 - 3 8 6  
laparoscopy 2: 493  

N itric ox id e (N O ) 
definition  2: 145, 731; 3: 604  
hepatic circulation regulation 2: 3 0 0 —301 
intestinal in ílam m ation role 2: 731  
peroxynitrite ĩorm ation 2: 732  
synthases 2: 7 3 1 —732  

N itrogen balance, deíin ition  2: 6 0 6  
NO, see N itric ox id e  
N ocicep tion , defin ition  3: 262  
N ociceptor, deíìn ition  1: 295; 3: 339  
N octuria, d efìn itỉon  3: 264  
N od ose ganglia, defin ition  3: 339  
N on alcoh olic  fatLy liver d isease, see Fatty 

Iiver d isease  
N o n -H od gk iiỉs lym phom a (NHL) 

acquired im m unodeficiency syndrom e  
2: 577

acquired iram unodeficiency syndrom e  
hepatic m anifestations X: 1 8 —19 

clin ical íeatures 2: 576  
course 2: 576  
treattnent 2: 5 7 6 - 5 7 7  

N onsteroidal anti-ỉnQamm atory clrugs 
(NSAIDs) 

adverse effects 
c o lo n  2: 748
cyclooxygenase-dependent tox icity  

2: 7 4 4 - 7 4 5  
cyclooxygenase-indepencỉent tox icity  

2: 744  
overview  2: 739  
sm all in testìne 2: 748  

classiíìcation  2: 737  
clin ical uses  

arthritis 2: 7 3 8 - 7 3 9  
fever 2: 738  
pain 2: 738  

cũlonic ulcer induction 1: 443 
colorectal cancer ch em oprevention  

1: 4 6 4 - 4 6 5 ,  467  
c y đ o o x y g e n a se  in h ib itio n  1: 112 
cyđ o o x y g en a se -2  inhibitors 2: 747

d eíìn itio n  1: 111, 382 , 645; 2: 157, 395 , 
744

d rug-indụced  co litis 1; 384  
duodenal ưlcer association  1: 6 4 6 —647 , 

651
erosive and hem orrhagic gastritis 1: 737
esophageal u lcers 1: 761
history o f  use 2: 737
m echan ism  o f action  2: 7 3 7 —738
nítric oxide-releasing  drugs 2: 7 4 7 —748
p eptic  u lcer role 2: 158, 160
pharm acology 2: 738
phosp h ờ lip id  drugs 2: 748
system ic e ĩíects 2: 158
therapy m odiíìcation  in  upper

gastrointestinal b leed in g  3: 564  
topical effects 2: 158 
ulcers  

risks 2: 747  
treatm ent 2: 747  

Nontyphoiđal Saỉmonella (NTS), deíinition 
2: 51

N on-ulcẹr dyspepsiạ, see F unctional 
dyspepsia  

/Vorơvirrts, gastroenteritis 2: 1 9 8 —199  
N osocom ial in íection  

antib ịotic-associated  diarrhea 2: 740  
d efin ition  2: 740  
h epatitis B 2: 742  
hepatitis c  2: 742 
in íec tio u s diarrhea 2: 741 
p n eu m on ia  2: 7 4 2 - 7 4 3  
pseudomembranous colitis 2: 740-741 
resistant b ow el ílora 2: 743  
sep sis  related to surgical p rocedures  

2: 7 4 1 - 7 4 2  
types 2: 740  
viral in íectión  

rotavirus 2: 741
sm ail round structured v iru ses 2: 741  

NPY, see Neuropeptiđe Y 
NSAIDs, see N onsteroidal anti- 

in ílam m atory drugs 
NTS, see N ontyphoídal Salmoncỉìa 
N uclear factor-B (N F-B ), d eíìn itio n  3: 325  
Nuclear medicine imaging, see 

Scintigraphy  
N u cleu s am biguous, definition  3: 573  
N u cleu s o f  the tractus solitarius 

d efin ition  3: 573  
vagal afferents 3: 576  

N utcracker esophagus, d eíìn ition  1: 295; 
2 : 621

N utrient transport regulation  
am ino acids 2: 756  
biỊe aciđs 2: 757  
ca lciu m  2: 757  
carbohydrates 2: 7 5 5 —756  
fatty acids 2: 757  
ĩu n ctio n s 2: 754



N utrient transport regulation (continued) 
iron 2: 757
nonspeciR c regulation 2: 755  
patterns 2: 755  
p eptides 2: 757  
phosphate 2: 758  
speciíìc  regulation 2: 755 
vitam ins 2: 758  

N utrition-associated  com plication, 
defin ition  2: 759  

N utritional assessm ent
anthropom etry 2: 6 1 0 - 6 1 1 ,  760, 764  
body com p osũ ion

bioelectrical im pedance analysis 
2: 762  

clin ical ou tcom es 2: 763 
dual energy X-ray absorptiom etry  

2: 762  
im aging 2: 762  
isotope dilution  2: 761 

N utritional assessm ent
w h o le-bod y  countìng/neutron  

activation  2: 762  
body w eigh t and w eight loss 2: 760  
clin ical history 2: 610  
creatin ìn e—height index 2: 611 , 760  
elderly subjects 2: 765, 7 6 8 - 7 6 9  
íun ction al tcsts of m alnutriúon 2: 612 , 

766
im m une com petence 2: 761 
nutrilion-associated  com plications  

2: 759
phvsical exam ination 2: 610  
prealbum in 2: 761
serum  m arkers 2: 6 1 1 —612, 760 — 76] 
subjective global assessm ent 2: 612, 

7 6 3 - 7 6 5
N utritional pancreatitis, d eíìn ition  3: 33

o
O besity, see also Prader-W illi syndrom e  

com p lication s 3: 4 
deím itioH 2: 149; 3: 1 
ep id em ío logy  3: 1 
m orbid 2: 149, 152  
seroton in  targeting in m anagem ent 

3: 348
surgery, see aho Gastric bvpass; Gastric 

stapling  
com p lìcation s 2: 154  
ind ications 2: 1 5 3 - 1 5 4  
tech n iqu es 2: 154  

treatm cnt
behavior iherapv 3: 1 
buproprion 3: 3 
diet

brcast íeed ing eíĩects in adulthood  
3: 2 

calcium  3: 2 
calorics 3: 1 —2

carbohydrate and fiber 3: 2 
fat 3: 2

drug target prospects 3 : 3 —4 
ephedrine and caffeine 3: 3 
exercise 3: 2 —3 
orlistat 3: 3 
overview  2: 151 
sibutram ine 3: 3 
surgery 3: 4 

truncal 2: 733  
w eight loss benetĩts 3: 4 

O bsession. delĩn ition  1: 81 
O ccult gaslroinlestínal b leeding  

clinical presentation 3: 6 
deíin ition  3: 5 
fecal occult blood  

differential d iagnosis 3: 11 — 12  
test types 3: 9 —10 
treatment and outcom e 3: 12 

iron detĩciency anemia
diff'erential diagnosis 3: 1 3 - 1 4  
ep idem iology 3: 12 
treatm enl and outcom e 3: 14 

localization oí’ bleeding 3: 6 —7 
obscure bleeding

differential d iagnosis 3: 7 
evaluation 3: 8 —9 
treatment and outcom e 3: 9 

O ctreotide, definition  2: 172 
ODC, sce O rnithine decarboxylase  
O dynophagia, detìnition 1: 222 , 295 , 738;

3: 566  
Ollầction

lunctions 3: 487
interaction w ith  other scnsory system s 

3: 493
olfactory bulbs and highcr Processing 

3: 492
peripheral organization o f system  3: 491 
receptors and signal transduction  

3: 4 9 1 - 4 9 2  
vom eronasal organ 3: 487 , 4 9 2 - 4 9 3  

Oligoarthritis, definition 3: 600  
O ligohydrairm ios, detin iúon 2: 707  
O m eprazole, sec Proion pum p inhibitors  
O nco-neural antigens, detinilion  3: 120 
O ncogenc

deRnition 1: 256; 3: 58  
tvpes 1: 2 5 7 —258  

O ocysl, dcíĩn ition  3: ì 22 
Open archúecture, definiúon 3: 180  
O pcraùng system , definition  3: 180  
O perculum , d eíin ition  3: 523  
O phthalm oparesis, deRnition 1: 254  
O pioid, definition 3: 262  
O ptokinetic drum, cìefinilion 2: 685  
Oral contraceptives, colon ic ulcer 

induction  1: 443  
O rexigenic, definitjon 1: 110  
O rexins, satiety signaling 3: 333

Organclle, deíìn ition  3: 199
Organic ion transport protein , deíìn ition

1: 192
Oriental cholangiohepatitis  

clin ical leatures 1: 3 0 5 —30 6  
com plications l: 306  
deíìnition 1: 301  
diagnosis 1: 306  
clio logy 1: 306  
m anagem ent l i  3 0 6 —307  
pathogenesis 1: 306  
pathology 1: 3 0 5 - 3 0 6  

Orlistal, obcsity m anagem enl 3: 3 
O rnithine (lecarboxvlase (O D C ) 

inhibitors 3: 2 0 1 - 2 0 2 , 205  
polyam ine synthesis 3: 200  
rcgulation 3: 2 0 0 -2 0 1  

Osler node, detìnition 3: 600  
O sm olyle, deíin iúon  3: 399  
OsmoLÍc diarrhea

d eíin ilion  2: 754; 3: 528  
ctiology 3: 403  

Osteom a, d eíinũ ion  2: 1 
Osteom alacia, definilion  1: 248  
O steopenia, definition 1: 81 , 23 5 , 248, 336  
O steoporosis

definition 1: 81, 235, 248  
ulceralive colitis association 1: .390 

Ostom ate, deíìn ition  1: 473  
Ostom y, definition 1: 473  
Outlet dysíunction  

deíìnition 1: 545
cnicric ncrvous systcm  disorders 1: 546  
expu lsion  force m isdirection 1: 547  
neurologic disordcrs 1: 546  
pclvic Ooor dyssynergia ]: 5 4 6 —547  
uncxplained  rectal d ysĩu n clion  1: 547  
weak expulsion  íorces 1: 547  

O ver-the-counter drugs, see Ạntacids; 
Anti-diarrheal drugs; H ìstam ine-2  
receptor antagonists; Laxalives; 
N onsteroidal anù-in(]am m alory đrugs 

O venvcighl, deíin ition 3: ]
O xidalive siress, deíinition 2: 733  

p

PACAP. x e  Pituiiary adenvlate cyclase- 
actịvaúng peptíde  

PAC.S, see Picture archiving and  
com m unication svstem s  

Pagophagia, deíin ition  3: 178  
Pain, see aịso c h e s t  pain, non-cardiac;

Functional abdom inal pain; Recurrent 
abdom inal pain 

deíin iúon  2: 101; 3: 41, 56Ố 
m anagem ent in pancreatũis 3: 108—109 
postchiilecystcctom v 3: 4 34  

Palliaúon, pancreaũc cancer 3: 4 6 —47 
Pancreas 

agenesis and aplasia 3: 52



ạging eĩíects 1: 7, 679  
Aỉagille synclrome m aniíestaũons 1: 23 
am ylase, sce Am ylase 
amyìoiciosis 1: 67 
anatomy 

blood supp ly  3: 2 7 —28  
duct system 3: 27 
innervation 3: 2 8 —29 
localization  relative to other  

structures 3: 2 5 —26  
lym phatie drainage 3: 28  
parts 3: 26 

annular pancreas 3: .35, 52  
bícarbonate secretion, see Bicarbcnate, 

pancreatic secretion  
circulation  

anatotny 1: 3 5 4  
b lood  flow regulation 1: 354  
portal circu lation  1: 354  

com m on channel syndrom e 3: 52  
com puted tom ography  

acute pancreatitis 1: 4 8 8 —489  
adenocarcinom a 1: 488  
chronic pancreatitis 1: 489  
cystic pancreatic neoplasm  1: 488  
islct cell tum ors 1: 488  

cystic íibrosis m aniíestations  
acutc pancreaỊitis 1: 534  
éndocrine dvsfu n ciion  1: 534  
exocrine dysíunction  and testing  

1: 533  
pathology 1: 5 3 2 - 5 3 3  
Li caliUciil of pancreaùc insuíTiđency 

1: '5 3 3 -5 3 4  
dcvelopm ent

abnorm ạlỉtỉes 3: 32  
celìu lar differentiation 3: 31 
em bryonic anatom y 3: 3 0 —31 
m olecular in íluences 3: 3 1 —32  
overvievv 1: 5 5 1 - 5 5 2 ,  6 7 0 - 6 7 6 ,  679; 

3: 26, 30
digestive enzym es, see also Amylase; 

Partcreatic triglyceride lipase 
classiíìcation 3: 4 9 —50  
regulation o f syn th esis by diet and 

horm ones 3: 4 9 —50  
secretion  regulaùon

ceỉl receptors and signaling  
3; 7 3 - 7 4  

Central nervous system  co n tro l 
3: 7 0 —71 

cholecỵstok in in  3: 7 1 —72  
enteropancreatic neụral reílex 3: 70  
gastrin 3: 72  
glucagon 3: 72
glucagon-like peptide-1 3: 7 2 —73  
Ịnsulin 3: 72
integrative regulation 3: 70 
neưroưansm itter regulation 3: 71 
overview  3: 68 — 70

peptide YY 3: 73  
secreũn  3: 72  
som atostatin  3: 73  
zym ogen granule exocvtosis 3: 74—75 

syn th esis and packaging 3: 49  
endocrine pancreas, see A lpha cells; Be t a 

ceils; G lucagon; lnsu lin; Islets o f  
Langerhans 

exocrine pancreas 
acỉnar portal svstem  1: 7 6 9 - 7 7 0  
acinus architecture and cell íu n ction s  

1: 7 7 2 - 7 7 3  
duct cells 1: 7 7 2 - 7 7 3  
íunctional m orphology  1: 769  
goblet cells 1: 773  
in su ííìc ieiicv

acid supprcssion therapy 1: 775 
cliet m ơdiíìcation  1: 775  
natural h istory 1: 774  
pancreatic enzyme therapy 1: 775 
p ath op h ysio logy  1: 774  

stellate ce lls 1: 773  
íìstulas 2: 41 
íunction tests 

direet tests 3: 107 
gầstroduodenal tubé tests 3: 76 
indirect tests 3: 1 0 6 —107 
laboratory tests 3: 106  
tubelcss tcsts 3: 7 6 —77  

hereditary disorclcrs 
enzym e d eíìc ien c ies 3: 54  
hereditary pancreatitis 3: 5 4 - 5 5  
Jeune sỵndrome 3: 53 — 54 
jo h a n sso n  Blizzard syndrom e 3: 53  
Pearson’s  m arrow —pancreas 

syndrome 3: 53 
Shw achm an-D iam ond syndrom e  

3: 5 2 - 5 3  
heterotopìc pancreas 3: 37 
innervạtion 1: 6 7 7 —678  
m agnetic resonance im aging, see aỉso 

M agnetic resonance  
cholangiopancreatồgraphy  

carcinom a 2: 5 9 3 —595  
cystỉc tum ors 2: 595  
íunctional stu d ies 2: 596  
intraductal papillary m ucinou s  

n eop lasm s 2: 595  
islet cell tum ors 2: 595  
norm al tissue 2: 593  
pancreas d iv isum  2: 593  
pancreatiiis 2: 593  
techn ique 2: 5 9 2 - 5 9 3  

m alnutrition effects 
endocrine pancreas injury 3: 3 4  
m icronutrient d e íìc ien cies 3: 3 4  
protein  d eíìc ien cy  3: 33  

pancreas d iv isum  3: 3 5 - 3 7 ,  51 — 52 
p seudocysts, see Pancreátic p seu d ocysts  
stencing 3: 451

Pancreas d ivisum , features 3: .35 — 37,
51 52  

Pancreaùc cancer
adịuvant therapy 3: 4 7 , 66 
com puted  tom ography  

adenớcarcinom a 1: 488  
cystic pancreatic neoplasm  1: 4 8 8  
islet ceỉl tum ors 1: 4 8 8  

clin ical presentation 3: 43 , 60  
cystic tum ors 

classiíĩcation  3: 9 1 —92  
definition  3: 91
intraductal papillarv m ucinou s tum or  

3: 9 3 - 9 4  
m ucinou s cystic neoplasm s 3: 92  
serous cystadenom a 3: 9 2 —93  

d iagnosis 3: 4 3 - 4 4 ,  6 0 - 6 5  
ep id em io logy  3: 41 , 5 8 —59 
eù o logy  3: 59 
íam ilial 2: 1 7 —18 
gene m utations 3: 4 2 , 48 , 60  
necadịuvant therạpy 3: 47  
palliative therapv 3: 4 6 —47  
pathology 3: 4 2 - 4 3 ,  59 
prognosis 3: 5 8 —59 
prospects for treatm ent 3: 4 7 —4 8  
psvchíatric com orbid ity 3: 266  
Sérum m arkers 3: 4 4 —4 5 , 61 
sm oking  risks 3: 420  
so lid  non-adenocarcịnom a lum ors  

3: 94
staging 1: 686; 3: 4 3 —45 , 6 1 —65  
surgical treatm ent 3: 4 5 —46, 6 5 —66  
ultrasonography 3: 44 , 61 , 552  

Pancreatic d u c t, deÍLnition 2: 88 
Pancreatic insu ííìc iency

acid  suppressiơn therapy 1: 775  
causes 2: 600 
defm ition  3: 51 
diet m odiíìcatíon  1: 775  
natural history 1: 774  
pancreatic enzyme therapy 1: 775 
p athophysio logy 1: 774  

Pancreatic polypeptide (PP) 
biological actions 3: 79—80 
discovery 3: 78  
gene structure 3: 79  
receptors 3: 79  
release m echanism s 3: 79  
structure 3: 78 
tissue d istribution  3: 78  

Pancreatic pseudocysts 
d eíìn ition  3: 95  
diagnosis 3: 84 
m anageraent 3: 8 4 —85  
m anagem ent in pancreatitis 3: 1 0 9 —110  
presentation 3: 84  

Pancreatic rest 
de& nition 3: 4 6 8  
ĩeatures 3: 471



Pancreaúc stellate cell 
d eíìn iú o n  1: 769  
íu n ction  1: 773  

Pancreatic transplantaúon  
contraìndications 3: 8 6 —87 
d onors 3: 87
historical perspective 3: 86 
im m unosuppression  3: 88 
in d ication s 3: 8 6 —87 
íslet transplantation 3: 88 
ou tcom es 3: 88 
rccip ient evaluation 3: 87  
surgery 3: 8 7 - 8 8  

Pancreatic ư iglyceride lipase (PTL) 
exp ression  3: 89  
lip o lysis 3: 90  
structure 3: 90  

P ancreaticoduodenectom y, see alst) 
w h ip p lc  operation  

d eíin ition  3: 41 
pancreatic cancer 3: 65 

Pancreatitis
com puted  tom ography

acutc pancreaútis 1: 4 8 8 - 4 8 9  
chronic pancrcatitis 1: 489  

deĩin ition  1: 305; 3: 115 
experim ental m odels 

invasive m odels
closed  duodenal loop  3: 1 I 3 
d u ct ligation/obstruction m odels 

3: 1 1 3 - 1 1 4  
overview  3: 1 12—113 
relrogradc ductal in ịection  and  

prograde períusion  3: 113 
noninvasive m odels

arginine induction  3: 112 
diet induction  3: ] 12 
im m une inducúon  3: 112 
secratagogue induction 3: 111 — 112 

ÍI1 vi tro m odel 3: 114 
gallstone pancreatitis, sec G allstones 
hypcrparathyroidism  association 2: 411 
m etabolic pancreatitis in children  

hypercalcem ia 3: 119 
hyperlip ídem ia 3: 119 

pregnancy 3: 233
recurrent, sphincter ol o d d i dysíunction  

3: 4 4 0 - 4 4 1  
Pancreatitis, acute 

b lood  tests 3: 97 
cỵsúc (ibrosis 1: 534  
deíìn ition  3: 51, 95 , 111 
etio logv  3: 95
experim cntal m odels, see Pancreatitis 
im aging 3: 98
lvm phatic pathophvsiologv 2: 569  
m anagem ent

initial treatm em  3. 9 8 -9 9  
la te Ireatmcnt o f Com plications 3: 99 

p athology 3: 95

pcdiatric
clinical íeatures 3: 5 5 —56  
diagnosis 3: 56 
etiology 3: 5 5 - 5 6 ,  1 1 7 - 1 1 8  
incidence 3; 55, 118  
m anagem ent 3: 57, 118  

physical exam ination 3: 97  
prognosis 3: 98  
sepsis postpancreatitis 2: 742  
sym ptom s 3: 97
ultrasonography 3: 105, 5 5 2 —554  

Pancreatũis, chronic, see also Pancrcatic 
insufficiency  

definiúon  3: 51, 76 
endoscopic ultrasonography 1: 775  
pedìaư ic

diagnosis 3: 57 
eú ology  3: 57, 118  
incidence 3: 118 
m anagem cnt 3: 57 

Pancreatitis, hereditary 
causes 3: 115 — 116  
clinical features 3: 115 
com plications 3: 118  
deBnition 3: 115 
diagnosis 3: 116 
features 3: 5 4 - 5 5  
treatment 3: 11.6, 1 1 8 - 1 1 9  

Paneth cell, definit.ion ]: 725  
Pantothenic acid, íu n ction s and uptake 

3: 637
Papillary stenosis, dcíìn ition  1: 8 
Paraccllular transpori, dcfin ition  3: 399 
Paracrine, definition 2: 105, 257, 726  
Paralytic ileus, sec lleu s  
Paraneoplastic syndrom e

anli-neuronal antibodies 3: 120 -121 
clinical featurẹs 3: 120 
deRnition 1: 629  

Pararenal aorlic aneurysm . detinilion 1: 1 
Parasite, deRnition 3: 122  
Parasitic diseases, sec also specific diseases 

and parasites 
helm inth species 3: 1 2 5 - 1 2 6 ,

1 2 8 -1 3 0  
polyam ine roles 3: 205  
protozoan species 3: 1 2 2 —123, 

1 2 6 -1 2 8
T helper cell responses 3: 4 9 6 - 4 9 7  

Parasym pthetic innervation  
dorsal vagal com p lex  3: 131 
(unction 3: 132 
neurons 3: 131 

Paravertebral ganglia, deíin ition  3: 484  
Parenchymal exú n ction  

cirrhosis 1: 356  
definition 1: 356  

Parenteral nutrition  
adm inistraúon 3: 135 
Central ven o u s  cathcterization  3: 134

com plications
Catheter com plications 3: 135 
mcchanical com plicatíons 3: 137 
m ctabolic com p lication s 3: 137 

đefìniLion 3: 132  
efficatey 3: 139 
historv of study 3: 132  
hom e parenteral nutrition 3: 1 3 8 —139 
indications 3: 133
interventional radiology and fccding  

tubc m anipulation 3: 289  
intestinal ĩailure 3: 390  
m onitoring 3: 135  
peripheral vein nutrition  3: 135 
prospccts 3: 139 
requirements 

energy 3: 133 
m inerals 3: 134 
protein 3: 133 
vitam ins 3: 134 

short bowel syndrom e 3: 366 — 368  
solu tions 3: 134  

Parenteral transTTŨssion, definiúon  2: 311 
Parietal cell, íe c  a lso  G as tr ic  acid se c re ú o n  

aeid secretion
ion transport activities 3: 1 4 1 -1 4 2  
m orphological changes 3: 141 
signaling pathvvays in regulalion  

3: 1 4 2 -1 4 4  
deíin iúon  ]: 725; 2: 125 
gastric ãcid secretion 2: 125 
location 3: 140
proton/potâssium ATPasc, sce Gastric 

proton/potassium  ATPase 
reccptor-m ediated responses  

2: 1 1 2 -1 1 3  
structure 3: 1 4 0 —141 

Paroúd glands, see also Salivary glands 
hyperưophy 1: 235  

Pathergy, deíìn ition  1: 169 
Pathogcnicity island, deR nítion 3: 357  
PBC. sre Primary biliary círrhosis 
PCBs, see Polychlorinated biphenyls 
PCS, see P ostpolypectom y coagulation  

syndrom e
PDGF, sec plalelet-cỉerived growth factor 
PDS, sce Poslpolypectom y d istension  

syndrom e
Pcarson’s m arrow—pancrcas syndrom e, 

ĩeatures 3: 53 
PEG, see Pcrcutaneous end oscop ic  

gastrostom y 
PEJ, see Percutancous en doscop ic  

jejunoscopv  
Peliosis hepatiús 

definition 2: 522  
fealurcs 2: 525  

Pelvic tloor dyssyncrgia
definition 1: 499 , 545: 2: 467  
features 1: 5 4 6 - 5 4 7



Penetrance, deíìn ition  2: 1 
Penetrating inịury, d eíìn ition  3: 516  
P epsigogue, d eíìn iiio n  1: 299  
Pepsin

actions 3: 148  
activation 3: 147 
assay 3: 1 4 7 - 1 4 8  
deíĩn ition 1: 88; 3: 147, 4 5 8  
history of study 3: 147  
structure 3: 147  

Pepsinogcn  
ch ief cell secretion  1: 2 9 9 —300  
detìnition 1: 299; 3: 147 

Peptic ulcer, sec aỉso Helicóbacter pỵỉori; 
M arginal u lcer 

causes
genetic suscep tib ility  2: 159  
Hclicobacter pyỉorỉ 2: 1 5 8 - 1 5 9  
lunứnal acid 2: 158  
nonsteroidal anti-inflam m atory drugs 

2: 158, 160  
sm oking 2: 159  
stress 2: 159  

clin ical presentation  2 : 160  
com plications

gastric outlet ob stru ction  2: 1 6 0 -1 6 1  
hcm orrhage 2: 160  
períbration 2: 160  

d ehnition  2: 165, 395; 3: 172  
diagnosis 2: 160 
epidem iology 2: 1 5 9 —160  
gastreciom y 2: 103 

p s tr in  Itìlc 2: 169 
Heỉicobạcter pylơri ro le  2: 275  
hyperparáthyroidism  association  2: 411  
m anagem ent

acid  suppression  2: 161  
gastric outlet obstruction  2: 161 
hem orrhage 2: 161 
m ucosal d eíen se-p rom otin g  drugs 

2: 161 
períoration 2: 161 

pathophysio logy 2: 1 5 7 —158  
pediatric Heỉỉcobacter pylori in íec tio n  

diagnosis 2: 1 9 1 - 1 9 2  
eradication 2: 1 9 2 —193  
gasiritis 2: 1 8 8 - 1 8 9  
im m une response 2: 1 8 9 —191 
pathogenesis 2: 189  
ulceration 2: 1 8 8 - 1 8 9  
vaccination 2: 193  

períoration 3: 161 
pharm acotherapy 3: 1 7 2 —173  
psychiatric com orb id ity  3: 2 6 5 —266  
recurrence prevention

Helicobacter pylori eradication  
2: 1 6 1 - 1 6 2  

nonsteroidal anti-inflam m atory drug  
users 2: 162  

sm oking risks 2: 159; 3: 4 1 8 - 4 1 9

surgery
com plications 2: 153  
ind ications 2: 152, 161 
proxim al vagotom y 2: 153  
truncal vagotom y 2: 1 5 2 —153  

Peptides 
d eíìn ition  3: 329  
transport regulation 2: 757  
transport system s 1: 626; 3: 248  

Peptide YY (PYY) 
biological actions 3: 8 1 —82  
definitiơn 2: 419  
discovery 3: 78  
gene structure 3: 80  
pancreatic enzym e secretion  regulation  

3: 73 
receptors 3: 81  
release mechanisms 3: 80—81 
satiety signaling 3: 331  
structure 3: 78  
tissue d istribution 3: 80  

Percutaneous cholecystostom y,
interventional radiology 3: 290  

Percutaneous drainagẹ 
approaches 3: 149 
catheter com p lication s 3: 150  
clin ical trials 3: 150  
điagnostic aspiration 3: 149 
drain care and in spection  3: 150  
guidance 3: 149  
ind ications 3: 149 
interventionaỉ radiology 3: 292  
Seldinger technique 3: 149 
tạnđem -trocar technique 3: 149  

Percutaneous en d oscop ic  gastrostom y  
(PEG)

advantages over surgical gastrostom y  
3: 151 

complícatiồns 1: 693 
complications 3: 153 
contraindications 3: 151 — 152  
definition 1: 690 
eth ics 3: 153  
ind ications 3: 151 
interventional radiology 3: 289  
m ortality 3: 153  
tube insertion  3: 1 5 2 - 1 5 3  

Percutaneous en d oscop ic  jeju n oscop y  
(PEJ), tube in sertiọn  3: 1 5 2 —153 

Percutaneous transhepatic biliary drainage, 
in terventional radiology 1: 95  

Percutaneous transhepatic 
cholangiography (PTC) 

bile duct leaks 3: 1 5 7 —159 
biliary atresia 3: 156  
biliary fistula 1 : 186  
cholangiocarcinom a 1; 302  
ch oledochal cysts 3: 156  
com plications 3: 155  
d eíìn ition  2: 285; 3: 154

gallstones 1: 326; 3: 157  
ind ications 3: 154
interventional radiology 3: 2 9 0  291  
preprocedure w orkup 3: 1 5 4 - 1 5 5  
prim arỵ sclerosing cholangitis 1: 312;

3: 1 5 6 - 1 5 7  
technique 3: 155  

Períoration  
acute andom en  etío log ies and evaluation  

3: 160 
appendicitis 3: 162  
deíìnition 3: 160 
diverticulitis 3: 162—163 
dụodenal u lcer 3: 161 — 162  
esophagus 3: 1 6 0 —161 
gastric u lcer 3: 161 

Pericardiris, constrictive 1: 114  
Perineal proctectom y, defìn ition  1: 3 7 4  
Períneum , deím ition  3: 371  
Perinuclear anti-neutrophiỉ cytop lasm ic  

antibody, d eíĩn ition  1: 5 0 9  
Peristaltic propulsion, mechanisms 3: 164 
Peristaltic reílex, definition 1: 636 
Peristaltic reílex, íeatures 3: 1 6 4 —165  
Peritoneal lavage, d eíìn ition  3: 5 1 6  
Peritoneal m esotheliom a  

clinical íeatures 3: 167 
deíìnition 3: 166 
manageraent 3: 167 

Peritoneum  
anatom y and functỉon  3: 169  
definition  1: 104; 2: 90; 3: 168  
d evelop m en i 3: 168  
scintigraphy 2: 753  

Peritonitis 
deíìnition 3: 166 
íungal 2: 81 
primary 3: 166  
secondary 3: 1 6 6 —167  

Pernicious anemia 
cobalamin deficiency 3: 171 
complications 3: 171 
deíìn itíon  1: 363; 2: 223; 3: 458  
diagnosis 3: 171 
m anagem ent 3: 171 
pathogenesis 3: 170  

P eroxisom e, deíìn ition  1: 28  
P eroxisom e proliíerator-activated

receptors (PPARs), d eíìn ition  1: 99  
P eroxynitrite, íorm ation  2: 7 3 2  
Peutz-Jeghers syndrom e 

cancer screen ing 2: 12 
clin ical íeatures 2: 12, 267  
d eíìn ition  2: 90; 3: 409  
gen etics 2: 12, 2 6 7 —268  
in cid en ce 2: 267  
m anagem ent 2: 12 

Peyer’s patch
d eíìn ition  2: 5 7 0 , 664; 3: 4 0 4  
M cells 2: 6 6 4 —665



Peyer’s patch (continued') 
sm all in tesúne 3: 408  
structure 2: 5 7 3 - 5 7 4 ,  664  

Phage, deíin ition  1: 334  
pharm acogenetics, deíin ition  2: 354  
Pharm acokinetics, definition  2: 395  
Pharm acology, overview  3: 1 7 2 —176  
Pharm acovigilance, definition  2: 354  
pharynx, barium  radiography  

applications 1: 1 4 2 - 1 4 3  
contraindications 1: 143  
techniquc 1: 143  

Pherom one, deíin ition  3: 487  
Phosphatc, transport regulation 2: 758  
Phosphatidylcholine

bile coraposition  1 : 180 — 181 
definition  1: 176  

Phospholipase  
deíin ition  2: 23 
fat d igestion  2: 2 4 - 2 5  

P hospholip ids, synthesís 2: 95 
Phrenic nerve, d eíin ition  2; 386  
Phrygian cap, definition  2: 530  
Phylloquinone, deíin ition  3: 624  
Physiologíc ileus, see Ileus 
PI, see Pneum atosis intestinalis 
Pìca

deíĩnU ion 3: 178  
evaluation 3: 178  
history o f study 3: 178  
treatm ent 3: 179 

Picture archiving and com m unication  
system s (PACS) 

ađvantages 3: 185 — 188 
archive 3: 184
cross-sectional m odalities 3: 187 — 188  
definition  3: 18 L 
íluoroscopy 3: 1 8 6 —187  
historical pcrspectìve 3: 181 
input 3; 183 — 184  
output 3: 1 8 4 —185 
prospccls 3: 188 
requirem ents 3: 181 — 183 
\vorkflow  schem a 3: 185 

Pigbel, deR nilion 2: 59 
Pillus, deíĩn ition  1: 334  
Pilocarpine, d eíìn ition  3: 384  
Pìns, see Poreign body ingestion  
Pinworra, clin ical íeatures and 

m anagem ent 2: 694  
Pituitary adenvlaté cyclase-activating  

peptide (PACAP) 
biological actions

cardiovascutar svstem  3: 192 
Centra l  nervous system  3: 191 
endocrine organs 3: 192 
gastroim estinal tract 3: 1^2 
im m unẹ systern 3: 193 
respíratorv organs 3: 192 
tum ors 3: 193

deíĩnition 1: 707; 2: 392  
discovery 3: 189 
PẠC1 rcceptor 

localìzaúon 3: 191 
splìce variants 3: 1 9 0 -1 9 1  
structure 3: 190  

structure 3: 189 
tissue distribution 3: 190 

Pituitary gland, detiniũon  2: 257  
Pixel, deiìnuion  3: 180 
Placebo, deíin ition 1: 476  
Plalelet-derived growth factor (PDGF) 

íuncúons 2: 252  
isolorm s 2: 252 

Plexus, definition 3: 458  
Plummer-Vinson syndrome, definition 2: 211 
Pneum atosis, deíin ition  1: 449  
Pneum atosis coli, deíin ition  3: 371 
Pm eum atosis cystoides intestinalis, 

íeatures 2: 15 
Pneum atosis ín lestinalis (P l) 

defm ìtion 3: 194 
diagnosis

adults 3: 196 
children 3: 1 9 7 -1 9 8  

gastrointestinal cond ition  assóciation  
3: 195

pathogenesis 3: 1 9 4 -1 9 5  
pathology 3: 195 
pulmonary cond ilion  associai.ion  

3: 1 9 4 -1 9 5  
signs and sym ptom s 3: 1Q6 

Pneumonia, nosocomial inícction 2: 7 4 2 -7 4 3  
Pneum operitoneum , definition 1: 317;

2: 487 , 653; 3: 194 
Poínt m utation, deũnition  2: 83  
Polyaraincs

discoverv 3: 1 9 9 —200  
functions

cell growth 3: 202, 203  
cell tnigration 3: 20-3 
cytoskelctal m aintenance 3: 202  

ornithine decarboxylase synthesis  
inbibitors 3: 201 — 202 , 205  
overvievv 3: 200  
regulaúon 3: 2 0 0 -  201 

pathology 
aging 3: 205 
cancer 3: 2 0 3 —205  
gasư oin tesũnal im m une systcm  

diseases 3: 205  
parasitic in fecúon 3: 205  

species distribution 3: 200  
strucuires 3: 200  

Polvchlorinatcd b iphenyls (PCBs) 
deíìn ition  2: 63 
food contam ination 2: 65  

Polvcvstic liver diseạse 
deíìn ition 2: 522  
leatures 2: 524

P olyhydram nios, dctìnilion  2: 707, 719  
Polym erasS chain reacúon, dcfinition  

3: 499
Polvm orphism . definition 2: 34 
P olvm orphonuclear leukocyte, delĩn ition  

1: 25
Polyp, see aỉso A denom atous polvp; 

C olorectal polyps; Gastrỉc polyps; 
H am artom alous polyp; Juvenile 
p o l}p o sis  

defm ition  2: 6, 90  
prem alignant 3: 453  

Polvposis
definition  2: 6, 141 
hercditarv syndrom cs 2: 6 —15 
lvm phom atous 2: 15 

Polysplenia, dẹỆ nition 1: 211 
Polyunsaturated fatty acids (PUFAs), 

d efin iúon  ]: 111 
Porcelain gallbladder 

definition  3: 207  
diagnosis 3: 207 — 208  
gallbladder eancer risks 3: 208  
gallstone rísks 1: .332—333  
in cidence 3: 207  
m anagem ent 3: 208  
pathogenesis 3: 207  

Porphyria 
acutc intcrm ittcnl 3: 538  
biochein ical abnorm alities 3: 209 — 210  
erythropoietic porphyrias 3: 21] 
hepatic porphyrias 3: 210  
pseudoporphvrinuria 3: 211 
secondary porphyrinuria 3: 211 

Porphyrin
d efin iúon  3: 208  
disorders, see Porphyriã 
precursors 3: 209  

Porphvrinogen, definition  3: 208 
Portal hcpatis. dcíìn ition  1: 211 
Portal hypcrtension  

causes 3: 212 — 213 
d eíin ition  3: 220  
d evelopm ent 3: 212  
erosive and hem orrhagic gastritis 1: 737 
esophageal varices association, see 

Esophageal varices 
hem odvnam ic m easurem ents 3: 212  
portal vcin throm bosis, sec Portal vcin  

throm bosis 
ultrasonography 3: 546  

Portal tract. d eíin ition  2: 507  
Porial vcin thrổm bosis 

anatom y 3: 220
clin ica ỉ prescm aiion  3: 2 2 0 —221 
deíin ition  1: 305  
diagnosis 3: 221 
pathogenesis 3: 220  
treatmcnt 3: 221 

Po r to c n te ro s to m y ,  de t in i t ion  1: 211



Posilron em ission tom ography  
definition 2: 749  
tum or sđn lígraphy 2: 7 5 2 - 7 5 3  

Postganglionic, detìn iúon  2: 105 
Postganglionic neuron, deíin ition  1: 126 
Postganglionic sym pathetic neuron, 

deRnition 3: 484  
Postpolypectom v coagu laú on  syndrom c  

(PCS), íeatures 1: 4 5 4 - 4 5 5  
Postpolypcctom y d isten sion  svndrom e  

(PDS), íeatures 1: 454  
Postpolypectom y svndrom e, definition  

3: 371
Postprandial, deíin iùn n  1: 81 
Postprandial m otility

m ixing m ovem enls 3: 222 -223, 226  
power propulsion  3: 222 , 226  

Postprandial satiety, d e íin ilio n  1: 235  
Potassium  channcl, inh ibúors for diarrhea  

treatment 1: 97  
Pouch of Douglas, d e lìn iú o n  1: 366  
Pouchùis

deíìn ition 2: 668 
diagnosis 3: 224  
di[ferential d iagnosis 3: 224  
natural history 3: 224  
pathophysiology 3: 2 2 4 - 2 2 5  
risk íaclors 3: 225  
treatment 3: 225  

Povver propulsion  
dcfinitìon l: 224; 3: 222 , 226, 397  
leaturés 3: 226
physiolngical sign ilicance 3: 226  
small intcslinal m otility  3: 398  

pp, sée Pancreatic polypeptidc  
PPARs, sec P eroxisom e prolilerator- 

activiited receptors 
Pradcr-W illi syndrom e (PW S) 

appetúc dvsrcgulation 1 : 110 
clinical prcsentaúon 3: 228 — 229  
diagnosis

critcria 3: 229  
lesting 3: 230  

genetics 3: 228  
obcsity 3: 228  
ư e a tm c n t 3: 2 3 0 - 2 3 1  

Prcbiotic, deíìn ition  3: 172, 235  
Prcdnisolone, u lceraũve colitis

m anagem ent 1: 385 , 3 9 2 - 3 9 3 ,  405  
Preeclampsia 

detinũion 2: 533  
hepalic involvem enl 2: 536  

Prcganglionic, defin ition  2: 105 
Prcganglionic neuron, definition  1: 126  
Prcganglionic svm pathetic neuron, 

dcíìnition 3: 484  
Pregnancy, see also A cute latty liver o f  

pregnancy; HELLP syndrom e; 
H vpcrem csỉs gravidarum  

appcndicitis 1 : 108

constipation  3: 233  
C rohn s disease 3: 232  
gallstones 3: 2.33
gastroesophageal rellux disease 3: 233  
hem orrhoids 3: 233 
h istam ine-2 receptor antagonist 

precautions 2: 399  
in ílam m alory bowel disease 3: 232  
intrahepatic cholestasis o f pregnancv  

2: 533, 535 
Iaparoscopy 2: 494  
liver dysfunction  

ep id em io logy  2: 534  
etio logy  2: 535 
hepatitis 2: 534
intrahepatic ch olesiasis 2: 533, 535  

pancreatũis 3: 233 
preeclam psia 2: 533, 536  
trim esters 3: 232
ulcerative colitis 1: 3 9 8 -3 9 9 ;  3: 232  

Preterm new born, definition  2: 688 
Prevertebral ganglia, detìn iúon  3: 484  
Primary biliary cirrhosis (PBC) 

đ in ica l features
associated diseases 1: 337  
asym ptom atic disease 1: 337  
sym ptom atic disease 1: 337 

d efinition  1 : 121 
diagnosis

b iochcm ical changes 1: 3.37 
liver b iopsy 1: 338  
serology 1: 338 

cp id em io logy  1: 336  
hvpercholesterolem ia 2: 406  
m agnetic resonance

cholangiopancreatography  
2: 5 9 1 - 5 9 2  

natural history 1: 338  
pathogenesis ]: 336  
recurrence fo llow ing liver 

ưansplantation  2: 554  
treatm ent 1: 339  

Priraary im m unodeíiciency  
ataxia—telangiectasia 2: 426  
com mon variablc immunodeficiency 2: 425 
D iG eorgc syndrom e 2: 426  
gastro inL estinal raan iíc s ta tio n s  

antĩbody d eíìcĩen cies 2: 4 2 6 —42 8  
T cell deíic iencies 2: 428  

se lective im m unoglobulin  A deíìciency  
2: 4 2 5 - 4 2 6  

severe combined immunodeíìciency 2: 426  
W isk oU —Aldrich syndrom e 2: 426  
X -linked  agam m aglobulinem ia 2: 426  

Primary sc lerosing cholangitis, see 
C holangitis, sclerosing  

Probioúc
deR nìúon 1: 379; 2: 647; 3: 172, 235, 

359
m echanism  o f action 3: 235

term inology 3: 235  
therapeutic applications 3: 235 

P rocessing speed, đeR nition 3: 180 
Proctitis 

allergic 1: 508; 3: 239  
clin íca l leatures and cvaluation  3: 236  
co llagen  vascular d isease 3: 239  
CrohiVs proctilis 3: 239  
defin ition  1: 385; 3: 236 , 3 5 1 , 371 
diversion  proctitis 3: 239  
drug-induced  proctitis 3: 239  
in fectiou s proctiús 3: 237  — 238  
ulcerative proctitis 3: 238  

P rocútis cystica proíunda, features 
3: 2 9 4 - 2 9 5  

P roctocolitis, deíin ition  3: 351  
Proctopathy

a m ylo id osis 3: 241 
clin ica l ĩeaturcs and cvaluation  

3: 236  
d eíin ition  3: 236  
h em atologic  d iseases 3: 240  
ischem ic  proctopathy 3: 240  
radiation proctopalhy 3: 240  
solitary rectal ulcer syndrom e 3: 240  
traumatic. proctopalhy 3: 240  

Prodrom ala, deBnition 1: 670  
Prodrom e, defin ition  2: 3 1 ]
Progenitor cell, delìn ition  2: 346  
P roglottid, definition 1: 289  
Prokìnetic agents 

deR niúon  3: 172 
pharm acology 3: 173 

Prolacúnom a, deíĩn ition  2: 676  
Prolapse, see also Rectal prolapse  

deR nition 1: 374; 3: 293  
Prom oter, definition 2: 712  
P ronucleating proteins, deR nition 2: 94  
Prophylaxis 

primary 3: 576  
secondary 3: 576  

Prostaglandins
d eíìn ition  2: 737, 744  
nonsteroidal anti-in ílam m atory drug  

in h ib ition  1 : 112 
syn th esis 1: 1 1 2 -1 1 3  

Protein  absorption
am ino acid transport system s  

1: 6 2 6 —627; 3: 2 4 8 - 2 5 0  
p eptide transport system s 1: 626; 3: 248  

P rotein—calorie d eíiciency  
classiRcation

kw ashiorkor 3: 243  
m arasm ic kw ashiorkor 3: 243  
m arasm us 3: 243  

clin ical evaluation  
anthropom etrv 3: 245  
history 3: 244  
im m une tu n a io n  3: 246  
physical exam ination  3: 2 4 4 —245



Protein—calorie deRciency (continued) 
serum  cholesterol 3: 246  
serum  proteins 3: 2 4 5 - 2 4 6  

defin ition  2: 6 0 6 —607; 3: 242 
ep id em io logy  3: 242  
etio logy 3. 2 4 3 - 2 4 4  
pathophysio logy  3: 243  
treatm ent 3: 246  

Protein d igesú on
digestability  determ inants 3: 247  
hydrolysis 3: 247  
overview  1 : 626  

Protein kinase, deíin ition  3: 68 
P rotein-losing disorders 

diagnosis 3: 254  
eú ology

degradation incrcasc 3: 252  
m aldigestion  and m alabsorpúon  

3: 2 5 1 - 2 5 2  
m alnutriúon  3. 251 
syn th esis reduction 3: 252  

P rotein -losing disorders 
settings o f loss  

burns 3: 252  
gastropathy 3; 253  
lym phangíectasia 3: 2 5 3 —254  
lym phaúc obstruction 3: 253  
m ucosal injury 3: 252—253 
renal 3: 25 2  

treatm cnt 3: 254  
P rotein -losing enteropathy, pediatric 

diagnosis 3: 255  
in íectiou s causes 3: 256  
lym phaúc obstruction  3: 257 — 258  
n o n in íe c tio u s  in llam m ato ry  d iso rd ers  

3: 2 5 6 - 2 5 7  
P roto-on cogen e, definition 3: 58  
Protodifferentiation, deíìn ition  3: 30 
Proton pum p, see Gastric proton/ 

potassium  ATPase 
Proton pum p inhibitors

deíin ition  1: 295, 653; 2: 203 , 211;
3: 259 , 46 6  

duodenal u lcer m anagem ent 1: 650  
esọphageal stricture m anagement 1: 747  
lu n cd onal dyspepsia m anagem ent 2: 77  
gastroesophageal retlux disease 

inanagem ent 2: 2 0 6 —207  
ind ications 3: 261 
irreversible inhibitors 3: 2 5 9 - 2 6 0  
non-eardiac chest pain m anageinent 

1: 2 9 7 - 2 9 8  
pharm acology 3: 173 
potassium -com petìtive inhibitors 

3: 2 6 0 - 2 6 1  
stress u lcer prevenúon 3: 467  
structures 3: 259  

Proxim al eo lo n . d eíìn iúon  1: 457  
Proxim al gastric vagotom y. definìtion  

2: 138

Proximal vagotom v, deíìn ition  2: 152 
Pruritìs, defm ition 1: 211  
Pruritus of cholestasis 

etiological íactors 
bile acids 3: 262
endogenous op ioid  systern 3: 262 
histam ine 3: 262  
serotonin  system  3: 26 2 —263 

ĩeatures 1: 310  
treatment 3: 263 

Pseudo-obsiruction  
ch a g a s’ disease 1: 6.30 
deíin ition  1: 629  

Pseudoaneurysm , dcíin ition  1 :1 :
3: 101

Pseudocvst, sec also Pancrcatic 
pseudocysts 

definilion  3: 84, 101 
Pseudom einbrane, deíin ition 1: 89 
P seudom em branous colitis 

d in ica l m aniiestations 1: 380  
deíìn iúon  1: 89, 379; 2: 668; 3: 194 
diagnosis 1: .380—381  
ep idem iology 1: 379 
etio logy 1: 379
n osocom ial infection 2: 7 4 0 - 741 
pathophysiology 1: 3 7 9 - 3 8 0  
treatment 1: 381 
ulcers 1: 4 4 0 -4 4 1  

Pseudom yxom a peritonei 
clinical lealures 3: 167 
delin ilion  1: 114; 3: 166  
m anagem ent 3: 167 

Pseudopolyp, deRnition 1: 385  
Psychiatric com orbidity, gastrointestinal 

diseasc, see also Irritablc bowel 
syndrom e  

causal d irectionalities 3: 2 6 8 —269  
[unctional gastrointestinal disease  

3: 2 6 6 - 2 6 8  
scope and prevalence 3. 264  
structural gastrointcstinal disease 

3: 2 6 5 - 2 6 6  
ưeatm ent im plications 3: 269  

Psychotorm , deRnition 3: 264  
Psychosom atic, delin iùon  3: 264  
PTC, see Pcrcutaneous ưanshepalic  

cholangiography  
PTL, see Pancreaúc iriglyceridc lipase 
P-type ATPase 

definition  3: 502  
proton pum p, sce Gastric proton/ 

potassium  ATPasc 
Puborectalis, double-sphincter conirol 

1: 73
PUFAs, set' Polyunsaturated fattv acids 
Pulsus paradoxicus, definition 1: 114 
Purging, deíìn ition  1: 81 
Putrescine. see Polvam incs 
PWS, see Prader-W illi syndrom e

Pylephlcbitis
com plications 3: 2 7 6 —277  
deíìn ition  3: 276  
etio logy 3: 276  
m icrobiology 3: 276 
tréầtment 3: 277  

Pvlethrom bosis, sec Portal vein  throm bosis 
Pyloric slenosis

clinical presentation 3: 280  
d eíin iùon  3: 278, 286  
diagnosis 3: 2 8 0 -2 8 1  
ep idem ìology 3: 279 
etiology 3: 2 7 9 —280  
history of study 3: 2 7 8 —279  
p aihophysiology 3: 2 7 9 —280  
Ramsledt extram ucosal pylorom yotom v  

o u lcom es and com plications 
3: 2 8 2 - 2 8 3  

posloperative m anagem ent 3: 282  
preoperative m anagem ent 3: 281  
technique 3: 2 8 1 - 2 8 2  

ultrasonography 3: 543  
vagotom y induction  3: 287  

pyloric tone, dcRnition 3: 286  
Pyloric traum am yoplasty, d etĩnú ion  3: 278  
Pvloroplasty

com plications 3: 284  
delin ition  1: 634; 3: 284, 286  
inđ icaúons 3: 284  
technique 3: 284  

Pyloropyloric rcílex, dcfinition  2: 105 
Pylorus 

abnormal íunction  3: 287  
anatom y 3: 286  
definition 3: 566  
ĩunction 3: 284, 286  
innervation 3: 286  

Pyoderina gangrenosum  
deíĩn ition  1: 385
ulcerative colitis association  1: 390  

Pvogenic, dcíìn ition  2: 513 
Pvridoxine, see V ilam in B6 
PYY, sec Pepúde YY

Q
Q uasispccies, deRnition 2: 323

R
Rab

deliniLion 1: 777  
exocytosis role 1: 778  

R adiaúon-induced colitis  
clinical íeatures 1. 383  
tisỉu e  injury 1: 3 8 2 —383  
ulcers 1: 438  

Radioallcrgosorbent tesl (RAST).
detinition 2: 47 

Rađiology iníorm ation svsteni. deíin ition  
3: 180



R adionuclide, deíìn ition  2: 749  
Radỉopharm aceutical, d eíìn ition  2: 749  
Ram stedt extram ucosal pylorom yotom y  

deíìn ition  3: 278  
o u tco m es a n d  co m p lica tio n s 

3: 2 8 2 - 2 8 3  
postoperative m anagem ent 3: 282  
preoperative m anagem ent 3: 281 
pyloric sten o sis  m anagem ent 

3: 2 8 1 - 2 8 2  
technique 3: 2 8 1 —282  

RAP, see Recurrent abdom inal pain 
RAST, see Radioallergosorbent test 
RDA, sce R ecom m ended Dietary 

A llow ance  
Reactive m ctabolite, definition  2: 354  
Reactive oxygen  species, deíìn ition  3: 502  
Reccptor, deíìn ition  3: 172, 335  
Recom m ended Dietary A llow ance (RDA) 

applications 1: 614  
deíin ition  1: 613  
elđerly 2: 770  
m inerals 1: 614, 616 
vitam ins 1: 615— 1: 616 

Rectal cancer, see Anal cancer 
Rectal neck , sec Anal canal 
Rectal proeidentia, defin ition  3: 421  
Rectal prolapse 

cystic íìbrosis 1: 541 
leatures 3: 294  

Reetal u lcer, see aỉso Solitary rectal ulcer 
syndrom e  

assnnạted  cnnditions 3: 296  
m ucosal prolapse syndrom es  

inflammatory cloacogen ic polyp  
3: 295  

ọverview  3: 293
proctitis cystica proíunda 3: 2 9 4 - 2 9 5  
rectal prolapse 3: 294  
solitary rectal ulcer syndrom e  

3: 2 9 3 - 2 9 4  
stercoral ulcer 3: 295  

Rectoanal reílex
d eíin iúon  1: 79; 2: 388  
m echanism s 1 : 80  

Rectopexy  
definition 3: 421
solitary rectál u lcer syndrom e 3: 425  

Rectum  
anatom y 3: 2 9 7 —298  
cancer, see Anal cancer  
cavernous hem angiom a 3: 591 
epithclial proliíeration 1: 7 2 8 —729  

Recurrent abdom inal pain (RAP) 
dcfm ition 3: 299  
clifferenũal cỉiagnosis

bow el pattern sym ptom s 
3: 3 0 1 - 3 0 2  

ỉsolated paroxysm aỉ recurrent 
abđơm inal pain 3: 3 0 2 - 3 0 3

upper abdom inal d istress sym ptom s  
3: 300-301 

prognosis in ch ildren  3: 306  
treatm ent 3: 3 0 3 —3 0 6  

Recurrent pyogen ic cholangitis, see 
Oriental cholangiohepatitis  

Reílex, d eíĩn iũon  3: 164  
Reflux, deíìn ition  3: 446  
R egion o f  interest, d eíìn ition  3: 180  
R egression, d eíìn ition  i:  356  
R eiter’s syndrom e, d e íìn ition  3: 651  
Relapse 

autoim m une hepatitis 1: 124  
d efìn itioa  1 : 121 

R em ission, đeíìn ition  1: 121 
Rem nant, definition 1: 356  
Renal íailure, d eíin ition  3: 86 
R eperíusion, definition  1: 351  
Resistant starch, see Dietary fiber 
R esistin, appeùte regulation 1: 110  
R estítution

co lo n  epithelium
extracellu lar m atrix role 1: 734  
m odels 1 733
m olecular m echanism s 1: 734  
m orphology 1: 733  
peptides and grow th  íactors 

1: 7 3 3 - 7 3 4  
d eíìn ition  2: 219, 249  
m ucosa  3: 466  

R etching, deíìn ition  2: 6 0 4  
R eticu lin  stain, d eíin ition  2: 516  
R etinoids, (leíin ition  3: 616  
RetroAexing, d eíin ition  3: 566  
Retrograde peristaltic contractions, 

duodenaỉ m otility  1: 639  
R etroperitoneum , d e íìn ition  3: 4 4 4  
Reverse transcription-polym erase chain  

reaction  (RT-PCR), d eíìn ition  2: 197  
R heum atoid  íactor, d eíin ition  3: 384  
Rhythm ic phase contraction  (RPC) 

co lo n  1: 426  
d eíìn ition  1: 425  

R iboílavin, see Vitam in B2 
Rickets, deíin ition  1: 248  
R iíaxim in, definition  3: 520  
RNA editing, deíìn ition  2: 502  
RNA polym erase, defin ition  3: 307  
R otavirus

classiíìcation  3: 307
c lin ica l ĩeatures o f  in íec tio n  3: 308
ep id em io logy  3: 3 0 7 —3 0 8
gastroenteritis 2: 198
g en etics 3: 307
h istopathology 3: 3 0 8
h ost range 3: 307
im m une response 3: 308
nosocom ial in fection  2: 741
pathology 3: 308
prevention  o f in íection  3: 308

serologic relationships 3: 307  
treatm ent 3: 308  

Rotor syndrom e 
d eíìn ition  1: 219  
íeatures 1 : 221 

R oundw orm s, see N em atodes 
R oux stasis syndrom e

anatom y and p h ysio logy 3: 307  
d eíìn ition  3: 307  
treatment 3: 307  

Roux-en-Y ch oled och ojeju n ostom y, 
d eíìn ition  1: 305  

RPC, see Rhythm ic phase contraction  
RT-PCR, see Reverse transcription- 

polyinerase chain  reaction  
R um ination syndrom e 

d eíìn ition  3: 310  
diagnosis 3: 3 1 0 —311 
epidem iologv 3: 310  
pathophysiology 3: 311 
treatment 3: 311

Saccular aneurysm , d cíin iũon  1: 1 
Salivary glands 

acinar cells 
fluid secretion

ion  and water iransport pathw ays 
3: 3 2 2 - 3 2 3  

m echanism s 3: 321  
m uscarinic ch olinergic stim ulatỉon  

3 : 3 2 1 - 3 2 2  
G -protein-coupled receptors and 

signal transduction 3: 3 2 0 —321  
am ylase, see Am ylase 
autonom ic controỉ 3: 3 1 8 —320  
b lood  vessels 3: 316, 320  
h isto logy

connective tissue 3: 316  
đuctal system  3: 316  
m ucous cells 3: 3 1 5 —316  
m yoepithelial cells 3: 316 , 319  
serous cells 3: 314  

hypoíunction , see X erostom ia  
innervation 3: 313 , 3 1 6 —3 2 0  
m inor salivary glands 3: 314  
parotid gland 3: 3 1 3 —314 , 3 1 8 —319  
scintigraphy 2: 753  
secretory granule discharge

innervation pattern and exocrin e  
secretion  3: 323  

secretory protein  sorting and reìease  
pathway 3: 3 2 3 —324  

secretory stim uli and signaling pathw ay  
crosstalk 3: 324  

sublingual gland 3: 3 1 3 —3 1 4 , 319  
subm andibular gland 3: 3 1 3 , 319  

Salmoneỉỉa
clin ical syndrom es 3: 326  
ep idem iology 3: 326



Salmonclla (continued) 
m icrobíology 3: 325  
pathogenesis 3: 327  
prevem ion  of in fection  3: 3 2 7 - 3 2 8  
sexual transm ission  and m anagem cnt 

3: 354  
treatm ent 3: 328  
typhoid fever 3: 3 2 6 —328  

Sapovirus
d eíin ú ion  2: 197  
gastroenteritis 2: 199  

Sarcopenia, deíĩn itíon  2: 767; 3: 242  
Satiety 

dìseases
anorexia 3: 3 3 3 —334  
illness 3: 334  

food intakc regulation 3: 329  
m etabolic signals 

energy signals 3: .331 
nulrient-rela ieđ  signals 3: 3 3 1 - 3 3 2  

peripheral signals
adiposity  signals 3: 330  
ch o lecystok in in  3: 3 3 0 -3 3 1  
ghrelin  3: 330  
hypothalam ic integration  

Satiety
m elanocortíns 3: 332  
neuropeptide Y 3: 332  

pep tid e YY 3: 331 
second-order neuronal signaling  

pathvvays 
corticotrop in -releasing factor 3: 333  
m elanin-concentrating horm one  

3: 333  
orex in s 3: 333  
urocortin 3: 333  

Savory d ilalor, deíin ition  3: 566  
SCFAs, see short-ch ain  fattv acids  
Schatzki ring  

congen ita l 2: 217  
defin ition  1: 767; 2: 211 

Schílling  test, cobalam in deíiciency  
1: 3 6 4 - 3 6 5  

Schistosom iasis  
íeatures 3: 129, 523 — 524  
sp ec ìes 3: 523  
ưeatm ent 3: 524  
ultrasonography 3: 547  

SCID, see Scvere com bincd  
im m u n od elìc ien cv  

Scinligraphy
biliary fistula 1 : 186  
definition  2: 749  
gastrointestinal tract stud ies  

bleed ing 2: 749  
ectop ic gastric. m ucosa 2: 749  
gastric em ptying 2: 120, 7 4 9 —750  

hepatobiliarv slu d ies  
ch olecyslitis  2: 751  
technique 2: 751

in íection  and inũam m ation studies 
gallium  im aging 2: 752  
labeleđ leukocytes 2: 7 5 1 - 7 5 2  

liver and sp leen  studies
damaged erythrocyte im aging 2: 751  
hem angiom as 2: 751 
hepaùc arterial in íusion  puinp  

im aging 2: 751 
sulíur collo id  im aging 2: 751 

peritoneal im aging 2: 753  
salivary gland im aging 2: 753  
sphincter o f Oddi dysfunction  3: 436  
tum ors 2: 7 5 2 - 7 5 3  
vasoactive intestinal peptíde receptors 

3: 609
sđeroderm a, features 3: 590  
Sclerosant, definition 3: 566  
Sclerosing cholangitis, see C holangitis, 

sclerosing  
Sclerotherapy

dcíìn ition  2: 289; 3: 576  
hem orrhoid m anagem ent 2: 293  

Scoleces, definition 2: 513  
Scolex, deRnìtion 1: 289  
Sccond m essenger, definition 3: 335  
Secondary sclerosing cholangitis, see 

ch o lan g itís , sclerosing  
Secretagogue, definition 1: 94; 3: 140  
Secretin

clìnical significance 3: 338  
definition 2: 172; 3: 68, 76, 101 
íunctions 3: 3 3 7 —338  
gene 3: 335
pancreatic enzym e secrcúon  regulation  

3: 72
pancreatic íunction  tesúng 3: 76  
receptor

signaling 3: 3 3 6 —337  
strutture 3: 3 3 5 - 3 3 6  

tissue dislribution 3: 335  
Secretion

colon , see Colon  
definition 1: 413  

Secretom otor neuron, deíĩn ition  3: 484  
Secretory diarrhea, definition  3: 359  
SEER program, see Surveillancc, 

E pidem iology, and Hnd Rcsults 
program

Selectivt im m unoglobulin  A d eíìciency, 
íeaturcs 2: 4 2 5 —426  

Selenium
dcficìency 3: 506  
íunctions 3: 5 0 6 —507  
regulation 3: 5 0 6 —507  

Senescence, definition 2: 767  
Sensory innervation  

chem osensitivity
chem otransduction 3: 343  
m ediators 3: 3 4 2 - 3 4 3  
prom iscuous chem osensitiv itv  3: 344

com ponents 3: .3 3 9 -3 4 0  
projections 1: 129  
sensory endings

axon rcílcxes 3: 341 
spinal affcrents 3: 341 
vagal efferents 3: 3 4 0 —341  

stim ulus adequacy and signal 
transduction 3: 3 4 1 —342  

stim u lu s—response íun cú on  3: 342  
vagus nerve 3: 5 7 4 -5 7 5  

Sepsis, surgical procedures as cause 
2: 7 4 1 - 7 4 2  

Septum , deíin ition  1: 356  
Sequestration, deíìn ition  3: 4 47  
Serine protease. deíìn ition 3: 533  
Serogroup, deíĩn iúon  1: 334  
Seroionin

carcinoid tum or production 3: 3 4 9 - 3 5 0  
definition 3: 346  
degradation 3: 347  
history o f  study 3: 346  
pharraacological regulation 3: 347  
physiological effects 3: 347  
synthesis 3: 3 4 6 - 3 4 7  
therapeutic targeting in dísease  

depression  3: 348  
irritable bow el syndrom e 3: 348  
nausea and craesis 3: 3 4 8 - 3 4 9  
obesity 3: 348  

Serotonin receplor, am agonisls for 
diarrhea treatment 1: 96  

Serous cell
definition 3: 313, 318  
salivary gland h istology 3: 3 1 4 —315  

Severe com bined im m unodeíìcicncy  
(SC1D), íeatures 2: 426, 428  

Scxually transm itled diseases (STDs), see 
aiso specific diseases 

acquĩred im m unodeíiciency syndrom e  
3: 354  

am ebiasis 3: 352  
Campyỉobacter 3: 354  
Chlamyđia 3; 3 54  
giardiasis 3: 352  
gonorrhea 3: 353  
helm inths 3: 353  
hepatitis A 3: 355  
hcpatitis B 3: 355  
hcpatitis c  3: 356  
herpes siraplex virus 3: 3 54  
human herpesvừ us-8 3: 355  
human papillom avirus 3: 355  
Salmonella 3: 354  
Shigella 3: 354
syndrom c feaiures and workup  

3: 351 -3 5 2  
svphilis 3: 353  

SlỉigcUa
com plications 3: 358  
diagnosis 3: 358



ep idcm iologv 3: 358  
irnmune rcsponse 3: 3 5 7 —3 5 8  
m icrobiology 3: 357  
sexual transm íssion and m anageraent 

3: 354
Shigella dyseiưeríae toxins 1: 138  
treatment 

curative 3: 358  
preventive 3: 358  

virulence íactors 3: 357  
Shock

definìùon 3: 516  
trauma induction  3: 5 1 7 - 5 1 8  

short bow el svndrom e  
anatom y 3: 359  
clinical features 3: 360  
com plicalions  

bacterial overgrovvth 3: 36 3 , 365,
3 6 8 - 3 6 9  

catheter-related 3: 362 
dcpression 3: 364  
liver dyslunction  3: 363  
m ẹtabolic bone disease 3: 363  
nutrient dgScieneies 3: 363

definition 2: 614; 3: 359 , 365  
diagnosis 2: 603  
ctio logy 3: 360 , 366  
im estinal rchabilítation 3: 364  
physiology 3: 35 9 , 3 6 6 - 3 6 7  
proịỊnosis 3: 370  
sevcrity lactors 

bow el adaptation 3: 360  
colcm presence or abscncc 3: 361 
rcm nant bow el status 3: 3 6 0 —361 

treatmcnt 
acuie 3: 361
com plications of nutritional therapy  

3: 3 6 8 - 3 6 9  
cntcral nutriúon 3: 3 6 7 - 3 6 8  
grow th íactor therapy 2: 255;

3: 364
ìntestinal transplantation 3: .364,

369—370
long-term  m anageinent 3: 361  
nutrient repletion 3: 363  
ovcrvievv 2: 603  
parenteral nutrition 3: 367  

Shon-chain  fatty acids (SCFAs)
colorectal cancer im plications 1: 604  
definUion 1 597; 3: 2.36 
diversìon colitis m anagem ent 1 : 610  
starch m etabolìsm  1 : 626  
ukeralive co litis m anagem ent 

1: 6 0 9 - 6 1 0  
Shvvachman-Diamond syndrom e. fealures 

3: 5 2 - 5 3
Sibutram inc, obesity raanagem cnt 3: 3 
Sigm oidoscopv  

acute colitis 3: 3 7 6 - 3 7 7  
barium cnem a adjunct 3: 376

co lon ic sym ptom s w ilhout blceding  
3: 377

colorectal cancer screening 1: 463 . 468 , 
471; 3: 3 7 6  

contraindications  
absolute 3: 379  
relative 3: 379  

dcR ninon 3: 371 
in itiation 3: .3 7 2 -3 7 3  
left-sidcd lesion s 3: 377  
paticnt preparation 3: 3 7 1 —372  
rcctal b lced ing w orkup 3: 376  
risks

b leed ing 3: 378
chem icạlty induced co litis  3: 378  
d iscom íort 3: 378  
in íection  3: 378  
períoration 3: 378  
vasovagal reaclion 3: 379  

s igm oid oscop e 3: 373 
techniquc 3: 3 7 3 - 3 7 4  
training 3: 380  

Signal transducer and activator of 
transcription (STAT), dcíìn ition  
3: 494

Signaling, d eíĩn ũ ìon  3: 335  
Singullus, see H iccups 
Sinusoid , delin ition  2: 507  
Sinusoidal obstructỉon  syndrom e (SOS) 

clin ical ỉeatures aficr hem atopoietic  
stem  ce ll iransplanlation  

diagnosis 3: 3 8 2 —383  
incidencc 3: 382 
prognosis 3: 382  

đ elĩn ition  3: 381 
etio logy 3: 381 
m anagem ent

liver transplantatíon 3: 383  
pharm acotherapy 3: 383  
supportive care 3: 383  
transjugưlar intrahepatic 

portosystem ic shunt 3: 383  
prevention 3: 383  

SIRS, see System íc inílam m atory response  
syndrom e

Sister M arvJoseph’s n odu le , deRnition 3: 58  
Sitzmarker co lon  transit test, (leRnition  

2: 467  
Sjỏgren's syndrom e

classiíìcation  criteria 3: 3 8 4 —386  
clin ical m aniíestations  

eyes 3: 386  
gastrointestinal 3: 386  
hcm ato log ic  3: 387  
m outh 3: 386  
neurolog ic  3: 387  
renal 3: 3 8 7  
reproductive 3: 387  
respiratorv 3: 387  
rheum atologic 3: 387

sk in  3: 386  
thyroid 3: 387  

detinition  2: 707; 3: 384  
d iagn osis 3: 387  
ep id em io logy  3: .384 
laboratory íeatures 3  387  
pa lh ogen esis 3: 3 8 4 —386  
treatment

keratoconjunctiv ítis sicca 3: 388  
patient eđucaũon  and se lf care 3: 388  
system ic m aniíesla tion s 3: 388  
xerostom ia 3: 388  

Skin-prick test, deíin ition  2: 47  
Slovv w avc

co lo n ic  Contraction regulation  1; 430  
defin ition  1: 425  

Small ìntestinal m olílilv
d igestive m otility  pattern 3: 398  
in tcrd igestive m oúlity  pattern  

3: 3 9 7 - 3 9 8  
pow er propulsion  3: 398  

Small intestinc, SCI’ a h f ì  Duodenum; Shorl 
bow c! syndrom e  

absorption
apical m em brane transportcrs 

3: 4 0 ]  —402  
carbohvdrates, see Carbohvdrate 

absọrption; Lactose in tolerance  
ĩat-so luble m olccu les 3: 402  
lip ids, see Lipid absorption  
w ater-solublc m o lecu les 3: 4 0 1 - 4 0 2  

aging effecls 1 : 6 
amyloidosis 1: 66 
anatom y

ep ithelium  2: 226; 3: 4 0 0 —401 
gross anatom v 2: 226; 3: 405  
innervation  3: 4 0 5  
layers 2: 226
m uscularis cxterna 3: 405  
serosa 3: 405  
subm ucosa 3: 4 0 6  
suríace area 3: 3 9 9 —4 0 0  

barium  radiography
applications 1: 1 4 7 —149  
contraindications 1: 149 
techn ique 1: 149  

basic electrical rhythm  1: 1 6 7 - 1 6 8  
bicarbonale secretion  3: 403  
b iop sy  for celiac d isease 1 : 2 8 0 —281, 

2 8 5 - 2 8 6  
borborvgm us 1: 225  
chloride secretion  3: 4 0 2 - 4 0 4  
circulation

anatom v 1: 353; 3: 4 0 5  
blood  flow  regulation 1: 3 5 3 —354  
hem odynam ics 1: 353  
path op h ysio logy  1: 354  

coraputed tom ographv
C rohn s  d isease 1: 4 9 0 —491 
neop lasm s 1: 49 2



Small in testine , see also D uodenum ; short 
bow el syndrom e (continued) 
obstrucúon  1: 492  

crypt ep ithelium  3: 407  
cystic fibrosis m aniỉestations 1: 540  
deR nition 2: 566  
developm ent

crypt stem  cells 3: 41 6  
crypt—villus axis m orphogenesis 

3: 4 13 , 41 6  
em bryology 3: 413  
endoderm al speciíìcation  

3: 4 1 3 - 4 1 4  
epithelial cell d ifferentiation 3: 416  
epithelial — m esenchym al interactions 

3: 41 6
gut tưbe lo ld ing and íorm ation  

3: 41 4
m olecular íactors in  regional 

specificạ lion  3: 4 1 4 - 4 1 6  
diabetic com plications ]: 558  
ep ithelium

proliferation 1: 7 2 7 - 7 2 8  
restitution

extracellu lar matrix role 1: 734  
m odels 1: 733
m olecular raechanism s 1: 734  
peptides and grow th íaclors 

1: 7 3 3 - 7 3 4  
(istulas 2: 41 

Small in testine , see also D uodenum ; Short 
bowe! syndrom c  

gastríc em ptying regulation 2: 119 
gastric m otility  regulation  

hum oral m cchanism s 2: 135 
nutrient effects 2: 135  

m farction, see Intestinal infarction  
lym phatics 3: 405  
m anom ctry, see M anom etry  
m astocycosis abnorm aliúes 2: 6 3 5 —636  
m ucosa

archúecture 3: 406  
lam ina propria 3: 407  
m uscularis m ucosa 3: 407  
villu s vascular pattern 3: 407  

P eyers patches 3: 408  
transplantation, see Intestinal 

transplantation  
villus ep ithelium  3: 4 08  

Sm all in testine neoplasm s 
adcnom a 3: 412
clin ical presentation 3: 4 0 9 - 4 1 0
d iagnosis 3: 410
incid en ce 3: 409
leio inyom a 3: 412
lipom a 3: 4 ]  2
m alignant lesions

adenocarcinom a 3: 4 1 0 - 4 1 1  
carcinoid tum ors 3: 411  
Iym phom as 3: 411

metastasis 3: 412  
sarcoma 3: 4 1 1 —412  

predisposing cond itions 3: 409  
Smell, see O líactìon  
Sm oking

al-an ú tryp sin  deficiencv exacerbation  
1: 41 

cancer risks
colorectal cancer 3: 420  
esophagus 3: 4 1 9 - 4 2 0  
gastric cancer 3: 420  
hepatocellular carcinom a 3: 420  
m outh 3: 419  
pancreatic canccr 3: 420  

duodenal ulcer risks 1: 647  
gastroesophageal redux disease risks 

3 :4 1 8
peptíc ulcer risks 2: ] 59; 3: 4 1 8 —419  
prevalence 3: 418
ulceratíve co lilis  risks 1: 386; 3: 419  

SMTs, see Subm ucosal lum ors 
SNAREs 

deủnition  1: 777  
exocytosis role 1: 778  

Sodium  taurocholate, detinition 3: 111 
Soiling, definíúon  1: 502  
Solitary rectal ulccr syndrom e (SRUS) 

clinical íeatures 1: 356; 3: 293, 4 2 1 - 4 2 2  
deíìn ition  1: 374; 3: 236 , 421 
diagnosis 1: 356; 3: 4 2 2 - 4 2 3  
histology 3: 422  
pathogenesis 3: 294 , 423  
pronopathy  3: 240  
treatment

m edical iherapy 3: 4 2 3 - 4 2 4  
overview  1: 375  
surgery 3: 4 2 4 -  425  

ulcers 1: 4 4 4 —445  
Solubility product, definition  1: 177  
Som atization disordcr 

deRnition 3: 264
irrilable bow el syndrom c 3: 2 6 7 —268  

Som atoform , deiĩn ition  3: 264  
Som atosiatin

analogs for diarrhea treatment 1: 96 
corticostatin  h om ology 3: 427  
D cell secretion 2: 108; 3: 427  
deíìnU ion 2: 165; 3: 426  
esophageal varic.es hemorrhage 

prevention and inanagem ent 
3: 215 , 581 

csophageal varices treatment 3: 215  
gastric acid secrction inhibition  3: 430  
gene 3: 42 6
neuronal synthesis 3: 427  
pancreas actions 3: 431 
pancreaúc enzym e secretion regulation  

3: 73
palhophvsiology 3: 432  
Processing 3: 426

receptors
G -protein-coupled receptor signaling  

3: 429  
intestine 3: 430  
neuroendocrine tum ors 3: 43 0  
pancreas 3: 430  
stom ach 3: 429  
subtypes 3: 4 2 9 - 4 3 0  

regulaúon of gastrin release 2: 1 68—169;
3: 431 

regulation o f release
autonom ic ncr\'ous System 3: 428 
gut pepúdes 3: 428  
intralum inal stim ulì 3: 427  

small im estine actions 3: 431 
therapeutic applications 3: 432  
tissue distribution 3: 427  

Sonic hedgehog, definìtion 1: 549 
SOS, sc<’ Sinusoidal ob sư u ction  syndrom c  
SP, see Substance p 
Space o f D isse, definition 2: 299, 507  
Spectral Doppler, d eíin iúon  3: 54.3 
Sperm idine, see Polyaraines 
Sperraine, see Polyam ines 
Sphincter, sce also specific sphíncters 

ablation .3: 434  
achalasia, see Achalasia 
delìn ition  1: 763 , 767; 2: 101; 3: 446  
enteric nervous control 3: 44 6  
innervalion of m usclc L: 3; 3: 446  
sm ooth  m uscle contraclion  1: 3 
typcs 3: 446  

Sphincter of Oddi 
anatom y 3: 434
dcfinition 1: 2, 177, 305, 322; 3: 25, 434 , 

450  
dysíunction

clinical presentation 3: 4 3 5 -4 .3 6  
dctinitions 3: 43 4  
diagnosis 3: 4 3 6 - 4 3 8  
epidem iology 3: 4 3 4 - 4 3 5  
intact gallbladder patients 3: 441  
pathophysiology 3: 434  
recurrent pancreatũis 3: 4 4 0 - 4 4 ]  
treatment 

balloon  dílation and sten ù n g  
3: 440  

botulinum  toxin 3: 4 40  
endoscopy 3: 4 3 9 - 4 4 0  
m edical therapy 3: 4 3 8  
sphincterotom ỵ ỉailure 3: 4 4 ] - 4 4 2  
surgery 3: 4 3 8 - 4 3 9 ,  444  

physiology 3: 434  
sphincterótom y 3: 444  

Sphincterotom y
deíin ition  1: 8, 305; 3: 444  
endoscopic 3: 434  
interrial anal sphinctcr 3: 444  
sphincter o f Oddi 3: 4 3 8 —439, 

4 4 1 - 4 4 2 ,  44 4



Splanchic, definition  2: 351 
Splanchic nerve, deHnition 3: 444  
Spleen

am yloidosis 1: 67  
irýury 3: 447
m astocytosis abnorm alities 2: 635  
scintigraphy, see Scintigraphy  

Splenectom y
com p lication s 3: 449  
H o d g k in s disease stagíng 3: 449  
ind icalions

anem ia 3: 4 4 7 —448  
aneurysm  3: 449  
auLoimmune disease 3: 448  
in íection  3: 4 4 8 —449  
m echanical hypcrsplenism  3: 448  
irauma 3: 447  

laparoscopy 2: 492 , 6 5 5 —656  
techn iques 3: 449  

Splenic Eexure, deíìn ition  3: 371  
Splcnom egaly, deHnition 1: 20 
Sprue, dcíĩn ition  2: 597; 3: 528  
Squam ous ep ithelium , deR niúon 1: 725, 

731
SRUS, sec Solitary rectal ulcer synclrome 
Stable iso top e, deiìn ition  1: 227  
Slaphyỉococcus aureus, food poison ing  

2 : 60
Starch. see Carhohydrate digestion  
Stasis syndrom c

assocíated  diseascs 2: 599  
d iagn osis 2: 600  

pálhuphysiology 2. 599 -600
treauncnt 2: 600  

STAT, sec Signal iransducer and activator 
o f  iranscription  

STDs, see Sexually iransm itted diseases  
Steatorrhca

defin ition  1: 131, 33 6 , 568; 2: 597;
3: 58, 101 

diarrhca etiology 2: 597  
m anagem em  in pancreatitis 3: 1 0 7 - 1 0 8  

Steatosis
cystic  Rbrosis 1: 536  
detìnition  1: 25 

Stellate cells, see also H epatic stellate cell; 
Pancreatìc stellate cell 

deR nition 1: 356  
acdvation  in cìrrhosis 1: 356  

Stem cell, dcíin ition  2: 346  
Stenosis, scc also Pyloric stenosís  

am pullarv 3: 434
deR nilion  1: 767; 2: 443; 3: 35 , 5 6 6 , 638  
esophageal, congenital 1: 768  

Stent
adịunct to surgery 3: 452  
biĩiary 1: 305; 3: 4 5 0 - 4 5 1  
co lon  3: 451 —452  
đefinition  1: 200 , 204; 3: 45 0 , 56 6  
duodenal 1: 644

esophagcal sten ting com plications  
1: 692  

pancreas 3: 451
sphincter of O ddi dysíu n ciion  3: 438, 

440  
ureter 3: 452  

Stercoral ulcer, ĩeatures 3: 295  
Stom ach, see also Gastroparesis

acid secreũ on , see Gastric acid secretion  
acquired im m unodelĩciency  syndrom e  

m anìlestations 1: 14  
aging effects 1 : 6
alcohol fìrst-pass m etabolism  1: 3 1 - 3 2
am yloidosis 1: 6 5 —66
anatom y

gross anatom y 3: 458  
m uscularis propria 3: 461  
overview  2: 226  
serosa 3: 461 
subm ucosa 3: 461  

barium  radiography 1: 145 — 146  
basic electrical rhythm  1: 167  
borborygm us 1: 2 2 4 —225  
cancer, sec Gastric cancer 
chief cell, sec ch ief ccll 
circu k tion

anatom y 1: 351; 3: 4 5 8 - 4 5 9  
blood Qow regulation 1: 351 — 352  
hem odynam ìcs 1: 351 
pathophysio logy 1: 3 5 1 - 3 5 2  

com puted  lom ography  
gastriùs 1: 490  
neoplasms 1: 489 

deíìn iũon  2: 149, 201, 228  
diabetic com plications 1: 558 , 568  
electrical activity, see 

Electrogastrography  
epithelium

proliferation 1: 727  
restitution 1: 7 3 2 —733  

Hstulas 2: 41 
íun ction  2: 226
gastriús, see A trophic gastritis; Chronic  

active gastritis; Gastritis 
in íection , sec Gastropathy; Helicobacter 

pylori 
innervaúon

C e n tra l  n e r v o u s  s y s t e m  2 :  1 0 9 - 1 1 0 ,  

1 3 4 - 1 3 5  
cnteric nervous sysLem 2; 110, 134  
neurotransm iters 2: 109 
overview  3: 459  
pacem aker 2: 134 

m a s t o c y t o s i s  a b n o r m a l i t i e s  2 :  6.35 

m ucosal b iopsy  
acute gastritis 2: 670  
chronic gastritis 2: 6 7 0 —671  
h y p e r t r o p h y  a n d  h y p e r p l a s i a  2 : 6 7 1  

norm al m ucosa 2: 670  
peptic ulcer 2: 671

polyp s 2: 671  
tum ors 2: 671  

m ucosa
antrum  3: 461  
body 3: 460  
cell types 3: 4 6 0 - 4 6 1  
íu n du s 3: 460  
layers 3: 459  
m orphology 3: 4 5 9 —460  

polyps, see Gastric polyps 
resection, see G astrectom y  
stapling, see Gastric stapling  
surgery, sec G astrectom y; Pyloroplasty  
upper gastrointesnnal en d oscop y  3: 569  

S lool osm otic gap, deíìn ition  1: 568  
Storage archiving unìts, d eíin ition  3: 180 
St ress

atĩecú ve sym ptom s and dìsorders 3: 465  
allostatic load

disease and illn css 3: 46 4  
m in d —body m ed icine in reduction  

3: 465
brain—gut con n ection  3: 464  
d eíìn ition  2: 467; 3: 462  
em otional m otor system  3: 46.3 
íu n ction al m edical sym ptom s and  

syndrom cs 3: 4 6 4  
gut em olion  and feeling  3: 46 4  
irritable bow el syndrom e role  

2: 4 6 8 - 4 6 9 ;  3: 273  
response in disease and illn ess 3: 462  

Slressor, deHnition 3: 4 6 2  
Siress ulccr 

deR niùon 3: 466  
diagnosis 3: 467  
natural hislory 3: 4 6 6 —467  
p ath ophysio logy 3: 4 6 6  
prevention  3: 4 6 7 —468  
risk  ĩactors 3: 466  
treatm ent 3: 467  

Striated duct, clefinilion 3: 313  
Stricture, see cúso Esophageal strictures 

defin iú on  1: 509; 3: 566  
in terventional radiology for dilatìon  

3: 290
Strobilation, dcR niúon 1: 289
Strongyloides stercoraìis, stom ach  in fection  

2: 130
Sư on gylo id iasis, clin ical ĩeatures and  

m anagem ent 2: 6 9 4 - 6 9 5  
ctural gastrointestinal d isease  
:fm ition 3: 264  

psvchiatric com orbid ìty 3: 2 6 5 - 2 6 6  
S-type enteric neuron  

defin ition  1: 701  
e lecư ica l behavior 1: 704  

Subconduent cells, deíĩn ition  3: Ì9 9  
Subjcctive global assessraent 

case stu d ies 2: 765  
d eíin ition  2: 606



Subjective global assessm ent (continued) 
nutritional assessm ent 2: 612  
nutritional historv 2: 7 6 3 —764  
physical exam ination 2: 764  
sp ec iíìc  nutrienl deficiency evaluation  

2: 7 6 4 —765  
Sublingual glands, see Salivary glands 
Subm andibular glands, see Salivary 

glands
Subm ucosal p lexus, deíĩn ition  1: 3 22 , 701; 

3: 4 7 4
Subm ucosal tum ors (SMTs) 

b iopsy and resection 3: 473  
carcinoid  tum or 3: 470  
d eím ition  3: 468  
d iagnosis 3: 469  
d u p licaúon  cysl 3: 471 
evaluation  3: 469
gastrointestinal strom al cell tum ors 

3: 4 7 1 - 4 7 2  
granular cell tum or 3: 471  
in cid en ce 3: 468  
lipom a 3: 4 69  
p ancrcaúc resl 3: 471 
presentation  3: 469  
varices 3: 471  

Substance p (SP) 
d eíin iú o n  3: 474  
discovery 3: 475
cm esis role and receplor antagonist 

treatm ent 3: 4 7 8 —479  
Cuncũons 

Substance p (SP)
gastrointcstinal secretion 3: 4 7 6 - 4 7 7  
m olility  3: 4 7 5 - 4 7 6  

g cn e 3: 4 7 4
in tesúnal inflam m ation role 3: 4 7 7 —478  
receptors 3: 4 7 4 - 4 7 5  
structure 3: 474  

Sucralĩate
d cíìn ition  3: 466  
stress u lcer prevem ion 3: 467  

Sucrose, d igestion  1: 2 7 6 —277  
Sulfasalazine, ulcerative colitis 

m anagem ent 1: 385  
Superanúgen, deíìn ition  2: 479  
Surgery, see also specifu diseases and 

techniqưệs 
esophagus, see Esophageal canccr;

G astroesophageal reílux discase 
fasi-ư ack , see Fast-track surgery  
m in im a l ly  invasive, see M in im allv  

invasive surgery 
s to m a c h .  sec Gastrec tơm v: Gastr ic  

bypass; Gastric stapling  
Surveillance, Epidcm iology, and End 

R esults (SEER) program  
d eíìn iũ o n  ]: 457  
host ĩaclors in colorectal cancer 

1: 457

Sw allow ing
disorders, see Dvsphagia 
ncurologic pathways 3: 4 8 0 —482  
oropharyngeal structures 3: 480  
phases

esophageal phase 3: 4 8 2 - 4 8 3  
oral phase 3: 482  
pharyngeal phase 3: 482  

reílexive 3: 480  
Sympathctic innervaũon  

clinìcal features
abdom inal pain 3: 104 
diabetes 3: 104  
m aldigestion 3: 104 

coraplications 
carcinom a 3: 110  
gastrointestinal b leeding 3: 110 
obstruclions 3: 110 
pseudocyst 3: 1 0 9 -1 1 0  

dem ographic íĩndings 3: 1 0 1 - 1 0 2  
diagnosis

abdominal lilm s 3: 105 
com puted tom ography 3: 105 
endoscopic retrograde 

cholangiopancreatography  
3: 1 0 5 °  106  

endoscopic ultrasound 3: 105 
m agnctic resonance  

cholangiopancreatography 3: 105 
overvievv 2: 600; 3: 104 - 1 0 5  
pancreatic liin clion  tests 3: 1 06—107 
straiegy 3: 107 
ultrasonography 3: 105 

etiologv and pathophysiology  
alcohol consum ption  3: 102  
autoim m une chroníc pancreatitis 

3: 103 
cystic fibrosís 3: 103 
hereditary pancreaútis 3: 103 
hypcrtriglyceridem ia 3: 103 
idiopathic pancreatitis 3: 1 03—104 
pancreaúc duct obstructìon 3: 1 0 2 -1 0 3  
recurrent acute pancreatitìs 3: 103 
tropical pancreatitis 3: 102  

neurotransm ission 3: 485  
pathvvays 3: 484  
sym plom s 2: 600  
treatment

diabetes 3: 108 
overvievv 2: 6 0 0 - 6 0 1  
pain 3: 1 0 8 -1 0 9  
steatorrhea 3: 1 0 7 - 1 0 8  

Sym pathetic nervous system , deíin ition  
2: 105, 289  

Synchronous neoplasia. deS n ition  1: 457  
Syncytium , deRnition 1: 629  
S>’p h ilis , sexual transm ission and 

m anagem ent 3: 353  
Systemic in í lam m ato ry  response  s y n d ro m e  

(S1RS), definition  3: 499

Svstem ic lupus erythem atosus, sec Lupus 
erythem atosus 

Svstem ic m astocytosis
colorectal abnorm aliúes 2: 636  
defm ítion 2: 635  
duodenal ulcer 1: 647  
esophageal abnorm alities 2: 635  
írequency o f gastrointestinal 

involvem ent 2: 635  
gastric abnorm alities 2: 635  
liver abnorm alìties 2: 636  
pathogenesis

abdom inal pain 2: 636  
diarrhea 2: 6 3 6 —637  
m alabsorption 2: 602, 637  

sm all intestinal abnorm alities 
2: 6 3 5 - 6 3 6  

treatment 2: 637  
sp len ic abnorm alities 2: 635

T
Tachvgastria

definition 1: 662; 2: 413  
electrogastrography 1 : 666 

Tachykinin, deíìn ition  3: 4 74  
Tacrolim us

C rohn’s diseasc m anagem ent 1: 509, 
517, 525

ulceralive co liũ s management 1: 406  
Taenia coli, deíìn ilion  2: 270 , 388  
Taenia saginata, Séc Ccstodes  
Tacnia solium, see Cestodes  
Tapeworm , see Cestodcs 
Taste

functìons 3: 487
interaction w ith  other sensory system s 

3: 493
peripheral organization o f systcm  

3: 4 8 7 - 4 8 8  
receplors 

bitier 3: 489
G protein coupling 3: 488  
salty 3: 490
sìgnaling and Central Processing 

3: 4 9 0 -4 9 1  
sour 3: 4 8 9 -  490  
sw cet 3: 489  
uniami 3: 490  

taste huds 3: 487  
T cell, set’ aho T helper cell 

cells 2: 572 
antigcn recognition 2: 5 7 0 —573  
C.D4 cells 2: 573 
CD8 cells 2: 573  
clonalitv 2: 571 
definition 2: 234, 425; 3: 384 
ỗy cells 2: 572  
gaslrointestinal d isư ibution  

2: 5 7 3 - 5 7 4  
hom ing 2: 574



lym phom a, see Enteropathv-associated  
T cell lym phom a  

m ucosa-associated  lym phoid  tissue  
2: 6 6 6 - 6 6 7  

O T ig in s  2 :  5 7 0 —5 7 1

prim ary im m u n od eíicien cies 2: 4 2 6 , 4 2 8  
receplors 2: 5 7 0 —57]

TEF, see Tracheoesophageal Rstula 
T clangiectasia, see aìso Hereditary 

hem orrhagic telangiectasia  
defin ition  3: 587 

T elecom inunications, definition 3: 180 
T enesm us, cleAnition 1: 385; 3: 194, 293, 

371
TGF-0(, see Transỉorm ing grow ih  (aclor-oc 
TGF-P_ see Transíorm ing grovvth factor-p 
T h l, sce T helper cell 
T h2, see T helper cell 
T helper cell

a llergic responses 3: 4Q6 
C ro h n s disease responses 3: 497  
cy tok inc proíiles 3: 494 , 496  
deR nition 3: 494 , 526  
drug-induced  co litis  response 1: 383  
graíi-versus hosl d isease response  

3: 4 9 7 - 4 9 8  
parasitic in íection  responses 3: 4 9 6 —497  
polarization  of subsets 3: 4 9 4 —49 6  
T h l response in celiac disease  

1: 2 8 3 -2 8 4 ;  3: 497  
transplantation im m unology 3: 513  
Trichinella response 3: 527  
types 3: 494
ulcerative colitis response 3: 4 9 8  

T hiam ine, se.e Vitamin BI 
T horacoabdom inal aneurysm , defìnition  

1 : 1
T hree-d im ensional rendering, deíìn ition  

3: 180
T hrom bocytopenìa, dcRnition 2: 555  
Throm bosis, sce úlso Intestinal inlarction; 

Portal vein  throm bosis 
dciin ition  2: 447 , 450  

Throm boxane, deíin íùon  2: 744  
TighL jun ction , see also E pithelium , gut 

cytokine regulation o f perm eabilúy  
1: 722  

delĩn ition  1: 136, 413  
glucose regulation o f perm eability  

1: 721
leukcicyte regulaúon of perm eability  

1: 721
signal transduction pathways 

1: 7 2 0 -7 2 1  
structure 1: 7 1 9 - 7 2 0  

TIPS, sct' Transjugular intrahepatic 
portosystcm ic shunt 

T N F -a, sce Tum or necrosis factor-3(
TNM staging, see Tum or/node/m etastasis 

staging

T oll-like receptors, d eíìn iúon  3: .325 
T one, co lon ic  contraclion  1: 427  
T onicity, d eíĩn iú on  3: 132 
TORCH infection , deíìn ition  1: 211 
T oxic m egacolon

definition  1: 52, 254, 379, 385; 3: 499  
diagnosis 3: 4 9 9 - 5 0 1  
etio logy 3: 499  
incidence 3: 499  
pathogenesis 3: 499  
treatment 3: 501  
ulcerative co litis 1: 402  

Trace m inerals, see specific minerals 
T racheoesnphageal fistula (TEF) 

anatom y and cm bryology 2: 722  
associated anom alies 2: 722 — 723  
classĩíication 2: 722 
clin ical preseruation 2: 723  
dìagnosis 2: 723  
ep id em io logy  2: 721 
historical perspective 2: 721 
treatment and outcom es 2: 7 2 3 —724  

Transaerterial em bolization , hem obilia  
m anagem ent 2: 285, 287  

Transcellular transport, deRniúon  
3: 399  

Transcobalam in
definition  2: 455; 3: 619  
receptors 3: 620  
vitam in B12 interactions 3: 620  

Transcription factor, definition  3: 534  
Transepithelial transport, dcfin ilion  

2: 754; 3: 399 
T ransíection, defìnition  3: 199 
Transíerrin

definition  2: 372 , 463  
iron bínding 2: 465  
receptors 2: 372  

Transíbrm ation, definition  3: 199 
Transíorm ing grow th factor-a (T G F-a) 

d isư ib u tion  2: 251 
functions 2: 25]

Transform ing grow th factor-P (TGF-Ị3) 
cancer m utaúons in signaling 3: 509  
(unctions 2: 252; 3: 509  
genes 3: 508
intracellular signaling 3: 5 0 8 —509  
iso íorm s 2: 252; 3: 508  
receptors 3: 508  

Transglutam inase, am ibod íes in celiac 
disease 1 ; 281, 681 

Transjugular intrahepatic portosystem ie  
shunt (TIPS) 

ascites m anagem ent 1: 117 
B udd—ch ía r i syndrom e 1: 232  
definitìon  1: 230; 2: 351; 3: 543  
esophageal varices hem orrhage 

p revention  and m anagem ent 
3: 2 1 7 - 2 1 8 ,  5 8 2 - 5 8 4  

in tervem ional radiology 3: 291 — 292

sinuso idal ob sư u cú o n  syndrom e  
3: 383

ultrasonographic evaluation 3: 546  
T ransm em brane protein, definition  

3: 502
Transphosphorylation, defin iúon  2: 754  
Transplantation, sec also H em atopoietic  

stem  cell transplantaúon; Intestinal 
transplaniaiion; Liver transplantation; 
Pancreatic transplantaúon  

defin ition  3: 365  
Transplantaũon im m unology  

acute rejection  3: 511  
antigen recognition  3: 512  
cell procìucts in a lloresponsiveness  

3: 5 1 2 - 5 1 3  
chronic: rejection 3: 514  
history o f  study 3: 5 1 0 - 5 1 1  
hum an leu k ocv ie  antigens 3: 512  

Trauma, see also Esophageal trauma 
con seq u en ces

abdom inal injury 3: 519  
burns 3: 519  
extrem ity injury 3: 519  
hcad injury 3: 5 1 8 - 5 1 9  
in íection  and organ íailure 3: 518  
sh ock  3 5 1 7 - 5 1 8  
system ic injury responses 3: 518  

defin ition  3: 516  
ep id em io logy  3: 516  
hem orrhagc 2: 290  
m ech an ism s and paiterns of injury  

3: 5 1 6 - 5 1 7  
p reven lion  3: 517 
p roctopathv 3: 240  
sp leen  3: 447  

Traveler’s diarrhca
clin ica l íeaturcs 3: 519  
defin ition  3: 520  
etio lo g y  3: 521  
in cid en ce 3: 520  
p revention  3: 5 1 9 - 5 2 0  
treatm cm  3: 520  

Treatm ent Cailure
au to im m un c hepatitis 1: 124  
d efin ition  1 : 121 

Treíoil ĩactors, dcíỉn ilion  1: 645  
Trefoil p ep ú d es, types and functions 

2: 253
T rem atodes, sce also H elm inth  

in testinal trem atodes 3: 524  
lífe cycle and biology 3: 523  
sc h istosom es, see Schistosom iasis 
tissue trem atodes 3: 5 2 4 —526  

Trichinella
im m u n e response 3: 527  
in fection  íeatures 2: 695; 3: 129 
life cycle  3: 526  
m anagem ent 2: 695 
path ogen esis 3: 510



Triglyceride  
definition  2: 23 
transport and p oo ls 2: 2 8 —29  

Trophcrema yvhippelii, see w h ip p le 's  
disease

T rophozoile , deRnition 2: 233 , 513;
3: 122  

Tropical sprue
clin ical features 3: 531 
deS n itíon  3: 528  
dìagnosis 3: 531 
etio logy 3: 5 2 9 -5 .3 0  
geographic d islrìb u ù on  3: 529  
pathophysio logy 3: 530  
treatm ent 3: 532  

Trousseau’s sign, d eíìn iú on  3: 58 
Trousseau's syndrom e, deiin ition  3: 453  
Truc ancurysm , d e lĩn iú o n  1: 1 
Truncal vagotom y, d eíin ition  2: 152  
Trypanosoma cruMạ see. cilsơ ch agas' disL ir-e 

d efinition  1: 629  
in fcction  features 3: 128 

Trypsin
activation pcptide 3: 533  
acúvity 3: 5 3 3 - 5 3 4  
d eíin iiion  3: 111, 533  
ĩu n cú on  1: 627  
inhibitor prolein  3: 101 
Processing 3: 533 
synthesis 3: 533  

T rypsinogen  
caú on ic 3: 115  
d eíìn ilion  3: 101, ‘533 

T-tube, defin ition  3: 450  
T uberculosis, see Mycobacterium 

tuberculosis 
Tum or necrosis factor-a (T N F -a) 

cellular responses 3: 536  
Tum or necrosis factor-oc (T N F -a) 

d efin iúon  ]: 509; 2: 365; 3: 5 3 4  
d evelopm ent roles 3: 536  
ectodom ain  sh ed d in g  o f  m em brane- 

b ound  protein  3: 536  
gcnc transcrìpiion regulaúon 3: 535  
h cp ato lox in  liver injury m ediation  

2: 3 6 6 - 3 6 7  
m essenger RNA stabilúy 3: 535  
p hysio logical íu n cú o n s 3: 536  
syn lh esis and secretion  3: 53,5 
thcrapcutic m odulation  lor C ro h n s  

diseasc 1: 5 1 7 - 5 1 8 ,  525  
therapeutic targeting 3: 536  

T um or/node/m etastasis (TN M ) stagìng  
d cíin ition  1: 457  
esophageal cancer 1: 741 
gastric cancer 3: 4 5 5 - 4 5 6  
overvievv 1: 685  

Turaor supprcssor gene  
d eíìn iiion  1: 256; 3: 58 
types ]: 258

Type 111 secretion apparatus, deíin ition  
3: 357

Typhoid fever, see also Salmonella 
definition 2: 51 

Tyrosinem ia
clinical presentaũon  

acute 3: 539  
chronic 3: 539  

diagnosis 3: 5 3 9 —540  
epidem iology 3: 5 3 8 - 5 3 9  
gene m utations 3: 539  
hereditary tyrosinem ia type 1 

2: 7 0 5 -  706; 3: 538  
m ouse m odels 3: 541 
palhophysiology 3: 540  
treatmenl 3: 538 , 5 4 0 -5 4 1

u
u c ,  see u lceraúve colitis 
UHS, see Upper csophageal sphincter  
u lcer, iee alsơ D uodenal ulcer; Esophageal 

ulcers; Marginal ulcer; Peptic ulccr; 
Rectal ulcer; Stress ulcer 

defininon  1: 645; 2: 101, 157, 187, 272; 
3: 293  

Ulcerative colitis (U C ) 
associated diseases and com plicaúons  

ankylosing spondylitis 1: 389 — 390  
arthropathy 1: 3 8 8 - 3 8 9 ,  401 
erythem a nodosum  1: 3 9 0 , 4 0 1 - 4 0 2  
osteoporosis 1: 390  
primary sc lerosing cholangú is 1: 314, 

388, 401 
pyodernií. gangrenosum  1: 390,

401 — 402 
throm boem bolism  1: 3 9 0 —391 , 402  
uveitis l : 390 , 402  

clinical featureg 1: 3 8 7 —388  
colorectal cancer surveillance 1: 397, 

403
com puled  tom ography 1: 497/ 
detiniúon 1: 301, 308, 376, 3ì 401.

521; 3: 264  
dieiary íibcr im pact 1: 609  
epidem iology 1: 385, 400  
etiology

environm ental ĩactors 1: 3 8 6 - 3 8 7  
genetic tactors 1: 3 8 5 - 3 8 6 ,  400  

evalualion
blood tests 1: 391 
hislopathology 1: 391 , 404  
radiology 1: 3 9 1 - 3 9 2  
stool m icrobiology 1: 39]  

m agnctic resonance iraaging 1: 36, 
3 7 - 3 9  

pathogenesis 1: 387  
pathology 1: .387 
pcdiatric

anamm ìc distribution -1: 400  
com plícations

cancer 1: 402
growth and developm ent 1: 403  
toxic m egacolon  1: 402  

course and prognosis 1: 407  
diagnosis

h isto logy 1: 404  
hìstory 1: 403  
laboratory testing 1: 403  
physical exam ination 1: 403  
rađiography 1: 4 04  

differenúal d iagnosis 1: 404  
extraintestinal disorders 

cye 1: 402
hepatobiliary disease 1: 401  
jo ints 1: 401 
skin 1: 4 0 1 - 4 0 2  
throm boem bolism  1: 402  

gcnetics 1: 400
incidence and risk íactors 1: 400  
sym plom s and signs 1: 401 
treatment 1: 399, 4 0 4 —407  

polyps 2: 15 
pregnancy 3: 232  
proctitís 3: 238  
prognosis 1: 399  
psychiatric com orbidity 3: 265  
short-chain  íalty acid Lherapy 1 : 610  
T helper cell rcsponse 3: 498  
treatment

active díseasc inpatient m anagem eni 
1: 3 9 5 -  397 

am inosalicylales 1: 393 , 4 0 5 - 4 0 6  
antibiotics l: 393 , 406  
azathioprine 1: 393 , 406  
corticosteroids 1: 3 9 2 —393, 405  
cyclosporinc 1: 3 9 3 , 4 06  
inflixim ab 1: 407  
nutritional therapy 1: 4 0 4 - 4 0 5  
pharm acology 3: 174  
pregnanl patients and m others 

1: 3 9 8 - 3 9 9  
prospects 1: 3 9 3 ^ 3 9 4 , 399  
psychosocial support 1: 394  
rem ission m aintenance 1: 397  
surgery

com plications l: 398  
indications 1: 3 9 7 - 3 9 8  
options 1: 398 , 407  

tacrolim us 1: 406  
ulcer characteristics 1: 4 4 6 - 4 4 7  

ultrasonographv  
abdom inal aortic aneurysm  1 : 1 
acquired im m unodcticiency syndrom e  

cholangiopathý 1 : 10 
appendicitis 1: 107; 3: 5 4 3 -  548  
biliarv fistula 1 : 186 
biliary tree 3: 5 5 0 -5 5 1  
cholangíocarcinom a 1: 302  
contrast agenls 3: 5 5 4 - 5 5 5  
clasticity im aging 3: 555



endoscop ic. see Endoscopic  
ultrasonography  

gallstones 1: 326  
gastric em ptying 2: 121 
in tussusception  2: 459  
liver 3: 5 4 4 —550  
liver abscess 2: 514  
pancreatic cancer 3: 44, 61, 552  
pancreatitis, acute 3: 105, 5 5 2 - 5 5 4  
porcelain gallbladder 3: 207  
primary sclerosing  cholangitis 1: 312  
prospects 3: 5 5 4 - 5 5 5  
pyloric sten osis 3: 543  
sphincter o f  Oddi dysíu n ction  3: 436  

ultrastructure  
deíin ition  1: 25 
gallsiones 1: 326  

Um ami, definition 3: 48 7 , 490  
Uncinate process, deQ nition 3: 25 
U nđernutrition , deíĩn ition  3: 242  
Uniparental d isom y, defin ition  3: 227  
Unsúrrcd water layer (UW L) 

acid m icroclim atc 1: 163 — 164  
detinilion 1: 158 
elĩective resistance 1 : 161 — 162  
íorm ation 1: 161
lipid absorpúon barrier 1 : 158, 1 6 0 -  1 62  
thickness 1 : 161 — 162  

Upper esốphageal sphincter (UES) 
anatom y 1: 7 6 4 —765  
definition 3: 566  

Upper gasiroiruesúnal b lceding  
áiigỉogiaphy 3: 563 
clinical presentation 2: 2 9 0 -2 9 1  
dePinition 2: 604; 3: 557  
endoscopic hem ostasis 

cfficacy 3: 562  
recurrent bleeding 3: 562 
tcchniques 3: 5 6 1 —562 , 572  
variceal b leedíng 3: 562  

ep idem iology 3: 557  
etio logy 3: 557  
m edical therapy 3: 563  
nonsteroidal anti-inflam m atory drug 

thcrapy m oditicaúon 3: 564  
posttherapy follow up 3: 5 6 3 - 5 6 4  
risk assessm ent 3: 5 5 9 -5 6 1  
surgical therapy 3: 563  
w orkup 3: 5 5 7 - 5 5 8  

U ppcr gastrointestinal endoscopy, sec also 
Percutaneous en d oscop ic gasư ostom y  

com plicaúons
bleeding 1: 6 9 1 —692  
dilation procedurc com plications  

1: 692
esophageal stenúng and m alignancy  

treatm ents 1: 6 9 2 - 6 9 3  
foreign body retrieval .1: 693  
hem ostatic procedure com plications

1: 692

overview  3: 567  
períoration 1: 69] 

duodenum  3: 569 — 570  
en d oscop es 3: 5 6 6 —567  
esophagus 3: 5 6 8 —569, 5 7 1 —572  
hem ostasis  

effìcacy 3: 562  
recurrenl b leed ing 3: 562  
techniques 3: 5 6 1 —562, 572  
variceal b leed ing 3: 562  

ind ications 3: 5 6 7 —568  
patient preparaúon 3: 567 — 568  
rccoverv 3: 570  
sedation  3: 567  
stoinach  3: 569 

Urca brcath tesl, Helicobactcr pylori 
diagnosis 2: 276  

u  rease. 
brcath test 1: 645, 649  
defin ilion  1: 645; 2: 272  
gastric b iopsy lesting 2: 157 
rapid ureasc tests 2: 2 7 6 —277  

U reolysis, dcRnition 1: 227  
Ureler, sten ting  3: 452  
U rocorún, satiety signaling 3: 333  
U roguanylin

antitum or activity 2: 2 6 3 —264  
biological activity 2: 2 6 2 —263  
defm ition  2: 262  
m echanism  o f action 2: 263  
pathogen m im icry 2: 262  
salt hom eostasis regulation 2: 263  
Slructurc 2: 262  

U rsodeoxycholic  acid, colorectal cancer 
chem oprevention  1: 465  

U veitís
d eíìn iú on  1: 169, 385  
ulcerative colitis association ]: 390  

UW L, see Unstirred w aler layer

V
V agotom y

com plications 3: 284 
detinition  1: 634; 3: 284, 307, 397  
ind ications 3: 284  
pyloric stenosis induction  3: 287  

Vagus nerve
behavioral consìderatíons and sensation  

3: 5 7 5 - 5 7 6  
d eẵn ition  3: 68, .329, 45 8 , 573  
íu n clional organization of vago-vagal 

reílexes 3: 575 
history o f slu d y  3: 573  
m otor innervation 3: 5 7 3 - 5 7 4  
sensorv cndings 3: 3 4 0 —341, 345  
sensory innervation 3: 5 7 4 —575  
stom acb innervation 2: 1 0 9 -1 1 0 ,  

1 3 4 - 1 3 5
Valves o f H ouston, delĩn ilion  3: 371 
Variceal band ligation, deriniúon 3: 576

Variccs, see C í ỉ s o  Esophageal varices 
clin ical teaiures 3: 471 
deíĩn ition  2: 555; 3: 468  
bem orrhage

d cvelop m en t 3: 212  — 213  
prediction  3: 577  
risks 3: 213  

p a íh ogcn esis 3: 577  
V ascular abnorm alities, see also Blue 

rubber bleb n evu s syndrom c; 
H em angiom a; Hereditarv 
hcm orrhagic telangiectasia; Vascular 
ectasia

antral, see Gastric antral vascular ectasia  
classiíìcation  3: 593  — 594  
clin ical ĩealures 3: 5 8 7 - 5 8 8  
d iagn osis 3: 588  
pathology  3: 587 — 588  
pcdiatric m alform ations

arteriovenous m alform ations 3: 598  
capillary m alform ations 3: 596  
com p lex  com bined  m alíorm ations  

3: 598
lym phatie m alform atìons 3: 598  
ven ou s m allorm ations 3: 5 9 6 - 5 9 8  

scleroderm a 3: 590  
ireaim ent 3: 589  

V ascular endothelia l grow th factor 
(VHGF) 

íu n ctio n  2: 252 
structure 2: 252  

V asculitis  
classitica iion  3: 6 0 0 - 6 0 1  
clin ical leatures 

Ểutaneous 3: 602  
gastrointestinal 3: 602  
m usculoskeletal 3: 602 
n eu rolog ic  3: 6 0 2 - 6 0 3  
pulm onary 3: 603  
renal 3: 602  
system ic 3: 602  

d cíĩn ition  3: 6 0 0  
d iagn osis 3: 603  
ep id em io logy  3: 600  
etio logy  3: 600  
path ogen esis 3: 6 0 0 , 602  
p rogn osis 3: 603  
treatm ent 3: 603  

V asoactive in testinal peptide (VIP) 
bio log ica l activúy

cell grow th and di[ferentiation 3: 608  
in ílam m ation  m odu lation  3: 608  
secretion  stim ulation  3: 607  
sm ooth  m uscle  relaxation 3: 608  

cirrhosis role 3: 609  
deíìn ition  2: 145; 3: 38 , 604  
h o m o lo g s 3: 605
pancreatic bicarbonate secretion rolc 3: 39 
receptor antagon ists for diarrhea 

treatm cnt 1: 97



V asoactive in tesúnal pepticìe (VIP) 
ịcontinued) 

receptors
related receptors 3: 606  
scintigraphy 3: 609  
VPAC1 3: 6 0 5 - 6 0 6  
VPAC2 3: 606  

release and m etabolism  3: 607  
structure 3: 605  
tìssue d istribuúon  3: 606  
tum or secretion, see V ipom a  

V asoconstriction , deíin ition  2: 289; 3: 566  
Vasodilator, dcR niúon 2: 450  
Vasopressin

deíìn ition  2: 685  
csophageal variees hem orrhage  

p reven ũ on  and m anagem ent 
3: 215,  581 

V ecúon , defin ition  2; 685  
VEGF, SEP V ascu lar  en d o thc l ia l  g ro w th  

factor
V cn oocclu sive d isease, d efin ition  1: 114, 

230
Verbal dyspraxia, deíin ition  2: 83  
Verm iíorra, d eíin ition  1: 104  
Vertical banded gasư opathy, see Gastrie  

stapling
V ery-low -density lipoprotein  (VLDL), see 

aìso L ipoproteins  
d eíin ition  1: 99  

V csicle, deR nilion 1: 177, 343  
Vibrío chnlerae 

cholera tox in  1: 136  
diarrhea, see Cholera  
m icrob iology
zona occlu d en s tox in  1: 137  

V illus, defin ition  1: 725; 3: 199  
V1P, see V asoactive intestinal peptide  
VlPoma

clinical ĩeatures 3: 609  
d eíin ition  2: 676; 3: 611  
diagnosis 3: 609 , 6] 2 
im aging 3: 609  
staging 3: 61 2 
treatm ent 3: 609 , 6J 2 

V irchow ’s node, definition  3: 58  
Virtual co lon oscop y  

advantages 3: 6 1 4 —615  
dcR nition 3: 180, 613  
lim itations 3: 615  
períorm ance data 3: 614  
prospects 3: 615  
technique 3: 6 1 3 —614  

V irus-like particle, deíìn ition  2: 197  
Visceral hypersensitivity, deR nition 3: 299  
Vitamcr, definition  2: 44  
Vitam in A

absorption 3: 617  
dctĩcicncy 3: 618  
deíĩn ition  3: 616

dietary sources 
anìm als 3: 616  
plants 3: 616
retinol activity equivalents 3: 617  

digestion 3: 617  
precursors 3: 616  
toxicity 3: 618  

Vitamin BI
absorption 3: 6 3 0 —632  
deíìciency 3: 630  
ỉunctions 3: 630  
intesúnal transporters 3: 632  

Vitamin B2
absorpáon 3: 632  
deíĩciency 3: 632  
íunctions 3: 632  
uptake regulation 3: 6 3 2 —633  

Vitamin B3
absorption 3: 633  
d eíìciency 3: 633  
functions 3: 633  

Vitamin B6 
absorption 3: 633  
delìciency 3: 633  
functions 3: 633  

Vitamin B12, aee also C obalam in deíìciency  
assim ilation and m etabolism  

intcstinal parietal transport 
3: 6 2 0 - 6 2 1  

intraluminal stage 3: 620  
m etabolism  3: 6 2 1 - 6 2 2  
proteìns

haptocorrin 3: 619  
intrinsic factor 3: 6 1 9 —620, 634  
transcobalam in 3: 619  

deẵciency  
anem ia 3: 622  
atrophic gastritis 3: 622  
bacterìal ovcrgrow th 3: 6 2 2 - 6 2 3  
cobalam in m alabsorption 3. 622  
dietary deR ciency 3: 622  
gastreclom y 3: 622  
genetic defects 3: 623  
obslructive jaund ice 3: 622  
pancreatic insufficiency 3: 622  
parasùic infection 3: 623  
treatment 3: 623  
tropical sprue 3: 623  
Z ollinger—E llison  syndrom e 

3: 623
deíìn ition  1: 363; 2: 455; 3: 619  
íunctions 3: 633 — 634  

Vitamin c
absorption 3: 634  
deticiency 3: 634  
íunctions 3: 634  
ưansport svstem s 3: 6 3 4 —635  
uptake regulation 3: 6.35 

Vitamin D
balance 1: 2 5 2 —253

d eíìcicncy 1: 253  
m etabolism  1: 248, 253  
parathyroid horm one interactions 

1: 2 4 8 - 2 5 0  
Vitamin K

absorption 3: 624  
d elìciency 3: 6 2 5 —626  
m etabolism  3: 6 2 4 - 6 2 5  

Vitam ins
deíĩn ition  2: 44 
Dietary reíerence intakes:

1: 615-616  
digestion

fat-soluble vitam ins 1: 627—628 
w ater-soluble vitam ins 1: 627  

parenteral nutrition 3: 1 3 3 - 1 3 4  
transporl regulation 2: 758  

VLDL, See V cry-low -density lìpoprotein  
VNO, see Vom eronasal organ 
Volatile sulíide com pounds, see Halitosis 
V olvulus, see also C olonic volvulus; 

Gastric volvulus  
đ eíinú ion  ]: 366, 434; 2: 223, 228, 614;

3: 151,  194, 627  
m idgut volvulus

clin ical m aniíestaúons 3: 628  
diagnosis 3: 628  
elio logy  3: 628  
treatnient 3: 628  

Vom eronasal organ (VNO) 
deíìn ition  3: 487  
íuncúon  3: 4 9 2 - 4 9 3  

V om úing, scc Em csis

w
W arfarin, m echanism  ot' action  

3: 624
VVatermelon stom ach, see Gastric. antral 

vascular ectasia 
W ebs

antral w ebs 3: 639
congcnital esophageal webs 2: 217;

3: 6 3 8 - 6 3 9  
đ d ìn ú io n  1: 636; 2: 443; 3: 638  
duodenal w ebs 3: 640  
esophageal webs 1: 768; 3: 638  

W eđge bíopsy, definition 2: 516  
w h ip p le  operation, see aìso 

Pancreaúcoduodenectorrvy 
cholangiocarcinom a 1: 304  
definition 1: 204  

w h ip p le 's  disease
clinical lealures 3: 6 4 1 —642  
deíin itìon 3: 641
diagnosis 2: 6 0 1 -6 0 2 ; 3: 6 4 1 -6 4 2  
etio logy 2: 601; 3: 64] 
pathophvsiology 2: 601 
treatment 3: 642  

W hipw orm , clinical íeatures and  
m anagement 2: 694; 3: 128



W hole-body neutron activation, deíinition  
2: 607  

W ilson's diseasc 
d eíin ition  3: 643  
d iagnosis 3: 6 4 3 - 6 4 4  
ep id em io logy  3: 643  
p athophvsio logv 3: 643  
p rogn osis 3: 6 4 6 —647  
treatm ent 3: 6 4 4 —645  

W in d sock , definition  3: 638  
W isk ott-A ld rich  syndrom e, íeatures 2: 426

X
X anthelasm a, definition  1: 336  
Xanthom a

A lagille syndrom c 1: 20  
definition 1: 336 

X enolytic breath test 
deR nuion  1: 227
labeled carbon d iox id e  tests ]: 228  

X erostom ia
d eíìn ition  3; 318, 38 4 , 649
etio logy  3: 6 4 9 —6 50
oral and system ic effects 3: 649

saliva role in oral and system ic hcalth 
3: 649  

treatmcru 3: 388, 650
X -linked agam m aglobulinem ia, íeaiures 

2: 426

Y
Yersinia 

epideraiology 3: 651 
m icrobiologỵ 3: 651 
pathogenesis of gastrointestinal disease 

3: 652  
ireatm ent 3: 652  
virulene tactors 3: 652

z
Zenker’s d iverticulum  

anatom v 3: 653  
deíìn ition  1: 656; 3: 653  
diagnosis 3: 6 5 3 —654  
e lio logy  3: 653  
history of study 3: 65.3 
incid en ce 3: 653  
p alhophysio logy 3: 653

surgical m anạgem ent 1: 751 
treatm ent 3: 654  

Z cta-inicracting proteins, defini-tion 
3: 502

Zinc
d eficiency 3: 5 0 3 - 5 0 4  
íu n cù o n s 3: 503  
genetic d isorders 3: 505  
regulation  3: 505  

Zinc Rnger m otif, defin iúon  
3: 502

Z o llin g er-E Iliso n  syndrom e  
clin ical presentation  2: 602  
d cfin ition  2: 172 
d iagnosis 2: 175,  602  
duodenal u lcer 1: 647  
gastrinom a 2: ) 73 
treatm ent 2: 602  

Z oon osis, dcR nition ]: 527  
Z ym ogen, d cfin ition  3: 49 , 95  
Z ym ogen granulc

dcfinition  1: 769; 3: 49 , 68 
exocy to sis  3: 7 4 —75  

Z ym ogen ic cell, deíìn ition  1: 725
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