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ABOUT THE SERIES

Dr. Frank Netter at work. 

Dr. Frank H. Netter exemplified the 
distinct vocations of physician, artist, 

and teacher. Even more important— 
he unified them. Netter’s illustrations 
always began with meticulous research 
into the detailed human clinical  
anatomy and pathology, a philosophy 
that steered his broad and deep medical 
understanding. He often said: “Clarifi
cation is the goal. No matter how beau
tifully painted, a medical illustration  
has little value if it does not make clear a 
medical point.” His greatest challenge 
and greatest success was charting a 
middle course between artistic clarity 
and instructional complexity. That suc
cess is captured in this series, beginning 
in 1948, when the first comprehensive 
collection of Netter’s work, a single 

volume, was published by CIBA Pharmaceuticals. It  
met with such success that over the following 40 years 
the collection was expanded into an 8volume series—
each devoted to a single body system.

In this second edition of the legendary series, we are 
delighted to offer Netter’s timeless work, now arranged 
and informed by modern text and radiologic imaging 
contributed by highly respected neurologic authorities 
from worldrenowned medical institutions, and supple
mented with new illustrations created by artists working 
in the Netter tradition. Inside the classic green covers, 
students and practitioners will find hundreds of original 
works of art—the human body in pictures—paired with 
the latest in expert medical knowledge and innovation 
and anchored in the sublime style of Frank Netter.

Noted artistphysician, Carlos Machado, MD, the 
primary successor responsible for continuing the Netter 
tradition, has particular appreciation for the Green Book 
series. “The Reproductive System is of special significance 
for those who, like me, deeply admire Dr. Netter’s work. 
In this volume, he masters the representation of textures 
of different surfaces, which I like to call ‘the rhythm of 
the brush,’ since it is the dimension, the direction of the 
strokes, and the interval separating them that create the 
illusion of given textures: organs have their external 
surfaces, the surfaces of their cavities, and texture of their 
parenchymas realistically represented. It set the style for 
the subsequent volumes of Netter’s Collection—each an 
amazing combination of painting masterpieces and 
precise scientific information.”

Though the science and teaching of medicine endures 
changes in terminology, practice, and discovery, some 
things remain the same. A patient is a patient. A teacher 
is a teacher. And the pictures of Dr. Netter—he called 
them pictures, never paintings—remain the same blend 
of beautiful and instructional resources that have guided 
physicians’ hands and nurtured their imaginations for 
more than half a century.

The original series could not exist without the dedica
tion of all those who edited, authored, or in other ways 
contributed, nor, of course, without the excellence of Dr. 
Netter. For this exciting second edition, we also owe our 
gratitude to the Authors, Editors, Advisors, and Artists 
whose relentless efforts were instrumental in adapting 
these timeless works into reliable references for today’s 
clinicians in training and in practice. From all of us with 
the Netter Publishing Team at Elsevier, we thank you.

The single-volume “blue book” that paved the way for 
the multivolume Netter Collection of Medical Illustrations 
series aff ectionately known as the “green books.” 

Dr. Carlos Machado at work. 

A brand new illustrated plate painted by Carlos Machado, 
MD, for The Endocrine System, Volume 2, 2nd ed.

Carney complex is characterized
by spotty skin pigmentation.
Pigmented lentigines and blue
nevi can be seen on the face–
including the eyelids, vermillion
borders of the lips, the
conjunctivae, the sclera–and the
labia and scrotum.

Additional features of the 
Carney complex can include:

Myxomas: cardiac atrium,
cutaneous (e.g., eyelid),
and mammary

Testicular large-cell
calcifying Sertoli cell tumors

Growth-hormone
secereting pituitary adenomas

Psammomatous
melanotic schwannomas

PPNAD adrenal glands are usually of normal size and most are
studded with black, brown, or red nodules. Most of the pigmented
nodules are less than 4 mm in diameter and interspersed in the
adjacent atrophic cortex.

CUSHING’S SYNDROME IN A PATIENT WITH THE CARNEY COMPLEX
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James C. Reynolds, MD, Editor, is professor of 
medicine and the June F. Klinghoffer Distinguished 

Chair of the department of medicine at Drexel Univer-
sity College of Medicine in Philadelphia.

Dr. Reynolds, a native of Florida, graduated from 
Florida State University and received his medical 
degree from the University of Florida, where he was 
president of his class and received several honors, 
including admission to Alpha Omega Alpha as a junior, 
the John B. Gorrie Award as the student with the best 
promise for outstanding future performance, as well as 
research awards. He completed his residency at Cornell 
University at New York Hospital and Memorial Sloan 
Kettering Cancer Center. He then completed a 3-year 
fellowship at the Hospital of the University of  
Pennsylvania. He joined the faculty at the University of 
Pennsylvania, where he became program director and 
associate chief of the division. He remained funded by 
the National Institutes of Health (NIH) and other 
national organizations for his research into the effect of 
neuropeptides on gastrointestinal motility. In 1990 he 
became chief of the division of gastroenterology, hepa-
tology, and nutrition at the University of Pittsburgh, 
where he was a tenured associate professor of medicine 
and cell biology. He was co-director of the Centers for 
Digestive Health and an associate professor of medicine 
and cell biology. In 1996 he became professor of  
medicine with tenure and chief of the division of gas-
troenterology and hepatology at MCP Hahnemann 
University, now the Drexel University College of Med-
icine. He held this position and that of program direc-
tor from 1996 to 2008. In those 12 years he held 
numerous leadership roles in the hospital and college 
of medicine. He was elected vice-president of the uni-
versity physicians practice plan (Drexel University 
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Physicians) and served in this role from 1999 to 2007. 
From 2006 to 2008 he served as president of the medical 
staff at Hahnemann University Hospital and was a 
member of the board of directors of the hospital. He 
became interim chair of medicine in 2002. In 2005 he 
was named the June F. Klinghoffer Distinguished Chair 
of the department of medicine. As Chair he has led the 
department to a fivefold increase in clinical billing while 
doubling faculty size and extramural research income. 
The department continues to receive accolades for its 
support of exceptional quality and transplantation  
outcomes and for the national recognition of several 
divisions.

Dr. Reynolds is a member of the editorial board of 
Digestive Diseases and Sciences and is a reviewer for many 
other journals. He has published over 100 manuscripts 
in peer-reviewed journals and has coedited five books. 
He has received numerous honors including Phi Beta 
Kappa, AOA, and “Physician of the Year” in 1995 by 
the Greater Pittsburgh Chapter of the Crohn’s and 
Colitis Foundation of America, and has been recog-
nized as the most outstanding gastroenterologist in 
Pittsburgh on two separate occasions by Pittsburgh 
Magazine. He has also been named among Philadel-
phia’s “Top Docs” 10 times by Philadelphia Magazine. 
He has received teaching awards in both basic and clini-
cal sciences from the University of Pennsylvania and 
Drexel.

Dr. Reynolds is board certified in internal medicine 
and gastroenterology and hepatology by the American 
Boards of Internal Medicine. His primary clinical inter-
ests are in the early detection and prevention of cancer, 
complications of gastroesophageal reflux, and gastroin-
testinal motility disorders.

Peter J. Ward, PhD, Senior Associate Editor, was 
born in Denver but grew up primarily in Casper, 

Wyoming, graduating from Kelly Walsh High School 
in 1992. He attended Carnegie Mellon University in 
Pittsburgh and graduated with a bachelor of science 
degree in biology (genetics, biochemistry, molecular 
biology) with a minor in chemistry in 1996. He first 
encountered gross anatomy, histology, embryology, and 
neuroanatomy at the College of Veterinary Medicine in 
1998. Having found a course of study that engrossed 
him, he matriculated through these courses at Purdue 
College of Veterinary Medicine, as well as at the branch 
campus of the Indiana University School of Medicine. 
Dr. Ward completed a master’s degree in Dr. Kevin 
Hannon’s muscle research laboratory and then began a 
doctorate program in anatomy education under Dr. 
James Walker. He completed his thesis work in 2005—
strategies to improve student achievement and recall of 
medical anatomy—a qualitative and quantitative study.

In July 2005 Dr. Ward joined the faculty of the West 
Virginia School of Osteopathic Medicine (WVSOM) in 
Lewisburg, West Virginia. He has taught gross anatomy, 
embryology, neuroscience, histology, radiography, and 
the history of medicine. During this time he has also 
been director of the WVSOM plastination facility, 
coordinator of the graduate teaching fellows, chair of 
the curriculum committee, creator and director of a 
clinical anatomy intensive elective course, host of many 
anatomy-centered events between WVSOM and the 
Japan College of Osteopathy and the Atlas College of 
Osteopathy. Dr. Ward has also served on the council of 
the American Association of Clinical Anatomists  
and several of the special interest groups of the same 
organization. He is also a member of the American 
Association of Anatomists, American Association for 
the History of Medicine, and the American Association 
of Veterinary Anatomists. His research continues to 
explore how medical students learn effectively, with 
particular emphasis on anatomy. In conjunction with 
Bone Clones, Inc., Dr. Ward has been producing a 
series of tactile models that mimic the feel of anatomical 
structures when intact and when ruptured during the 
physical examination. He enjoys exploring the use of 
video and other media as a supplementary resource in 
medical education. These videos are available to view 
at Clinical Anatomy Explained! on YouTube.
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committee, and web-based education subcommittee, 
and she has chaired the CME subcommittee. She was 
selected as the co-director of the annual postgraduate 
course for the AGA at Digestive Disease Week in 2000 
and as the director for this course for 2017. She also 
has served on both the women’s committee and educa-
tion committee of the American College of Gastroen-
terology (ACG). She has prepared many educational 
products, including slide sets and problem-based learn-
ing cases, and has edited a textbook in GI entitled Gas-
trointestinal and Hepatobiliary Pathophysiology. She 
edited her second book on Constipation: A Practical 
Approach to Diagnosis and Treatment, which was pub-
lished in 2014.

In her role in medical education, Dr. Rose completed 
a 2-year term as co-chair of the Northeast Group on 
Educational Affairs (NEGEA) of the Association of 
American Medical Colleges (AAMC) and served as the 
chair of the group on educational affairs of the Associa-
tion of American Medical Colleges. She has extensive 
experience in curriculum development and was a leader 
of the development of the clinical curriculum at Mount 
Sinai and now in leading curriculum reform at 
UCONN. Dr. Rose has been chosen as LEAD faculty 
for a leadership in academic medicine program of the 
AAMC. Dr. Rose was selected to receive the NEGEA 
distinguished service and leadership award in April 
2015 as the inaugural recipient.

Dr. Rose has presented at meetings of the AAMC, 
AGA, ACG, and American College of Physicians. 
Topics of presentations have been diverse and include: 
leadership, mentoring, academic advancement, curricu-
lum development, student professionalism, gastroen-
terology education, as well as gastroenterology topics 
related to health and disease in women and motility. 
She is the author of many publications and scholarly 
works in medical education and in GI disorders, and for 
these scholarly achievements she attained the rank of 
professor of medicine (and professor of medical educa-
tion) with academic tenure while at Mount Sinai,  
and upon review again, was awarded this status at the 
University of Connecticut.

Dr. Rose received her bachelor’s degree in Russian 
language and literature from the University of Pennsyl-
vania, followed by a master’s degree in education from 
Penn. She spent the summer of 1976 at Leningrad State 
University. She taught high school for 2 years and was a 
park ranger at the Grand Canyon before completing 
postbaccalaureate studies at Columbia University to 
pursue a career in medicine. She graduated from Case 
Western University School of Medicine in Cleveland as 
a member of Alpha Omega Alpha, and also did her 
internship and residency at Case. Her GI fellowship, 
including her final year as the chief fellow, was done at 
The Cleveland Clinic. Dr. Rose credits her success to 
her wonderful family. She is managing her hectic, but 
always exciting, LAT (living apart together) life includ-
ing her mutual-commuting marriage to Rabbi Kenneth 
A. Stern. She and her husband have two amazing grown 
children, Zachary, an attorney, and Isadora, a profes-
sional in higher education administration. Personal 
interests include traveling, snorkeling, reading, and col-
lecting turtles.

Suzanne Rose, MD, MSEd, Associate Editor, was 
appointed the senior associate dean for education at 

the University of Connecticut School of Medicine in 
2011. Within 1 year of her arrival at UConn she was 
able to successfully lead the institutional limited site 
survey with the LCME, rectifying numerous issues, and 
transforming the educational setting into a team-based 
collaborative environment working together to move 
forward an innovative curriculum reform project. 
Before her arrival at UConn, she served for 13 years at 
Mount Sinai School of Medicine in various leadership 
capacities including associate dean for academic and 
student affairs, associate dean for continuing medical 
education, and vice-chair for faculty affairs. She previ-
ously held positions at Cornell University Medical 
College in New York City (1996-1997) as the director 
of motility and the second-year pathophysiology course. 
She also was on faculty at the University of Pittsburgh 
from 1990 to 1996, where she ran the second-year GI 
course. She played leadership roles in the gastroenter-
ology (GI) fellowship programs at both Pittsburgh and 
Cornell.

Dr. Rose’s clinical interests are in pelvic floor dys-
function and GI disorders in women. She has served 
many leadership roles in GI organizations. She has been 
an active participant in the American Gastroenterologi-
cal Association (AGA) and was elected by her peers to 
serve on the governing board of the AGA as education 
councilor. She will be a recipient of the AGA Distin-
guished Educator Award, 2016. This resulted in a pro-
posal for a new model of continuous professional 
development with flexible and adaptive learning tai-
lored to the individual needs of practitioners. She also 
convened all of the GI societies to create entrustable 
professional Activities (EPAs) for GI fellowship train-
ing, which was published with Dr. Rose as the lead 
author in the summer of 2014 in multiple journals. In 
addition to partnering to create the AGA academy of 
educators, the first subspecialty academy to foster 
teaching and educational scholarship, she is currently 
working on a future leaders program for the AGA. Prior 
roles in this organization include chair of the education 
and training committee, member of future trends com-
mittee, GI teaching project committee, nominating 

Missale Solomon, MD, Associate Editor, is cur-
rently an assistant professor of medicine at Drexel 

University College of Medicine. She is the director of 
nutrition and small bowel disorders in the division of 
gastroenterology and attending gastroenterologist in 
the Drexel Adult Cystic Fibrosis Center. She received 
her medical education at Jimma University in Ethiopia 
and later attended Drexel University College of Medi-
cine for her internal medicine residency and gastroen-
terology fellowship. In 2014 she received the Nestle 
nutrition clinical fellowship. She is also the recipient of 
the Developing Innovative Gastroenterology Specialty 
Training (DIGEST) grant offered by the Cystic Fibro-
sis Foundation. Dr. Solomon’s clinical practice focuses 
on nutritional disorders related to gastrointestinal dys-
function and gastrointestinal complications related to 
cystic fibrosis. Her academic interests include of devel-
opment of nutrition-based curriculum, adopt protocols 
and standardize practices to aide in the training of 
future residents and fellows. Dr. Solomon and her 
husband Samson live in Marlton, New Jersey with their 
two children.
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The opportunity to continue to promote the extraor-
dinary educational value of the exquisite art of Dr. 

Frank Netter in a state-of- the-art update of this classic 
series has been an honor for me and my esteemed asso-
ciate editors. Netter’s images have brought insightful 
value to students for over 6 decades and have now been 
updated and enhanced to benefit future generations of 
students. This updated edition of Digestive System has 
been rewritten and renewed to include cutting-edge 
science and state-of-the-art endoscopic, pathologic, and 
radiographic images, along with Netter’s ageless draw-
ings and images that provide insights that foster stu-
dents’ and practitioners’ understanding of the anatomy, 
physiology, and pathophysiology of all eight regions 
that make up the fascinating and complex digestive 
system.

Frank Netter, MD, described by the Saturday Evening 
Post as the “Michelangelo of Medicine,” continues to be 
an icon in medical education. The insightful imagery 
of his medical illustrations provides value for students 
at all levels of experience who seek insights into the 
structure and function of digestion in ways that few 
other texts have in the history of medical education. His 
vision for these texts—integrating factual information 
with visual aids—provides unparalleled insights. While 
born at the onset of the twentieth century, his back-
ground mimics many modern medical students— 
beginning his education in the arts before becoming a 
scientist. By following his mother’s wishes to move 
beyond art and into medicine, Frank Netter used his 
passion and brush to communicate the science and the 
art of medicine in unparalleled ways. In distinction to 
anatomy texts that offer images of structure only,  
Netter’s paintings also brought incredible insights into 
the pathophysiology of disease. Just as important, in 
ways unsurpassed by any other text, he and his dedi-
cated disciples have illustrated how patients are affected 
by the suffering caused by disease. In all three of these 
revised parts of Digestive System, new artists, committed 
to the style and value of Dr. Netter’s illustrations and 
led by Carlos Machado, MD, have modernized both the 
science and the art of his illustrations in all aspects of 
the digestive system.

This update of the digestive system’s anatomy and 
disease has taken a new approach to communicate the 

PREFACE

complexity and integrated beauty of this fascinating 
organ system. The classic images Dr. Netter drew were 
preserved whenever possible and altered only as neces-
sary. Dozens of modern radiographic and endoscopic 
images have been added to all sections in all volumes. 
The first section in both Parts I and II summarizes 
shared aspects of the digestive system. Each subsequent 
section is dedicated to a specific organ and reviews 
normal anatomy and physiology, pathology, pathophys-
iology, and disease presentation and treatment.

Each section has been written by authors who were 
chosen for their dedication to teaching the fascinating 
aspects of the digestive system. I had the honor of 
choosing incredibly distinguished associate editors with 
whom I have had the pleasure of working throughout 
my career. In each case they have published expertise 
in their respective organ system and have demonstrated 
their commitment to and skill in medical education. 
Their knowledge and insights bring updated scientific 
understanding of disease mechanisms and current treat-
ments that will convey understanding of the largest and 
most complex organ system that is unparalleled by 
other texts. In each section, Dr. Peter Ward updated 
each of the subsections on normal anatomy and physiol-
ogy. He has worked hard to preserve the original pic-
tures of Dr. Netter while ensuring the accuracy of the 
text based on current terminology and science.

In Part I of this three-part set I sought to provide 
insights and an overview of the upper digestive tract. 
Michele Young, MD, associate chief of gastroenterology 
at the University of Arizona’s Veterans Administrative 
Hospital in Phoenix, has written the first organ-focused 
chapter on the complex anatomy, physiology, and patho-
physiology of pharyngeal and upper esophageal func-
tions. New insights into imaging and physiologic 
understanding of the complexities of swallowing are 
provided. David A. Katzka, MD, distinguished profes-
sor of medicine at the Mayo Clinic, revised the section 
on the esophagus, and is clearly one of the world’s 
authorities on the topic. New insights into diseases that 
are common today but were not known at the time of 
the first edition, including Barrett’s esophagus and 
eosinophilic esophagus, are beautifully illustrated and 
discussed. Part I closes with a section by Henry Parkman, 
MD, a renowned gastric physiologist and physician 

from Temple University. Dr. Parkman brings a special 
new focus on the neurophysiology and electrical physi-
ology of normal gastric function and disease.

I review common anatomic, physiologic, and clinical 
aspects of intestinal disorders in Section 1 of Part II. In 
Section 2, Dr. Missale Solomon offers a beautifully 
written treatment of normal and abnormal disorders of 
the primary digestive organ, the small intestine. In 
Section 3, one of modern gastroenterology’s eminent 
educators and Dean at the University of Connecticut, 
Suzi Rose, MD, discusses the colon.

Part III reviews the normal physiology and patho-
physiology of the liver, biliary tract, and pancreas. 
Grace Su, MD, a distinguished clinician and scientist 
from the University of Michigan, has exquisitely 
updated the section on the liver in a way that will bring 
great insights into this, the largest solid organ in the 
body. John Martin, MD, another premier physician 
from the Mayo Clinic, provides wonderful modern 
images of the biliary tract in Section 2, as well as 
descriptions of its many associated disorders. Section 3, 
on pancreatic function and disease, is written by one of 
the world’s premiere scientists and clinicians on pancre-
atology, Dr. David Whitcomb, chief of gastroenterol-
ogy and hepatology at the University of Pittsburgh.

I would like to express my gratitude for the talented 
and dedicated contributors to this wonderful update. 
First and foremost, thanks must be given to Dr. Netter 
posthumously for providing the initial version of this 
text and its wonderful illustrations. I especially want to 
thank the associate editors and other contributing 
authors. I also want to thank the amazing artists  
who work with the publishers, Jim Perkins, Tiffany 
DaVanzo, Kristen Wienandt Marzejon, and especially 
Dr. Machado, for their talents and commitment to  
preserving the magnificent style and imagery of Dr. 
Netter’s drawing. I want to thank my editors at Elsevier,  
Marybeth Thiel and Elyse O’Grady, for their expertise, 
patience, and support. Finally, I want to thank my 
loving wife for more than 4 decades of unwavering 
support of my efforts to make contributions to the field 
of gastroenterology, which never ceases to fascinate and 
challenge me.

James C. Reynolds, MD
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ARTERIES OF SMALL INTESTINE

Blood Supply of Small and 
large InteStIneS

The blood supply to the small and large intestines is 
extremely variable and unpredictable. The variations 
concerning the origin, course, anastomoses, and distri-
bution of the intestinal vessels are so frequent and so 
significant that conventional textbook descriptions are 
inadequate and, in many respects, even misleading, a 
situation much the same as that of the blood supply  
of the upper abdominal organs. Because of this vari-
ability, the surgeon should have an intimate acquain-
tance with the entire spectrum of the gut’s arterial 
supply in order to avoid operative errors, such as devas-
cularization of intestinal sections, which might inadver-
tently induce necrosis leading to rupture and peritonitis. 
In this overview, we will review the most typical branch-
ing patterns of the vessels associated with the small  
and large intestines. In the sections devoted to each 
organ, we will consider the complex variations that may 
be encountered.

The digestive tract within the abdominal cavity 
receives nearly all of its blood supply from three 
unpaired branches of the abdominal aorta. The foregut 
organs (distal esophagus, stomach, liver, gallbladder, 
spleen, pancreas, and proximal duodenum) are supplied 
by the celiac trunk, a large artery that leaves the abdomi-
nal aorta shortly after passing through the diaphragm. 
The small and large intestines receive their blood 
supply from the other two unpaired vessels of the  
aorta, the superior mesenteric and inferior mesenteric 
arteries.

The superior mesenteric artery arises from the ante-
rior wall of the abdominal aorta immediately inferior to 
the celiac trunk. It supplies the midgut organs (distal 
duodenum, part of the head of the pancreas, jejunum, 
ileum, cecum, vermiform appendix, ascending colon, and 
transverse colon) before forming anastomoses with the 
inferior mesenteric artery. One of the first arteries to 
arise from the superior mesenteric artery is the middle 
colic artery, which supplies the most distal midgut struc-
ture, the transverse colon. The position of the transverse 
colon is a remnant of the rotation and extreme elongation 
of the embryonic gut tube that occurs as it reaches its 
mature state. We will revisit this artery again as it anas-
tomoses with the blood supply to the ascending colon.

Another proximal branch of the superior mesenteric 
artery is the inferior pancreaticoduodenal artery. It splits 
into an anterior branch and a posterior branch that 
sandwich the inferior aspect of the head of the pancreas. 
These vessels, as their name implies, also supply the 

distal duodenum as it transitions to become the jejunum. 
The anterior and posterior branches of the pancreati-
coduodenal artery anastomose with two adjacent 
branches of the celiac trunk, the anterior and posterior 
branches of the superior pancreaticoduodenal artery. 
The inferior pancreaticoduodenal artery also forms an 
anastomosis with the next branch off of the superior 
mesenteric artery that supplies the jejunum.

The next branches from the superior mesenteric 
artery are 15 to 18 intestinal branches that are either 

jejunal arteries or ileal arteries. These exit the left side of 
the superior mesenteric artery and travel within the 
intestinal mesentery until they reach the jejunum and 
ileum. The point at which these vessels become covered 
by the two peritoneal folds that become the small intes-
tine’s mesentery is termed the root of the mesentery. As 
these vessels approach the small intestine, they inter-
connect to form a series of loops, or arterial arcades. 
These arcades ensure redundancy in the blood supply 
to the small intestine so that a blockage in one region 



 Overview of Lower Digestive Tract

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS 3

will not cause ischemia of the nearby intestine. The 
arterial arcades give off straight arteries (vasa recta) that 
actually reach the gut tube. Although there is no clear 
transition between the jejunum and ileum, the appear-
ance of the arterial arcades and straight arteries can 
assist in differentiating one from the other. The jejunum 
tends to have simple arcades with one loop between 
adjacent jejunal arteries and fairly elongated straight 
arteries. In contrast, the ileum has more complex 
arcades with two or more loops and relatively short 
straight arteries that reach the ileum.

Exiting the right side of the superior mesenteric 
artery are the ileocolic and right colic arteries. The 
ileocolic artery travels inferiorly and to the right, branch-
ing into an ileal branch and a colic branch. The ileal 
branch anastomoses with the arterial arcades of the ileal 
artery, supplying the terminal ileum. The ileal branch 
also typically gives off the important appendicular artery, 
which travels posteriorly to the ileal arterial arcades, 
through the mesoappendix, and finally to the vermi-
form appendix itself. In the vicinity of the appendicular 
artery, the ileal branch of the ileocolic artery gives off 
an anterior cecal artery and a posterior cecal artery, which 
supply blood to their respective sides of the cecum. The 
right colic artery exits the superior mesenteric artery 
superior to the ileocolic artery and travels transversely 
toward the ascending colon. It forms significant anas-
tomoses with the colic branch of the ileocolic and 
middle colic arteries. The anastomosis occurs primarily 
through a large artery, the marginal artery (of Drum-
mond), which parallels the entire large colon and 
receives blood from the ileocolic, right colic, middle 
colic, left colic, and sigmoid arteries. The marginal 
artery is a vessel that allows blood to reach the entire 
length of the colon even if one of the feeder arteries is 
compromised. From the marginal artery, blood reaches 
the colon itself via straight arteries (vasa recta).

The inferior mesenteric artery is the last of the three 
unpaired vessels that supply the digestive tract. It arises 
from the left anterior aspect of the abdominal aorta 
approximately 3 to 5 cm above the bifurcation of the 
right and left common iliac arteries. It quickly gives off 
several branches, the left colic, sigmoid, and superior 
rectal arteries. The left colic artery travels transversely to 
the left, giving off an ascending artery that travels toward 
the left colic flexure to anastomose with branches of the 
middle colic artery. The rest of the left colic artery 
contributes blood primarily to the descending colon via 
the marginal artery and straight arteries. The sigmoid 
arteries are a series of three to four arteries branching 

Plate 1-2 

ARTERIES OF LARGE INTESTINE
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off of the inferior mesenteric artery which travel within 
the sigmoid mesocolon to reach the sigmoid colon. The 
branches of the sigmoid artery form interconnecting 
arterial arcades before giving off straight arteries that 
enter the sigmoid colon itself. Typically, the marginal 
artery does not continue as a distinct structure into the 
sigmoid mesocolon.

The final direct branch of the inferior mesenteric 
artery is the superior rectal artery. It communicates with 
the sigmoid arterial arcades and may also supply some 

distinct branches to the sigmoid colon, termed the rec-
tosigmoid arteries. The sigmoid mesocolon disappears as 
the sigmoid colon transitions to become the retroperi-
toneal rectum. As this transition occurs, the superior 
rectal artery bifurcates into two lateral rectal arteries 
that parallel the rectal wall and supply blood to the 
organ. These branches of the superior rectal artery 
anastomose with the middle rectal artery, a branch of the 
internal iliac artery, and to a lesser degree, the inferior 
rectal artery, a branch of the internal pudendal artery.

Blood Supply of Small and 
large InteStIneS (Continued)
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VEINS OF SMALL INTESTINE
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VenouS draInage of Small 
and large InteStIneS

The veins that drain blood from the small and large 
intestines largely parallel the arteries that supply each 
organ and share the same names. However, because the 
veins eventually drain to the hepatic portal vein and 
liver, there are some notable departures from the arte-
rial scheme. The superior mesenteric vein drains the 
midgut organs and receives blood from the inferior pan-
creaticoduodenal, jejunal and ileal, ileocolic, and right and 
middle colic veins. These veins run parallel to the con-
cordantly named arteries as they leave the superior 
mesenteric artery, although blood is flowing in the 
opposite direction from blood in the arteries. Because 
of its position near the superior mesenteric vein and the 
fact that there is no celiac vein, the right gastroomental 
vein drains to the right side of the superior mesenteric 
vein shortly before the latter drains into the hepatic 
portal vein. The artery of the same name is a branch of 
the gastroduodenal artery, which branches from the 
common hepatic artery and celiac trunk.

The jejunal and ileal veins conform in number and 
appearance of their arcades and straight arteries with 
those of their respective arteries. Lying, as a rule, to the 
right of the arteries, the veins from the small intestine 
extend from the duodenojejunal junction to the close 
vicinity of the ileocecal junction, where the anterior and 
posterior cecal veins and the appendicular veins unite to 
form the ileocolic vein. The first or first two jejunal veins 
frequently receive, either via a common trunk or as a 
separate vessel, an inferior pancreaticoduodenal vein 
running alongside the corresponding arteries. The 
venous drainage of the first part of the jejunum is often 
(again, in accord with the varying origins of the first 
jejunal arteries) not into the superior mesenteric vein 
but rather into either the anterior or posterior pancre-
aticoduodenal arcade. The venous pancreaticoduodenal 
arcades are fashioned in the same way as the arcades of 
the corresponding arteries. The posterior pancreatico-
duodenal arcade, lying over the arterial arcade, is 
covered by a thin layer of connective tissue, composed 
of remnants of the fetal dorsal mesoduodenum, which 
may be readily seen during surgery when one is mobi-
lizing the duodenum and the head of the pancreas.

Around the head of the pancreas, two venous arcades 
are formed (similar to the situation with the arteries), 
one anteriorly by the anterior superior and anterior infe-
rior pancreaticoduodenal veins and the other posteriorly 
by the posterior superior and posterior inferior pancreatico-
duodenal veins. Both inferior pancreaticoduodenal veins 
(the anterior and posterior veins) empty predominantly 
into the first and second jejunal veins (70%) or into the 
superior mesenteric vein (30%), either separately or via 

a common trunk. Deviating from the arterial arrange-
ment, the posterior pancreaticoduodenal vein joins the 
portal vein directly behind the head of the pancreas, its 
entry point lying shortly ahead of that of the left gastric 
vein. The anterior superior pancreaticoduodenal vein 
joins the right gastroepiploic vein, which, after passing 
behind the first part of the duodenum, enters into the 
superior mesenteric vein at the pancreatic notch, shortly 
before the latter empties into the hepatic portal vein 

formed by the union of the superior mesenteric and 
splenic veins.

Starting in the region of the terminal ileum, the supe-
rior mesenteric vein first follows an oblique course and 
then a straight superior course, lying to the right of and 
somewhat anterior to the accompanying artery. In this 
way, both vessels describe a curve, with the convexity 
to the left. Both also cross anterior to the third portion 
of the duodenum, a fact worth remembering in cases of 
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VEINS OF LARGE INTESTINE

duodenal obstruction due to compression by the vessels, 
perhaps caused by the excessive weight of a neoplastic 
growth or weakness of the anterior abdominal wall.

The inferior mesenteric vein starts as a continuation of 
the superior rectal vein, which brings blood from the 
rectum and superior part of the anal canal. During its 
upward course, it receives venous blood from the recto-
sigmoid, sigmoid, and left colic veins, which drain the 
sigmoid colon and descending colon. All these tributar-
ies follow closely the corresponding arteries, lying 
mostly to their left. Their anastomosing and arcade 
formations are the same as those described for the 
respective arteries. However, the main trunk of the 
inferior mesenteric artery lies to the right, where it 
branches from the abdominal aorta. Instead of parallel-
ing it, the inferior mesenteric vein continues superiorly 
as it receives blood from the left colic and upper sigmoid 
veins, separating from the artery. The vein ascends 
anterior to the left psoas muscles, just to the left of the 
fourth portion of the duodenum. It continues behind 
the body of the pancreas to enter most frequently (in 
38% of observed cases) the splenic vein. The splenic 
vein, in turn, combines with the superior mesenteric 
vein (at times, 3 to 3.5 cm from the union of the inferior 
mesenteric and splenic veins). Sometimes (29%), the 
inferior mesenteric vein enters the superior mesenteric 
vein, and at other times (32%), it joins the superior 
mesenteric vein and the splenic vein at their junction. 
In a few instances, a second inferior mesenteric vein has 
been found.

The splenic vein emerges from the hilus of the spleen 
as several fanlike veins that converge into a single large 
vessel. It has an average length of 15 cm and is never, 
unlike its accompanying artery, tortuous or coiled. It 
demonstrates a great number of different divisional pat-
terns, which may include the short gastric veins and a 
superior polar splenic vein.

The portal vein and, especially, the variations of its 
tributaries are extremely important when considering a 
portocaval shunt for redirecting the portal blood flow 
in order to relieve or ameliorate the consequences of 
portal hypertension. It seems, therefore, appropriate  
to discuss in this volume variations that particularly 
involve the venous drainage of the intestine in which 
the superior or inferior mesenteric veins participate. 
The superior pancreaticoduodenal vein is sometimes (38%) 
only a single vessel but more frequently (50%) is dupli-
cated, with one branch terminating in the portal vein 
and the other in the superior mesenteric vein. The 

gastroomental veins, corresponding to arteries of the 
same name, which are branches to the celiac arterial 
trunk, usually terminate (in 83% of cases) in the supe-
rior mesenteric vein but will, in some instances, join 
either the end of the splenic vein or the first part of the 
portal vein. The left gastric vein, also corresponding to 
an artery branching from the celiac trunk, can join the 
rest of the portal circulation at the superior aspect of 
the union of the splenic and superior mesenteric veins 
but has been found to join the portal vein directly in 

some instances, as well as the splenic vein distal to the 
just-mentioned junction. The right gastric vein, which is 
usually a small vein, typically terminates in the portal 
vein within 3 cm of its division into right and left 
branches, but it may also enter the base of the superior 
mesenteric vein or, far less frequently, the proximal 
segment of the right gastroomental vein or the inferior 
pancreaticoduodenal vein.

The veins serving the rectum and anal canal are the 
unpaired superior rectal veins, as well as the right and left 

VenouS draInage of Small 
and large InteStIneS 
(Continued)
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VEINS OF RECTUM AND ANAL CANAL: FEMALE
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middle rectal veins and the right and left inferior rectal 
veins. These vessels follow the same course as the arter-
ies of the same name, but they return the blood into 
two different systems. The superior rectal vein drains 
blood into the portal system via the inferior mesenteric 
vein, whereas the middle and inferior rectal veins drain 
into the internal iliac vein and then the common iliac veins 
before entering the inferior vena cava. Blood in the 
inferior rectal veins follows a similar course, first drain-
ing to the internal pudendal vein before entering the 
internal iliac veins.

The contributions to the rectal veins begin in three 
venous plexuses situated in the walls of the rectoanal 
canal. The lowest of these plexuses, the external rectal 
plexus, lies in the perianal space, in the subcutaneous 
tissue surrounding the lower anal canal near the exter-
nal opening of the anus. The internal rectal plexus is 
located in the submucosal space of the rectum superior 
to the pectinate line. These two plexuses are sometimes 
collectively referred to as the submucosal plexus or the 
superior and inferior submucosal plexuses. The third 
venous plexus surrounds the muscular wall of the 
rectum below its peritoneal reflection and is called the 
perimuscular rectal plexus, though some authors refer to 
it as the external rectal plexus, a term that leads to 
confusion with the first of the three plexuses described 
above. The perimuscular rectal plexus withdraws blood 
chiefly from the muscular wall of the rectum and evacu-
ates the upper portion into the superior rectal vein, 
although the chief route of drainage of the perimuscular 
plexus is to the middle rectal veins.

The internal and external rectal plexuses serve  
the mucosal, submucosal, and perianal tissues. The 
former encompasses the rectal circumference com-
pletely, but the greatest aggregation of small and large 
veins is in the rectal columns (of Morgagni). Dilatation 
of the internal rectal plexus results in internal hemor-
rhoids, and dilatation of the external rectal plexus or 
thrombosis of its vessels results in external hemor-
rhoids. The two plexuses, the internal and external 
rectal plexuses, are separated by the internal anal 
sphincter as well as the dense tissue of the pecten, but 
they communicate with each other through these 
tissues by slender vessels; the vessels increase in size and 
number with age and are also more voluminous in the 
presence of hemorrhoids.

These connections between the external and internal 
rectal plexuses as well as the perimuscular plexuses con-
stitute anastomoses between the inferior and superior 
veins and between the caval and portal venous systems. 
The significance of this situation is enhanced by the fact 
that the inferior and middle rectal veins and their 

collecting vessels, the internal pudendal veins, have 
valves, whereas the superior rectal vein is devoid of such 
valves, so that when the pressure in the portal vein rises, 
perhaps owing to portal hypertension, the circulation 
in the superior rectal vein may be reversed and portal 
blood may traverse the rectal plexuses and be carried 
away by the inferior rectal vein. This shunts portal 
blood via the internal iliac vein to the caval system. 
When this collateral venous circulation develops, the 
increased blood volume and pressure in the vessels 

dilate them to the extent that internal and/or external 
hemorrhoids may result.

In the absence of portal hypertension, spasms of the 
anal sphincter may also cause external hemorrhoids, 
because they may shut off the outflow of blood to the 
inferior rectal veins. Internal hemorrhoids, on the other 
hand, may develop when alterations (dilatation as well 
as constriction) occur within the apertures of the rectal 
wall through which branches of the internal rectal 
plexus pass.

VenouS draInage of Small 
and large InteStIneS 
(Continued)
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AUTONOMIC REFLEX PATHWAYS: SCHEMA

Sympathetic trunk

Dorsal
(posterior)
root

Thoracic part
of spinal cord

Intermediolateral
cell column

Dorsal
root
(spinal)
ganglion

Ganglion of 
sympathetic trunk

Spinal nerve to muscles,
joints, vessels, and
glands of skin

White ramus
communicans

Gray ramus
communicans

Ganglion of 
sympathetic trunk

Ventral (anterior) root

Meningeal branch to spinal
meninges and spinal perivascular
plexuses (usually arises from
spinal nerve) Stretch

(distention)
Greater, lesser, and 
least splanchnic
nerves

Pain
Vagus
nerve (X)

Ganglion of 
sympathetic trunk

Celiac
ganglion

Enteric
plexuses
of gut

Superior
mesenteric
ganglion

Sympathetic
fibers

Preganglionic Parasympathetic
fibers

Afferent fibers

Postganglionic

Preganglionic

Postganglionic

InnerVatIon of Small and 
large InteStIneS

The nerves supplying the small and large intestines (and 
their vessels) contain both visceromotor (sympathetic 
and parasympathetic efferent) fibers and viscerosensory 
(afferent) fibers. Although nerve cells scattered through 
the entire alimentary tract and locally produced hor-
mones can maintain some degree of intrinsic intestinal 
activity, it is the activity of the visceromotor and viscero-
sensory nerves that markedly affects the activity or quies-
cence of the intestines. Generally, increased sympathetic 
activity will constrict the blood supply to the intestines 
and decrease their activity. In contrast, increased para-
sympathetic activity will increase the rate of peristalsis 
and glandular secretion. Viscerosensory signals to either 
painful or nonpainful stimuli prompt the central nervous 
system to modulate visceromotor activity.

Although the visceromotor and viscerosensory sys-
tems operate as complex, continuous-feedback loops, 
we can describe the hypothalamus as a source and ter-
minus of pathways concerned with visceral activities.  
The hypothalamus is a small region of the central 
nervous system located superior to the pituitary gland 
and anteroinferior to the thalamic nuclei. It is primarily 
concerned with regulating the body’s homeostatic 
drives by adjusting the body temperature, appetite, and 
blood flow, as well as the level of aggression. It has 
extensive cortical connections with the premotor areas 
of the frontal cortex, the cingulate gyrus, and the orbital 
surfaces of the frontal lobes. It sends axons to many 
structures; for our purposes, the most important are the 
reticular formation, dorsal motor nucleus of the vagus, 
and specific regions of the thoracic, lumbar, and sacral 
levels of the spinal cord. The nuclei of the reticular 
formation also project to the dorsal motor nucleus of 
the vagus and spinal cord, and these are the distinct 
locations where visceromotor (both parasympathetic 
and sympathetic) impulses to the organs are generated. 
We will go over the differences between the two systems 
shortly, but first let us examine their similarities.

Visceromotor activity occurs along a two-neuron 
chain. The preganglionic nerve cell body is always 
found in the central nervous system, and it projects an 
axon to reach a second nerve cell body somewhere in 
the body. The preganglionic axon synapses with this 
preganglionic cell, which projects another axon to reach 
the target structures that are actually being innervated, 
such as smooth muscle or glandular cells.

Preganglionic sympathetic nerve cell bodies are 
located in the gray matter of the spinal cord in an area 
between the anterior and posterior horns, the interme-
diolateral column (nucleus), which stretches from the 
first thoracic segment of the spinal cord inferiorly to 
the second or third lumbar segment of the spinal cord. 
The preganglionic sympathetic nerve cells that spe-
cifically innervate the small and large intestines arise, 
respectively, from segments T8-T10 and T10-L2/L3  
of the intermediolateral column. The preganglionic 
sympathetic neurons from each segment of the inter-
mediolateral column send their axons to exit the spinal 
cord via the anterior rootlets, which coalesce to form an 
anterior root from each segment. The anterior roots, 
and the preganglionic sympathetic axons within them, 
join posterior roots to form the spinal nerve, which 
leaves the spinal canal and traverses the intervertebral 
foramen. The spinal nerve splits to form posterior and 
anterior rami, which innervate somatic structures of  
the back and the trunk and limbs, respectively. The 
preganglionic sympathetic axons travel briefly into  
the anterior rami before leaving as a separate structure, 

the white rami communicans, which connects to a nearby 
longitudinal string of nerve cell bodies, the sympathetic 
chain (sympathetic trunk and paravertebral ganglia). 
The preganglionic sympathetic axons that innervate the 
sweat glands, arrector pili, and precapillary sphincters 
of the somatic body will synapse with cells in each of 
these sympathetic chain ganglia; however, the pregan-
glionic sympathetic axons that innervate abdominal 
organs, such as the small and large intestines, pass 
through these ganglia without synapsing. These axons 
leave the medial aspect of the sympathetic chain ganglia 
as thoracic, lumbar, or sacral splanchnic nerves. Although 

there is considerable variation in the exact branching 
pattern, generally the preganglionic sympathetic axons 
of T5-T9 combine to form greater thoracic splanchnic 
nerves on each side. Similarly, the T10 and T11 contri-
butions fuse to form the lesser thoracic splanchnic nerve 
and the T12 axons form the least thoracic splanchnic 
nerve. These thoracic splanchnic nerves travel medially 
and inferiorly on each side of the thoracic vertebral 
bodies before passing posterior to the diaphragm and 
entering the abdomen to reach postganglionic ganglia. 
The lumbar splanchnic and sacral splanchnic nerves leave 
the sympathetic chain ganglia in the lumbar and sacral 
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INTRINSIC AUTONOMIC PLEXUSES OF INTESTINE: SCHEMA
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regions but do not merge; instead, they travel medially 
to reach their ganglia.

The targets for all of these splanchnic nerves are the 
prevertebral ganglia that lie anterior to the abdominal 
aorta and vertebral column. Each of these ganglia is a 
collection of postganglionic sympathetic nerve cell 
bodies that will send their axons to the target tissues of 
the abdominal organs. The members of this group are 
the celiac, aorticorenal, superior mesenteric, and inferior 
mesenteric ganglia. There are additional postganglionic 
sympathetic nerve cell bodies scattered throughout the 
intermesenteric plexus (located between the superior 
and inferior mesenteric ganglia), as well as the superior 
hypogastric and inferior hypogastric plexuses, located within 
the pelvis. The celiac ganglion gives off axons that  
contribute to the celiac plexus, which innervates the 
foregut organs (distal esophagus, stomach, proximal 
duodenum, pancreas, spleen, liver, and gallbladder). 
Similarly, the aorticorenal ganglia on the right and left 
contribute nerves to the aorticorenal plexus, supplying 
targets in the suprarenal gland, kidney, proximal ureters, 
and gonads. The superior mesenteric and inferior mes-
enteric ganglia contribute axons to the superior and 
inferior mesenteric plexuses, which supply the midgut 
(distal duodenum, part of the pancreatic head, jejunum, 
ileum, cecum, appendix, ascending colon, and trans-
verse colon) and hindgut (descending colon, sigmoid 
colon, and rectum), respectively. The intermesenteric 
plexus connects the superior and inferior mesenteric 
ganglia and is composed of visceral afferent axons 
passing between the two, as well as lumbar splanchnic 
nerves contributing preganglionic sympathetic axons to 
the abdominal organs. Postganglionic sympathetic 
nerve cells may be found within the intermesenteric 
plexus. Extending inferiorly from the inferior mesen-
teric ganglion is the superior hypogastric plexus. It is 
similar to the intermesenteric plexus but also carries a 
large number of preganglionic parasympathetic axons. 
The superior hypogastric plexus extends inferiorly and 
splits into two bundles, the right and left hypogastric 
nerves, which pass into the true pelvis and terminate as 
the left and right inferior hypogastric plexuses. The inferior 
hypogastric plexus consists of preganglionic sympa-
thetic axons from the sacral splanch nic nerves, postgan-
glionic sympathetic nerve cell bodies, preganglionic 
parasympathetic axons, and viscerosensory axons. It 
wraps around the pelvic organs and may be referred to 
as having subplexuses such as the rectal, vesical, prostatic, 
vaginal, and uterine plexuses.

Although there is variation in their targets, the sym-
pathetic splanchnic nerves tend to follow a certain 
pattern. The greater thoracic splanchnic nerves contrib-
ute preganglionic sympathetic axons to synapse with 
postganglionic nerve cells in the celiac and superior 
mesenteric ganglia. Thus, they innervate foregut and 
midgut organs. The lesser thoracic splanchnic nerves 
contribute preganglionic sympathetic axons to synapse 
with postganglionic nerve cells in the aorticorenal and 
superior mesenteric ganglia. Therefore, they innervate 
midgut structures, gonadal structures, and structures 
associated with the kidneys. The lumbar splanchnic 
nerves contribute to the superior mesenteric and infe-
rior mesenteric ganglia, as well as the intermesenteric 
and superior hypogastric plexuses. Thus, the lumbar 
splanchnic nerves innervate midgut and hindgut organs 
and may contribute to the innervation of other pelvic 
organs. The preganglionic sympathetic axons in the 
sacral splanchnic nerves exit the sympathetic chain 
ganglia and enter the inferior hypogastric plexus. They 

may synapse with postganglionic nerve cells within it or 
ascend to the superior hypogastric plexus and synapse 
there. The sacral splanchnic nerves supply postgangli-
onic sympathetic axons to the distal rectum and other 
pelvic organs.

In regard to parasympathetic efferent activity, 
descending fibers arising from the anterior region of 
the hypothalamus synapse with cells in the dorsal vagal 
motor nuclei in the medulla oblongata and also with cells 
in the second to fourth sacral segments of the spinal cord. 
The dorsal vagal motor nucleus contributes pregangli-
onic parasympathetic axons to the left and right vagus 
nerves, which leave the jugular foramen to innervate 

thoracic and abdominopelvic organs. We will ignore 
the activity of the vagus nerve in the thorax other than 
to mention that the left and right vagus nerves are 
closely associated with the esophagus and interweave to 
produce the anterior and posterior vagal trunks, which 
pierce the diaphragm alongside the esophagus to enter 
the abdomen. The anterior vagal trunk travels on the 
anterior aspect of the stomach, across the hepatogastric 
ligament, to innervate some of the liver and gallbladder. 
When the trunk reaches the target organ, it synapses 
with postganglionic parasympathetic nerve cell bodies 
located within its wall. The posterior vagal trunk moves 
further posteriorly from the esophagus to run into the 
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AUTONOMIC INNERVATION OF SMALL AND LARGE INTESTINES: SCHEMA

nearby celiac ganglion. In contrast to the preganglionic 
sympathetic axons entering the celiac ganglion, the  
preganglionic parasympathetic axons do not synapse 
there but instead pass through the ganglion to enter  
the celiac plexus. From there, these axons, alongside 
the postganglionic sympathetic axons from the celiac 
ganglion and the viscerosensory axons, travel along 
branches of the celiac trunk to reach the foregut organs. 
Once the celiac plexus reaches the foregut organs, the 

preganglionic parasympathetic axons within it synapse 
with postganglionic parasympathetic nerve cells within 
the wall of the organ.

Preganglionic parasympathetic axons from the pos-
terior vagal trunk also pass inferiorly through the celiac 
ganglion to reach the aorticorenal and superior mesen-
teric ganglia. As before, the preganglionic parasympa-
thetic axons do not synapse in these ganglia but instead 
join the aorticorenal and superior mesenteric plexuses, 
which follow the blood supply from the aorta to reach 
each of the target organs. In the case of the intestines, 
preganglionic parasympathetic axons from the poste-
rior vagal trunk pass through the superior mesenteric 

ganglion to join postganglionic sympathetic and vis-
cerosensory axons within the superior mesenteric plexus. 
The superior mesenteric plexus follows the branching 
of the superior mesenteric artery along its course 
through the mesentery and can be subdivided into plex-
uses named for each artery: inferior pancreaticoduodenal, 
middle colic, jejunal, ileal, ileocolic, appendicular, and right 
colic plexuses, which innervate the organs supplied by 
each vessel. The preganglionic parasympathetic axons 
synapse with a series of postganglionic parasympathetic 
nerve cell bodies that are scattered throughout the walls 
of the organs. These nerve cells make up the enteric 
nervous system.
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AUTONOMIC INNERVATION OF SMALL INTESTINE
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The vagus nerve supplies preganglionic parasympa-
thetic axons that innervate structures of the thorax, 
foregut, and midgut, but the hindgut and other pelvic 
organs receive preganglionic parasympathetic axons  
from nerve cell bodies located within the sacral spinal 
cord. These cells project axons through the anterior 
rootlets, anterior roots, spinal nerves, and anterior rami 
of levels S2-S4. Once the anterior rami have exited the 
anterior sacral foramina, the preganglionic parasympa-
thetic axons leave as pelvic splanchnic nerves and join the 
nearby right and left inferior hypogastric plexuses. 
Some of these axons form synapses in minute ganglia 
located near, or in the wall of, the pelvic structures 
(distal colon, rectum, bladder, and external and internal 
genital organs), to which they carry the impulses for 
visceromotor activity, vasodilatation, and glandular 
secretion. These preganglionic parasympathetic axons 
may travel within the inferior hypogastric plexuses to 
synapse with postganglionic nerve cells in the pelvic 
organs and distal rectum. They may also ascend through 
the right and left hypo gastric nerves to reach the supe-
rior hypogastric plexus and then the inferior mesenteric 
ganglion. Preganglionic parasympathetic axons pass 
through the inferior mesenteric ganglion without syn-
apsing and join the inferior mesenteric plexus alongside 
postganglionic sympathetic axons and visceral afferent 
axons. The inferior mesenteric plexus follows the 
branches of the inferior mesenteric artery, branching 
into left colic, sigmoid, and superior rectal plexuses, depend-
ing on the artery that carries the axons. The pregangli-
onic parasympathetic axons synapse with a series of 
postganglionic parasympathetic nerve cell bodies that 
are scattered throughout the walls of the organs. These 
nerve cells form the enteric nervous system, and the 
axons of these ganglionic cells become the postganglionic 
parasympathetic axons, which, together with the postgan-
glionic sympathetic axons in the plexus, innervate the 
smooth muscle of the intestinal wall, the vessels supply-
ing the intestines, and the intestinal glands.

The enteric nervous system stretches through the 
entire length of the alimentary tract from the esophagus 
to the rectum. This plexus consists of small groups of 
nerve cells interconnected by networks of fibers, and it  
is subdivided into the myenteric (Auerbach) and submu-
cosal (Meissner) plexuses. The myenteric plexus is found 
between the longitudinal and circular layers of the mus-
cularis externa. The main plexus, or primary plexus, gives 
off fibers that form finer secondary plexuses and even 
finer tertiary plexuses, which ramify both within and 
between the adjacent layers of muscle. Some fibers from 
the longitudinal intramuscular plexus enter the subserous 
tissue and constitute a rarefied subserous plexus. The 
submucosal plexus is located at the interface of the submu-
cosal and muscularis externa layers. It is also subdivided 
into superficial and deep parts. Fibers from the deep part 
enter the mucosa, where they form delicate periglandu-
lar plexuses. The name of each subdivision of the enteric 
nervous system describes its location and histologic 
appearance. These distinctions are somewhat arbitrary, 
since all parts of the enteric nervous system are intercon-
nected and form an exceedingly complex, self-regulating 
network. Sympathetic input to the enteric nervous system 
tends to restrict blood flow and slow the activity of the 
alimentary tract. Conversely, parasympathetic input tends 
to increase smooth muscle contraction and peristalsis, as 
well as glandular secretion into the tract.

Viscerosensory activity related to the small and large 
intestines falls into two broad categories, visceral pain 

and normal visceral reflexive stimuli. The intestines are 
insensitive to ordinary tactile, painful, and thermal 
stimuli, although they respond to tension, ischemia, and 
chemical irritations with visceral pain. The free nerve 
endings of visceral pain axons extend from the intestines 
and join the plexus related to their blood supply in a 
retrograde fashion. For example, visceral pain from the 
jejunum would be carried back to the central nervous 
system by axons traveling along the jejunal plexus and 
the superior mesenteric plexus. Thereafter, visceral pain 
fibers travel in a retrograde fashion along the sympa-
thetic innervation of the target organ. So in the case of 
visceral pain from the jejunum, after the axon has exited 

the superior mesenteric plexus, the axon continues 
along the greater or lesser thoracic splanchnic nerves 
and through the sympathetic chain ganglia, white rami 
communicans, anterior ramus, and spinal nerve. At this 
time, being afferent, the axon travels along the posterior 
root to reach the spinal cord. Prior to reaching the 
spinal cord, the axon encounters (but does not synapse 
within) its nerve cell body. The nerve cell bodies of these 
viscerosensory axons are located in the posterior (dorsal) 
root ganglia. Because these nerve cells are pseudounipo-
lar, their axons extend from the target tissue to reach the 
cell body but also proximally to reach the posterior gray 
horn of the spinal cord.
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AUTONOMIC INNERVATION OF LARGE INTESTINE
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Nonpainful, reflexive stimuli from the small and 
large intestines travel in a retrograde manner along the 
parasympathetic innervation of each organ. For this 
reason, a stimulus can follow two pathways. Foregut 
and midgut organs receive their preganglionic para-
sympathetic innervation via the vagus nerves; therefore, 
reflexive visceral afferents from these organs contribute 
to the bulk of the vagus nerves as they ascend to reach 
the brainstem and then project to the inferior aspect of 
the solitary nucleus. The cell bodies for these axons are 
located in the inferior vagal ganglion, which is near the 
point at which the vagus nerves exit from the right and 
left jugular foramina. Hindgut organs do not receive 
parasympathetic input from the vagus nerves but rather 
from the pelvic splanchnic nerves. So in this case, 
reflexive afferent inputs from the hindgut project along 
the inferior mesenteric plexus, to the superior hypogas-
tric plexus, right and left hypogastric nerves, right and 
left inferior hypogastric plexuses, pelvic splanchnic 
nerves, anterior rami of S2-S4, spinal nerves of S2-S4, 
posterior rami of S2-S4, and, finally, sacral spinal cord. 
As before, the cell bodies of these afferent axons are 
located in the posterior root ganglia of S2-S4, and their 
smaller, proximal extensions project to the posterior 
horn of the sacral spinal cord.

An exception to this pattern occurs in abdominopel-
vic organs that are entirely covered by the peritoneum. 
In these organs (distal rectum, inferior aspect of the 
bladder, inferior aspect of the uterus, cervix, prostate, 
and seminal vesicles), both visceral pain and normal 
reflexive stimuli follow the parasympathetic pathways 
back to the sacral spinal cord. Once in the spinal cord, 
the exact course followed by visceral afferent pathways 
within the central nervous system is very complex.

There is evidence that these pathways behave in a 
fashion similar to that of the somatic pathways. Some 
of the visceral axons that enter the cord through the 
posterior roots form synapses with cells of the posterior 
horn near their level of entry, and the impulses are 
conveyed superiorly through tracts that lie near, or are 
commingled with, the anterolateral system. Other 
fibers ascend in the posterior white columns and may 
relay at higher levels in the brainstem. Some of these 
afferent visceral fibers, as well as the nonpainful reflex-
ive inputs to the solitary nucleus, may pass with somatic 
fibers to the thalamus and be relayed onward to the 
postcentral gyrus. Other fibers form synapses in the 
hypothalamus, from whence fibers project to the premo-
tor areas of the frontal cortex, the orbital surfaces, and 
the cingulate gyrus. In actuality, many of these hypo-
thalamocortical connections are via relays in the ante-
rior and medial nuclei of the thalamus. Possibly, the 
hypothalamus plays the same role in visceral afferent 
pathways as does the thalamus in their somatic coun-
terparts. (To indicate the fact that the hypothalamocor-
tical as well as the corticohypothalamic connections 
follow similar routes, the lines representing these path-
ways have arrows on both ends.)

Finally, the innervation of the anorectal transitional 
region combines features of the autonomic innervation 
of the rectum and the somatic innervation of the anus 
and perineum. This area develops from the anal pit, an 
invagination of the skin and surrounding mesoderm that 
meets the developing hindgut, forming a continuous 
tube as the membrane between the two regions rup-
tures. The two regions retain their distinct epithelium, 
innervation, and blood supply, transitioning abruptly in 
the region of the pecten. The portions of the rectum 

that are covered by peritoneum are innervated by post-
ganglionic sympathetic axons from the inferior mesen-
teric ganglia and plexus as well as preganglionic 
parasympathetic axons that will synapse on postgangli-
onic nerve cells in the wall of the rectum, the myenteric 
and submucosal plexuses. These plexuses supply the 
involuntary smooth muscles of the rectum and the inter-
nal anal sphincter. They dwindle as one progresses infe-
riorly through the anal region and are entirely absent 
below the intersphincteric groove (white line of Hilton) 
within the anal canal. The voluntary external anal 
sphincter is innervated mainly by somatomotor branches 

of the inferior anal nerves, branches of the pudendal 
nerve. These same nerves also carry the somatosensory 
axons from this region of the anal canal. Therefore, 
below the pecten this innervation resembles that of the 
perineal skin and is very sensitive to tactile, painful, and 
thermal stimuli, whereas the upper part of the anal canal 
is almost insensitive to such stimuli but responds readily 
to alterations in tension or ischemia. From a practical 
point of view, this neuroanatomic situation explains why 
an anal fissure is so painful and why, in injections for 
internal hemorrhoids, the puncture is scarcely felt if the 
needle is inserted through the mucosa.
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DIGESTION OF PROTEIN
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The purpose of the complex enzymatic reactions to 
which foodstuffs are exposed within the intestinal 
lumen is to prepare nutrients for transfer into and 
assimilation within the organism. The lumen of the 
digestive system, which is the space encompassed by the 
wall of the digestive tube, belongs, fundamentally 
speaking, to the outside world, and the processes by 
which the products of digestion enter and pass through 
the intestinal wall into the circulation are called secre-
tion and absorption, respectively. The mucosa of the 
small intestine throughout its length is lined by cells 
involved with both secretion and absorption: mucus-
secreting cells, neuroendocrine cells, and immune 
active cells. The incredible efficiency of intestinal func-
tion is emphasized by the fact that of the approximately 
8 L of fluid that enters the small intestine, only 100 to 
200 mL is excreted from the rectum, for an efficiency 
rate in excess of 98%. In disease states, the large and 
small intestines absorb even more fluid, sometimes 
exceeding 25 L per day. Alternatively, in secretory dis-
orders and infection, the volume of diarrhea lost may 
rapidly pose a life-threatening risk of dehydration, with 
the loss of many liters of fluids and their accompanying 
electrolytes.

SECRETION

The secretory product of the duodenal glands is an 
alkaline, pale-yellow, viscous fluid, rich in bicarbonates 
and also containing mucus. Its primary function is pro-
tecting the proximal duodenum against the corrosive 
action of the acidic gastric contents entering the  
intestine. While there is an increasing relative absorp-
tion to secretion as nutrients pass into the jejunum and 
ileum, secretion persists from epithelial cells, goblet 
cells, and submucosal glands. The resulting luminal 
contents, or succus entericus, are constantly being mixed 
with mucus, bile, and digestive enzyme–laden pancre-
atic juice. The intestinal secretion contains a wide 
variety of digestive enzymes, namely, peptidases,  
nucleases, nucleosidases, phosphatase, lipase, maltase, 
sucrase, and lactase. Brush-border enterokinase is 
essential in activating the cascade of proenzymes 
secreted by the pancreas, including the cascades of tryp-
sinogen to trypsin and chymotrypsinogen to chymo-
trypsin. The fact that digestion can proceed even in 
patients who have undergone total pancreatectomy 
indicates that the brush-border and secreted digestive 
intestinal enzymes are important. Motility of the small 
intestinal is activated by parasympathetic nerves, enteric 

nerves, and a host of enteric hormones acting both 
locally (paraendocrine hormones) and through the sys-
temic circulation (most notably, cholecystokinin and 
secretin). These neurologic and hormonal reflexes are 
stimulated by the presence of acids and nutrients and 
by distention of the stomach and small intestine. These 
processes are slowed when nutrients, especially fats and 
essential amino acids, reach the distal small bowel. 
There they activate the so-called ileal brake by means 
of neural mechanisms and release of hormones, 

including peptide YY and glucagon-like peptide-1. 
Throughout the digestive process, mucus is being 
secreted from the intestinal crypts and epithelial cells 
on the villi to ensure adequate lubrication and protec-
tion of the surface epithelial cells.

Mucus is also secreted by colonic epithelium when it 
has been stimulated mechanically or chemically. The 
epithelium also secretes an alkaline-rich fluid high in 
potassium, which is exchanged for sodium as the fecal 
stream is solidified through dehydration processes.



 Overview of Lower Digestive Tract

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS 13

Plate 1-12 

DIGESTION OF CARBOHYDRATES
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DIGESTION

The normal diet includes a variety of macronutrients 
composed of carbohydrates, nucleic acids, and proteins 
that are soluble in water and of fats, which are not. It 
also contains minerals, vitamins, and other micronutri-
ents. Each requires specific, distinct pathways for diges-
tion in preparation for absorption.

The digestion of proteins is carried out by gastric 
peptidases, an array of brush-border enzymes, and 
enzymes secreted by the pancreas. The primary gastric 
peptidase is pepsin, but chymosin is also active in an 
acidic environment. Chief cells secrete an inactive sub-
stance, pepsinogen, which is activated by acid in the 
stomach to become pepsin. Pancreatic juices contain a 
rich supply of proteins that make up over 20 isoforms 
of 12 distinct enzymes and cofactors, most of which are 
proteases. All proteases are secreted as inactive proen-
zymes (zymogens), as are phospholipase and colipase. 
The proteolytic actions of each protein-splitting 
enzyme have a highly specific effect. Each attacks only 
certain linkages of the protein molecule or of the deg-
radation products resulting from the preceding effects 
of one or more catalytically active compounds. Accord-
ing to their functions, they are typically grouped as 
either exopeptidases or endopeptidases. Trypsinogen is 
activated by the brush-border enzyme enterokinase to 
become its active form, trypsin, which in turn activates 
other enzymes. Trypsin, chymotrypsin, carboxypepti-
dase, and the intestinal aminopeptidases act only on 
polypeptides or peptides containing a free amino group. 
The dipeptidases act only on dipeptides. As the peptide 
is digested within the lumen, it diffuses to the epithelial 
surface, where a number of membrane-bound pepti-
dases continue the digestive process. This cascade of 
proteolytic effects breaks down the original protein 
until it has been fragmented into its elementary com-
ponents, the 26 amino acids, dipeptides, or tripeptides, 
in preparation for absorption.

For the digestion of nucleoproteins, the pancreas 
supplies nucleases, ribonuclease, desoxyribonuclease, 
and other substances that specifically hydrolyze nucleo-
sides: pentose or deoxypentose is conjugated to purines 
and pyrimidine bases. Intestinal secretion also provides 
nucleases and, particularly, phosphatases, which split 
nucleotides (phosphoric esters of nucleosides) into their 
components.

Dietary carbohydrates may consist of monoglycer-
ides such as glucose and fructose, disaccharides such as 
lactose and sucrose, or polysaccharides. The processes 
involved in the digestion of carbohydrates are therefore 
primarily concerned with the enzymatic cleavage of 

polysaccharides and oligosaccharides into monosaccha-
rides. Polysaccharides include starch, glycogen, and 
fibers such as cellulose, gums, and pectins. In human 
nutrition, the most important carbohydrate is starch, 
which is a polysaccharide occurring as an energy reser-
voir in plants, particularly cereals, grains, roots, and 
tubers. The counterpart in animals is glycogen, another 
polysaccharide ingested with meat and liver. In  
both starch and glycogen, a large number of hexoses 

(monosaccharides) are linked together, forming either 
a straight chain or a branched chain of molecules. The 
linkage between these molecules varies, and to open 
them, the organism is equipped with a variety of specifi-
cally active enzymes.

Starch-splitting enzymes called amylases are secreted 
by the pancreas and, to a lesser extent, by the salivary 
glands. The digestion of carbohydrates begins in the 
mouth with the action of salivary amylase. Because 
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salivary amylase is inactivated by gastric acid in the 
stomach, the actions of the enzyme mainly affect  
the outer portions of the food mass. Once it reaches the 
stomach and the gastric acid has penetrated the food 
mass, digestion of carbohydrates slows or stops until  
the food mass reaches the duodenum. In the duode-
num, carbohydrates are acted on by the more effective 
enzymes α-amylase and β-amylase, which are synthe-
sized in the pancreas and then secreted in their active 
forms. The action of the amylases yields the disaccha-
ride maltose and a polysaccharide fragment called 
dextrin, which cannot be further digested by amylase. 
Therefore, except during the period of infancy, when 
the secretory activity of the pancreas has not yet fully 
developed, the degradation of starch into the disaccha-
ride maltose and the monosaccharide glucose is com-
pleted in the lower part of the duodenum and in the 
jejunum and ileum. The splitting of maltose into two 
molecules of glucose is catalyzed by maltase, an enzyme 
formed by the intestinal glands. Disaccharides are  
primarily digested by intestinal brush-border enzymes 
such as sucrose-isomaltase, which converts sucrose 
(common table sugar) into a molecule of glucose and  
a molecule of fructose, and lactase-phlorizin hydrolase, 
which converts lactase (milk sugar) into glucose and 
galactose. Other brush-border disaccharidases include 
glucoamylase and trehalase. The end products, there-
fore, are simple monosaccharides, which the intestinal 
epithelial cell is prepared to absorb.

In humans, cellulose is indigestible, because humans, 
in contrast to some animals, lack enzymes capable of 
attacking the specific bonds of cellulose. The enzymes 
derived from the bacterial flora of the human colonic 
microbiota can act on cellulose and on the undigested 
starch reaching the distal gut. This action of the micro-
biota produces increased osmotically active substances 
that attract fluid into the lumen and produce gas 
through fermentation. Both result in distention that 
increases colonic motility; when this distention is exces-
sive, it can lead to discomfort interpreted as “gas” and 
to increased flatulence and bloating.

Lipids include a variety of heterogeneous molecules 
often described as fats. The term includes triglycerides, 
phospholipids, cholesterol, steroids, and fat-soluble 
vitamins. From the dietary point of view, the triglycer-
ides are of major importance due to their high-energy 
value. Triglycerides, whether of plant origin (unsatu-
rated) or animal origin (mostly saturated), are esters of 
glycerol and fatty acids. The esters are named triglycer-
ides because the three alcoholic hydroxyl groups of 

glycerol are bound in an ester linkage to the carboxyl 
group (the group that determines the acid character) of 
either saturated or unsaturated organic acids, such as 
palmitic, stearic, oleic, or linoleic acid. The term neutral 
fat has also been used to describe these important nutri-
ents because no acidic group is free. In an aqueous 
milieu, fats align with their hydrophobic groups adja-
cent to each other and their polar groups facing the 

surrounding water. This arrangement creates bilayers 
or micelles. Nonpolar lipids accumulate in the inner 
portions of these micelles. Further digestion of fats 
requires access to these molecules within the micelle. 
Bile salts and the coenzyme colipase are essential factors 
that facilitate this access. Triglycerides are digested by 
hydrolyzation of the ester linkage, yielding the compo-
nents of the esters, namely, glycerol and the various fatty 
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acids. The splitting of fat occurs in stages, meaning that 
the triglycerides lose first one of their three acid mole-
cules, leaving a diglyceride (i.e., a glycerol ester contain-
ing only two acids), and this, in turn, is hydrolyzed  
to a monoglyceride, which possesses only one acid 
molecule.

The hydrolysis of triglycerides and phospholipids is 
accomplished by lipases and phospholipases, respectively, 
that are secreted by the salivary glands, stomach, pan-
creas, and intestinal glands. A limited amount of fat is 
digested in the stomach by a lingual lipase originating 
in saliva and the gastric lipase originating from the chief 
cells in the stomach. The gastric lipase can function in 
an acidic environment, in contrast to other lipases, 
which act in a nearly neutral environment. In most 
adults, this gastric lipase is of limited significance, but 
it is important in patients with pancreatic insufficiency; 
it is also important in infants, in whom it is capable of 
hydrolyzing the highly emulsified fat of milk. The pan-
creas is the major source of bicarbonate, which serves 
to neutralize gastric acidity, and of lipase activity. It also 
is the source of colipase, which plays an important role 
as a cofactor at the interface of water, bile salt, and lipid 
by enhancing lipolysis. The phospholipids undergo 
hydrolysis into their component parts by secretions of 
a proenzyme from the pancreas that is activated by 
trypsin to produce phospholipase A. This hydrolysis 
produces glycerol, fatty acids, phosphate, and the 
special compound characteristic of the particular phos-
pholipid (choline, serine, inositol, or ethanolamine). In 
contrast to the enzymes involved in protein and carbo-
hydrate digestion, which act with a high degree of 
specificity on certain compounds or chemically well-
defined groups or bonds, the action of lipases of animal 
or plant origin is far less specific.

In the lower duodenum, fat is mixed with bile and 
dispersed into a fine emulsion. The components of bile 
responsible for this action are the bile acids, mostly 
glycocholic acid and taurocholic acid, which act as 
detergents. The result of the emulsification of fat in the 
aqueous medium of the intestinal chyme is an enor-
mous increase of the surface of the fat particles, facili-
tating the hydrolytic action of the pancreatic and 
intestinal lipases. The fatty acids, whether ingested with 
food or arising as split products of fat hydrolysis, 
combine in the intestine with bile salts and cations, 
forming soluble soaps with sodium and potassium and 
insoluble soaps with calcium and magnesium. Bile is 
important for the emulsification of ingested water-
insoluble or less-soluble fats in the digestion mixture. 

Insoluble soaps, the monoglycerides, are “ferried” 
through the lumen to the cellular barrier with com-
plexes of colipase and bile acids. The soluble alkali 
soaps aid in the emulsification of fat and the stabiliza-
tion of emulsified lipids by the same principle that 
makes soap useful in the household for cleansing and 
detergent effects.

Much of ingested cholesterol is not esterified in the 
lumen, although some hydrolysis occurs through the 
action of cholesterol esterase. Instead, cholesterol can 

be taken up intact through specific facilitated transport. 
Other lipids, such as vitamin A (and its provitamin, 
carotene), vitamins E and K, and other steroids,  
including vitamin D, are not broken down within  
the intestine.

ABSORPTION

The absorption of nearly all nutrients is achieved by the 
small intestinal cells of the duodenal, jejunal, and ileal 
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epithelia. The small, but important, amount of nutrient 
absorption and the significant amount of water and 
electrolyte absorption that take place in the colon are 
described at the end of this section. Selective absorption 
also occurs across the oral and gastric epithelia. The 
epithelial lining of the small intestine is preeminently 
and specifically equipped for its function by its length 
and its large surface area. The surface area of the intes-
tinal tube is increased by the presence of luminal folds, 
villi, and, most importantly, microvilli. Small intestinal 
folds are arrayed in a special circular design perpendicu-
lar to the axis of the lumen which enhances the turbu-
lent flow of the luminal contents, known as the plicae 
circulares. Villi further increase the surface area 15- to 
30-fold, and microvilli increase the surface area an addi-
tional 20- to 40-fold.

Ions are transported across the epithelium by ion 
channels and ion exchangers and by cotransporters that 
facilitate diffusion, osmosis, and solvent drag. Other 
complex molecular transport mechanisms involve spe-
cific receptor-mediated transport proteins and other 
active transport mechanisms. The presence of transport 
proteins on the apical surface and the tight junctions 
between cells permit movement of fluid as the epithe-
lium actively transports substances against a concentra-
tion gradient. Ion-specific channel proteins permit the 
movement of hydrophilic ions through the hydropho-
bic bilayer of the cell membrane along concentration 
gradients (facilitated diffusion). These ion channels are 
also “gated”, so that they permit transport only for a 
brief period in which the channel is open; then the  
gate closes.

Water crosses the intestinal wall in both directions, 
depending on hydraulic and osmotic forces based on 
the osmolality of luminal contents and the location 
within the small intestine. This occurs across the cell 
membrane and between cells in the paracellular chan-
nels that are exquisitely regulated by tight junctions and 
their regulatory and contractile proteins. Aquaporin 
water channels are less common in the gut than in the 
renal tubules. If the aqueous phase of the intestinal 
contents is hypotonic, water moves from the lumen 
through the cells and between the cells through para-
cellular spaces into the blood. Alternatively, if the 
luminal content is hypertonic, water will be transferred 
from the blood into the lumen. As solutes enter the 
wall, an obligatory transport of water from the lumen 
occurs to keep the solution within the tube isosmotic.

Most minerals, such as the salts composed of sodium, 
potassium, and chloride ions, move with the water 
across channels, but, in addition, specific ion pumps, 
exchangers, and cotransport mechanisms exist to bring 
needed ions into the epithelial cells and then into the 
circulation, often against a steep concentration gradi-
ent. Active transport by ion pumps requires energy 
expenditure through the hydrolysis of adenosine tri-
phosphate. Carrier proteins can couple electrolyte 
transport with specific nutrients, including glucose and 
amino acids. For example, the cotransport of each mol-
ecule of glucose brings two molecules of sodium into 
the epithelial cell. Chloride is transported into the 
lumen by means of the chloride channel on the apical 
cell membrane, primarily the cystic fibrosis transmem-
brane conductance regulator. It is absorbed across tight 
junctions and via exchange proteins with bicarbonate.

Calcium must be solubilized before it can be absorbed 
through acidification in the stomach or at the brush-
border surface by the action of the Na+-H+ exchanger. 
Absorption through channels or by carriers is tightly 
regulated through vitamin D–mediated processes. 
Once in the lumen, it is bound by a calcium-binding 
protein, calbindin-D9k.

Like calcium, magnesium is absorbed by both passive 
and active processes, primarily in the duodenum and 
upper jejunum. Magnesium absorption is much less 
efficient than is calcium absorption; this accounts for 
the efficacy of its salts to function as osmotic laxatives.

A man absorbs 1 mg of iron daily; 2 mg of iron daily 
is absorbed by menstruating females, again primarily 
through the duodenum. Ferric iron must be solubilized 
to ferrous iron to be absorbed. This occurs through the 
effect of gastric acid, ascorbic acid, or brush-border 
reductases. The divalent brush-border transporter 
transports this essential nutrient into the cell, where it 
is oxidized by heme-oxidase before being transported 
out of the cell. Its absorption is tightly regulated by the 
hepatic synthesis of the peptide hepcidin, based on the 
needs of the body.

The concentration of bile in the intestine diminishes 
as the chyme enters the distal intestine. Effective  
active transport of bile acids by the distal ileum is  
necessary to maintain healthy concentrations of these 
complex molecules. Malabsorption will lead to bile salt 
diarrhea.

The products of protein digestion formed by the 
combination of gastric, pancreatic, and brush-border 
peptidases result in dipeptides or tripeptides and amino 
acids that can diffuse to the cell membrane surface. 
There they are brought into the cell by more than a 
dozen specific sodium-coupled transport mechanisms. 
The rate of absorption for various amino acids is dif-
ferent, and quantitatively most may be absorbed as 
dipeptides and tripeptides. Once in the enterocyte,  
all are degraded further to isolated amino acids. 
Although some amino acids entering the cells are syn-
thesized within them, most are transported by the baso-
lateral membrane directly into the circulation. Under 
special circumstances, intact protein molecules may be 
absorbed through specialized channels and the process 
of pinocytosis associated with M cells as part of the gut 
immune regulatory system.

Carbohydrates are absorbed almost exclusively in the 
form of monosaccharides, that is, as hexoses (glucose, 
fructose, and galactose) or pentoses (ribose and deoxy-
ribose). Monosaccharides are absorbed via specific 
sodium-coupled cotransport proteins that recognize 
only the D isomer of the molecule. Galactose is more 
rapidly absorbed than is glucose. Fructose is absorbed 
via facilitated transport down a concentration gradient 
via its own specific transport protein, GLUT5. Within 
fairly wide limits, the rate of hexose transfer is indepen-
dent of the intraluminal concentration. The presence 
of enzymes (hexokinases) catalyzing the conversion of 
hexoses to hexose phosphates in the intestinal mucosa 
and the reduction of glucose and galactose absorption 
can occur when the hexokinases are inhibited by phlo-
rizin. The picture of the absorption of pentoses is still 
less clear. The transfer of xylose, used now as an indica-
tor of the efficiency of intestinal absorption, may 
involve diffusion or phosphorylation, or both.

Lipolysis hydrolyzes fats to diglycerides, then mono-
glycerides, and then completely hydrolyzed fat compo-
nents, glycerol, and fatty acids that enter the cell 
through a specific transport mechanism, including  
fatty acid translocase CD36. Once absorbed, the  
split products are transported in the cell by fatty acid–
binding proteins to the endoplasmic reticulum,  
where they are resynthesized back to triglycerides. 
Other lipids are added, including apolipoproteins, in 
the Golgi apparatus, and the product is packaged  
into secretory granules. These leave the cell by exocy-
tosis as chylomicrons, moving into the lymphatics to 
the rest of the body. Some lipids exit the cell in very 
low density lipoproteins. Other lipids and some 

phospholipids may be further degraded, leave the cell, 
and enter the portal system. Similarly, cholesterol is 
transported into the cell by specific transport proteins 
located on the apical brush borders. It is processed 
within the cell and exits in chylomicrons or very low 
density lipoproteins.

The absorption of other lipids, cholesterol, phospha-
tides, and fat-soluble vitamins is intimately related to 
the mechanisms of fat absorption. Although some  
cholesterol may be esterified in the lumen, most is trans-
ported into the cell through receptor-mediated trans-
port. Free cholesterol and the cholesterol esters leave 
the intestinal cells by way of the lymph stream. The 
absorption of the hydrolytic products of phospholipid 
digestion (see above) follows the line indicated for fat 
absorption.

Vitamin A is a water-insoluble lipid derived from 
dietary carotenoid. The vitamin is actually made up of 
a family of biologically active retinoids. These retinoids 
are esterified to long-chain fatty acids that are hydro-
lyzed by pancreatic enzymes. Absorption occurs via 
passive, noncarrier-mediated transport into the cell, 
where the vitamin is further oxidized and eventually 
bound to retinol-binding protein for distribution to the 
rest of the body. Active vitamin D is the result of a 
complex series of steps, including actions in the kidney, 
liver, and skin. Although the skin can synthesize vitamin 
D under adequate exposure to sunlight, in more north-
ern climates, absorption of the inactive unesterified 
sterol precursors vitamin D3 (cholecalciferol) and D2 
(ergocalciferol) is important for their nutrient value. 
After absorption by the enterocyte, they are exported 
in chylomicrons to the circulation, where they become 
bound to transport proteins. In the liver, they are 
metabolized to 25-hydroxyvitamin D and then to 
1,25-dihdroxy vitamin D3 by the kidney.

The mechanisms involved in the absorption of the 
water-soluble vitamins (thiamine, riboflavin, nicotinic 
acid, pyridoxine, pantothenic acid, ascorbic acid, and 
cyanocobalamin [vitamin B12]) involve vitamin-specific, 
complex, receptor-mediated mechanisms after partial 
intraluminal metabolism. As discussed elsewhere, vitamin 
B12 is absorbed by complex interactions of two binding 
proteins. The salivary glands secrete a pH-dependent 
binding protein (R protein) known as haptocorrin that 
protects the vitamin from intragastric digestion. Once 
the complex reaches the duodenum, proteolysis releases 
haptocorrin, permitting the intrinsic factor secreted by 
the gastric parietal cells to bind B12 and facilitate its 
protection until absorbed in the distal ileum. The intrin-
sic factor–vitamin B12 complex is bound to the cubam 
receptor on ileal epithelium. There the complex is 
actively absorbed by endocytosis into the ileum.

Unlike other important nutrients and vitamins, 
vitamin K is primarily derived from synthetic actions of 
the microbiota and is absorbed by the colonic epithe-
lium. Although malabsorption of most fat-soluble vita-
mins is due to a deficiency of pancreatic enzymes or bile 
salts, vitamin K deficiency more commonly results from 
inadequate nutrition and the deleterious effects of anti-
biotics on the microbiota.

As mentioned, the role of the colon in absorbing 
nutrients to be used by the rest of the body is negligible. 
Colonic epithelial cells, however, are able to absorb 
short-chain fatty acids that are a major source of energy 
for the epithelial cells. Effective absorption of fluid and 
electrolytes by the colon is important and serves to limit 
the loss of fluid in the stool by nearly a liter under 
normal circumstances and by more when small intesti-
nal fluid delivery to the colon increases during disease 
states. It also limits the volume of fluid loss and the 
inconvenience of frequent defecations.
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oVerVIew of 
gaStroInteStInal 
HemorrHage

Many gastrointestinal disorders manifest themselves by 
bleeding. Intestinal bleeding may present as bright-red 
blood, suggesting gross lower bleeding (hematochezia), 
passage of black stool (melena), or other findings of 
bleeding but no change in stool color (occult bleeding). 
When no cause of bleeding can be detected with the 
usual examinations, obscure gastrointestinal bleeding is 
occurring.

More severe hemorrhages reveal themselves by the 
appearance of visible blood in the stool, where it may 
be intermingled with the fecal material as bright-red 
blood (hematochezia) or appear as bloody diarrhea. 
Hematochezia in small volumes is almost always caused 
by a colonic lesion. In contrast, passage of large volumes 
of red blood or bloody stools may be caused by intes-
tinal disorders or upper gastrointestinal hemorrhage, in 
which case it signifies massive bleeding. It is often noted 
that the “most common etiology of hemodynamically 
significant lower GI bleeding is an upper GI source” 
originating above the ligament of Treitz. Lesions 
causing upper gastrointestinal bleeding can accurately 
be detected in more than 95% of cases by upper endos-
copy. Upper endoscopy is a procedure of shorter  
duration than colonoscopy, does not require bowel 
preparation, and often detects lesions that can be easily 
treated by a wide variety of effective devices. If upper 
endoscopy is negative, attention should be directed to 
the colon as the most likely source and to the small 
intestine only if thorough evaluations of both the upper 
digestive tract and colon are negative.

Distinguishing upper bleeding from lower bleeding 
is often challenging, even for experts. Bleeding that is 
at first thought to originate in the colon will later be 
determined to be from an upper source in 15% of 
patients. An upper digestive organ source is confirmed 
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in patients with hematemesis, blood in a nasogastric 
lavage, or blood seen endoscopically. An upper source 
should be pursued before proceeding with colonoscopy 
whenever bleeding is brisk and hemodynamically sig-
nificant, there is melena, there is known or suspected 
liver disease, the patient has been taking nonsteroidal 
anti-inflammatory drugs, or there are known upper 
pathologic findings. Lower gastrointestinal bleeding is 
less likely if the blood urea nitrogen–to-creatinine ratio 

is higher than 25 and very unlikely if the ratio is higher 
than 50.

Substantial bleeding may also present as black stool, 
known as melena. The black color indicates that blood 
has been exposed to the digestive activity of intestinal 
secretions, and therefore, as a rule, it is a sign that the 
bleeding originates from a lesion in the gut above the 
cecum. Rarely, however, melena may occur with lesions 
located as low as the left colon. Because colonoscopy 
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will detect a source of bleeding in the colon in less than 
5% of patients with melena who have had a negative 
endoscopic examination, it is imperative that a thorough 
upper examination be performed first in all patients 
with melena as well as in those with overt bleeding.

The loss of blood from the intestines may be so 
minimal that, in the absence of other symptoms, it may 
escape attention until microcytic anemia is seen as the 
first sign of a gastrointestinal disorder. Because bleed-
ing is often the only sign of serious pathologic situations 
in the digestive tract, it is important to include an evalu-
ation for fecal “occult” blood at the slightest suspicion 
of a lesion in the gut.

To avoid pitfalls, one should remember that neither 
stool color nor the presence of blood on fecal occult 
blood testing is conclusive evidence that a lesion is 
present in the digestive system. The stool may be dis-
colored for reasons other than the presence of blood. 
The stool is often gray or black in patients taking iron 
or bismuth preparations. It may be reddish when the 
patient has eaten beets or other red substances if transit 
is rapid, as occurs with severe diarrhea. Likewise it is 
important to appreciate that bleeding originating in  
the oral or pharyngeal cavity or from hemorrhagic lesions 
in the respiratory tract can be detected in the feces. 
Vaginal bleeding may also be mistaken as rectal bleed-
ing. More commonly, false-positive testing for occult 
blood occurs in patients eating red meat. Such false-
positive results can be avoided if testing is performed 
with immune techniques that accurately detect only 
human hemoglobin.

Before proceeding with definitive testing and possible 
treatment with endoscopic techniques, the airway, 
breathing, and circulatory status of the patient must be 
promptly assessed and secured (ABCs of emergency 
care). The history should focus on potential causes,  
the volume of blood lost, the presence of any signs or 

symptoms of coagulopathy (including use of nonsteroi-
dal antiinflammatory drugs), and the presence of comor-
bidities. Correcting any of these existing problems must 
be the foremost priority during the first 24 hours after 
the patient is admitted to the hospital. Laboratory 
testing, including a complete metabolic panel, complete 
blood count, and coagulation studies, should be sent for 
stat analysis. Blood should be drawn for blood typing 
and, when appropriate, for cross-matching. Only when 
the patient is hemodynamically stable and any ongoing 
concurrent illnesses have been addressed and optimized 
should the bowel be thoroughly prepped for an urgent 
colonoscopic examination.

The source of lower gastrointestinal bleeding can be 
accurately detected in most patients by colonoscopy. In 

a select clinical setting, particularly when the patient  
has recently had a normal colonoscopy and describes  
low-volume hematochezia, a sigmoidoscopy may be all 
that is needed. It is particularly useful to perform sig-
moidoscopy when the patient is actively experiencing  
bleeding. Hemorrhoids missed by flexible endoscopic 
techniques may be more accurately detected with rigid 
proctoscopy. When upper endoscopy and colonoscopy 
fail to identify a source, balloon-assisted enteroscopy 
can reach most, if not all, of the jejunum and ileum. 
Sources of bleeding can often be treated using these 
endoscopic techniques. The use of other techniques to 
detect bleeding sources, including capsule enteroscopy, 
nuclear scans, angiography, and cross-sectional imaging 
techniques, is described in Plates 2-12 and 2-33.

oVerVIew of 
gaStroInteStInal 
HemorrHage (Continued)
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laparoScopIc perItoneoScopy

Laparoscopic peritoneoscopy is the direct inspection of 
the peritoneal cavity and its contents by means of an 
endoscopic instrument introduced through the abdom-
inal wall. Laparoscopic surgery has revolutionized the 
field of surgery and has gradually been replacing many 
conventional surgical procedures. The procedure is 
used in gastroenterologic, general surgical, and gyne-
cologic disorders in which a positive diagnosis cannot 
be established by simpler methods. Its value lies in the 
fact that it can frequently supply information that  
otherwise would be obtained only by exploratory lapa-
rotomy. In addition to being a surgical method, it is 
particularly valuable as a diagnostic tool for visualizing 
and obtaining biopsies from peritoneal surfaces, the 
liver, the omentum, and the small bowel, as well as the 
pelvic organs. Intraabdominal adhesions, peritoneal 
carcinomatosis or tuberculosis, ascites, or hemorrhage 
can readily be recognized and sampled via a laparo-
scope. In malignant disease, laparoscopy is useful for 
staging.

The examination is carried out in an operating room 
using all aseptic precautions, as one would with open 
laparotomy. Laparoscopy requires lifting of the abdom-
inal wall from the abdominal organs. The method used 
by most surgeons is the creation of a pneumoperito-
neum by insufflation with carbon dioxide into the peri-
toneal cavity through a needle or cannula. An alternative 
to pneumoperitoneum is an abdominal lift device that 
can be placed through a 10- to 12-mm trocar at the 
umbilicus. These devices have the advantage of creating 
little physiologic derangement, but they are bulky and 
do not allow as much working room as a pneumoperi-
toneum does.

The first step in the procedure is to establish abdomi-
nal access. This is achieved by two methods. The first, 
closed technique allows the surgeon to place a special-
ized, spring-loaded Veress needle into the abdominal 
cavity without damaging the underlying organs. The 
umbilicus is usually selected as the preferred point of 
access because, in this location, the abdominal wall is 

Plate 1-17 
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thin, even in obese patients. The abdomen is then 
inflated with carbon dioxide gas.

The other method is the open (Hasson) technique. 
With this technique, the surgeon makes a small incision 
just below the umbilicus and, under direct vision, 
locates the abdominal fascia. A small incision is made 
through the fascia and underlying peritoneum. A finger 
is placed in the abdomen to make certain that bowel is 
not adherent before insufflation is begun. This tech-
nique is preferable for patients who have undergone 
previous operations that may have caused the small 
bowel to be adherent to the undersurface of the abdom-
inal wound.

The usual site of initial insufflation is the umbilicus; 
the primary trocar/laparoscope port is placed at the 
same site. The locations of multiple other ports are 
chosen to triangulate the camera and the instruments 
around a focal point within the abdomen, thereby 
maintaining optimal access for manipulation of the 
instruments. Certain areas, such as areas of scarring 
from prior operations (because of the likelihood of 
adhesions), the upper right quadrant (because of the 
round ligament), and the midline of the rectus abdomi-
nis muscle (because of the course of epigastric vessels), 
should be avoided. Alternative access techniques for 
laparoscopic surgery include single-incision surgery, 
single-port access, and natural orifice transluminal 

endoscopic surgery. In single-incision surgery, a single 
incision is made, usually at the umbilicus, rather than 
multiple incisions for multiple ports. In natural orifice 
transluminal endoscopic surgery, a multichannel endo-
scopic technique is used to reach the peritoneal cavity 
through the mouth, stomach, vagina, or rectum. This 
technique is a truly “scarless” operation with minimal 
pain. Turning the patient on the right side may help to 
expose the spleen, and applying the Trendelenburg 
position causes the pelvic organs to become visible.

Laparoscopic peritoneoscopy has proved its value in 
diagnosing peritoneal tuberculosis and abdominal 
malignant diseases and determining whether they are 
operable, in diagnosing hepatobiliary diseases, in iden-
tifying obscure abdominal masses, and in diagnosing 
diseases involving the pelvic organs. The risks of lapa-
roscopy are few but include accidental injury such as air 
embolism, hemorrhage from a ruptured blood vessel, 
perforation of a hollow viscus, pneumothorax, and 
pneumomediastinum. Laceration of the inferior epigas-
tric artery has been reported. Most complications can 
be avoided with a perfect technique and a proper selec-
tion of patients. Absolute contraindications to the pro-
cedure include hemodynamic or respiratory instability, 
serious heart and lung diseases, and diaphragmatic 
defects. It is sometimes necessary to exclude from 
examination patients with extensive operative scars.
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Plate 1-18 

CAUSES OF ACUTE ABDOMEN
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tHe “acute aBdomen”

An acute abdominal condition should be described as 
acute abdomen when a patient complains of abdominal 
pain that persists for more than a few hours and is 
associated with tenderness or other evidence of an 
inflammatory reaction or a visceral dysfunction. The 
diagnosis of the cause of acute abdominal conditions 
remains one of the most challenging problems in medi-
cine. Many pathologic processes, both intraabdominal 
and extraabdominal, may result in an acute abdomen. 
An accurate history, thorough physical examination, 
and proper laboratory examinations help to make the 
broad differential diagnosis of causes.

Pain in the right upper quadrant may originate from 
cardiac, pulmonary, gastrointestinal, and renal condi-
tions. Evidence of cardiac failure may implicate the 
heart; a pleuritic type of pain, cough, sputum, and aus-
cultatory findings over the right lower lobe point may 
implicate disease above the diaphragm. A prodromal 
period of nausea and anorexia, followed by pain, jaun-
dice, and enlargement of the liver, suggests hepatitis, 
which must be differentiated from acute cholecystitis, 
which presents with colicky pain and a tender, globular 
mass in the right upper quadrant. Urinalysis showing 
red and/or white blood cells will suggest pyelonephritis 
or renal stone, whereas glycosuria and ketonuria may 
be the first positive evidence that the pain is a clinical 

facet of diabetic acidosis. Unquestionably, the most dif-
ficult area in which to make a diagnosis is the right 
lower quadrant in females. Though persistent pain in 
this region should be considered a sign of appendicitis 
until proved otherwise, one must keep in mind that a 
twisted, ruptured, or bleeding ovarian cyst, a pelvic 
inflammatory process, or a twisted pedunculated fibroid 
may cause identical symptoms. The situation is simpli-
fied only by the fact that surgery is indicated for all 

these lesions, provided that systemic and renal diseases 
have been excluded. With pain and tenderness on the 
left side, a tumor or diverticulitis must enter into the 
differential diagnosis. Intestinal obstruction, whatever 
its cause, may start its clinical appearance with the signs 
and symptoms of acute abdomen. A patient with an 
abdominal scar from previous surgery, who complains 
of cramps and vomiting, must be assumed to have intes-
tinal obstruction until proved otherwise.
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Plate 1-19 

ACUTE ABDOMEN: THORACIC, RETROPERITONEAL, SYSTEMIC, ABDOMINAL WALL
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Although the location of pain usually fixes the site of 
a disease process, pain may be felt at a distance from the 
pathologic process. During a careful physical examina-
tion in which one is looking closely for the maximal area 
of tenderness, guarding or rebound may accurately dis-
close the site of disease; the imprecise nature of nocicep-
tion localizing in all viscera can be humbling to even the 
best clinician. Appendicitis frequently begins with epi-
gastric or periumbilical pain before localizing to the 
right lower quadrant, a site often referred to as the 
McBurney point. Although acute cholecystitis is most 
commonly identified in the right upper quadrant and 
will result in a positive Murphy sign, it commonly pres-
ents with epigastric pain or pain in other quadrants, the 
periumbilical area, or the right shoulder. Similarly, per-
forated peptic ulcer and pancreatitis may manifest 
themselves with lower abdominal pain, particularly if 
there has been extravasation of inflammatory exudate 
down the pericolonic gutters. Rebound tenderness, the 
most significant if not truly pathognomonic sign of 
peritoneal inflammation, is almost always an indication 
of the need for surgical intervention. The exception to 
this rule is a peritoneal reaction that can be shown to be 
due to a systemic disease (e.g., systemic lupus erythema-
tosus or sickle cell crisis).

With any doubt about the abdominal diagnosis, 
upright and supine views of the abdomen and an 
upright chest roentgenogram should be obtained 
immediately. The latter will exclude or ascertain  
the presence of pneumonia, pulmonary infarction, 
congestive heart failure, pericardial effusion, or frac-
tured ribs, all of which can present with the clinical 
picture of an acute abdomen. On the abdominal or 
chest film, free air under the diaphragm usually indi-
cates a perforated viscus and, thus, the need for urgent 
surgical intervention. Opaque calculi may be visible 
and lead to a diagnosis of cholecystitis, chronic pan-
creatitis, renal lithiasis, or even gallstone ileus. In cases 
of injury manifesting paralytic ileus, roentgen exami-
nation may disclose fracture of a vertebra or the pelvis. 
Localized ileus (the sentinel loop) may be seen in 
pancreatitis, appendicitis, or mesenteric infarction. 
Volvulus of the sigmoid or cecum presents with a 

characteristic appearance on x-ray. In most cases, 
emergency computerized tomography (CT) scanning 
of the abdomen and pelvis will reveal the diagnosis. 
Until perforation has been definitively ruled out, 
liquid-soluble contrast should be used rather than 
ingestion of barium.

Examining the abdominal fluid at the time of lapa-
roscopy or in an emergency setting with a peritoneal 
tap performed with a fine needle may yield considerable 
information. Clear fluid is obtained in the presence of 
an early peritoneal response to an inflammatory process. 
The process has progressed if leukocytes and bacteria 
are found in a turbid fluid. Sanguineous fluid with a 
positive amylase reaction points to acute hemorrhagic 
pancreatitis, whereas a frankly bloody fluid must be 
attributed to trauma, a ruptured spleen or liver, mesen-
teric vascular occlusion, a ruptured or twisted and 
infarcted ovarian cyst, or ectopic pregnancy.

tHe “acute aBdomen” 
(Continued)



 Lower Digestive Tract: PART II

22 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

oVerVIew of dIgeStIVe tract 
oBStructIonS

Any organic or functional condition that primarily or 
indirectly impedes the normal propulsion of luminal 
contents from the esophagus to the anus could be  
considered a partial or complete obstruction. In the 
newborn, a variety of congenital anomalies (esophageal, 
intestinal, anal atresias, colonic malrotation, volvulus  
of the midgut, meconium ileus, aganglionic megacolon) 
resulting in obstruction are illustrated here. Other 
causes of mechanical interference of intestinal function 
in early infancy include incarceration in an internal or 
external (inguinal) hernia, congenital peritoneal bands, 
intestinal duplications, volvulus due to mesenteric cysts, 
and annular pancreas, though the latter may not become 
clinically manifested until the patient is an adult or an 
aged adult.

Esophageal diseases that interfere with the normal 
passage of fluids and solids are illustrated in the upper-
most row of the drawing. Esophageal strictures can be  
iatrogenic from endoscopic procedures, irradiation, 
medications, or surgery; vascular; neoplastic; or, most 
commonly, gastroesophageal reflux. Congenital or 
acquired webs and rings, particularly Schatzki rings,  
are common, easily treatable causes of esophageal 
obstruction. Fundoplications performed to treat reflux 
and repair an esophageal hernia will, by design, reduce 
the size of the lumen at the gastroesophageal junction 
and hence produce a functional stricture. Creating a 
surgical narrowing that is snug but not excessively tight 
(so that it causes a functional or mechanical obstruction) 
is the essence of a successful surgical intervention. 
Extraluminal pressure on the esophagus by a tumor 
mass, goiter, aberrant or enlarged arteries, or visceral 
abnormalities in the neck or mediastinum will lead to 
the same results.

Functional or mechanical impairment of gastric emp-
tying is common. Gastroparesis implies a functional 
delay, but this diagnosis should only be made when 
intrinsic and extrinsic causes of mechanical obstruction, 
metabolic causes, and medication-related causes have 
been excluded. Gastroparesis is commonly seen in 
patients with hypothyroidism, amyloidosis, or connec-
tive tissue disease; following surgery; and as a complica-
tion of diabetes. Gastroparesis can be difficult to 
distinguish clinically from partial gastric obstruction 
because both present with early satiety, nausea, vomit-
ing, bloating, distention, and, if prolonged, weight loss. 
Habitual intake of excessive indigestible material that 
accumulates in the stomach—such as hair (trichobe-
zoar), fruit or vegetable fibers (phytobezoar), undis-
solved medications (pharmacobezoar), and even plastic 
materials—can result in chronic partial gastric obstruc-
tion. Initially these materials may persist as accumula-
tions of loose semisolids, but with time, they will be 
compressed by gastric contractions into a solid ball that 
can add to the impaired emptying. Intrinsic benign 
mechanical occlusion occurs most commonly from 
antral, prepyloric, or pyloric peptic ulcer. Surgery, irra-
diation, ingestion of caustic substances, and benign 
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neoplasms such as large epithelial polyps, leiomyomas, 
or gastrointestinal stromal tumors commonly also lead 
to partial gastric obstructions. Intrinsic or extrinsic 
malignant neoplasms are all too common mechanical 
causes of gastric outlet obstruction.

Obstruction of the duodenum is most commonly  
due to peptic ulcer disease. As with other severe  
complications of peptic ulcer, peptic strictures should 
raise concern for the presence of a gastrinoma (Zollinger-
Ellison syndrome). Extraluminal compression may occur, 
as in superior mesenteric artery syndrome, in which local 
extension of a carcinoma of the head of the pancreas, 
colon, or upper pole of the left kidney puts pressure on 
or invades other structures. Other extrinsic neoplastic 
causes of duodenal obstruction include lymphadenopa-
thy in the small bowel mesentery or extension of cancer 
into the transverse mesocolon.

Small intestinal obstruction typically leads to peri-
umbilical pain, bloating, and, eventually, vomiting of 
feculent liquids. Of the wide variety of conditions that 

can lead to obstruction of the small intestine, the most 
common in adults are adhesions following previous 
surgery. In children and adults, the presence of an 
incarcerated loop of small bowel in a hernia should  
be considered as a potential cause that will require 
urgent surgical attention before ischemic injury ensues. 
Hernias are described, based on their location, as ingui-
nal, femoral, diaphragmatic, paraesophageal, incisional, 
umbilical, ventral, or internal, including spigelian 
hernia. Incarceration of a hernia resulting from entrap-
ment of a loop of small intestine in a congenital, trau-
matic, or surgical ring is a surgical emergency. The 
small intestine can also be obstructed by large intra-
luminal objects, including ingested foreign bodies, 
bezoars, or a large biliary calculus, or as a consequence 
of an accumulation of parasitic worms. Mechanical 
obstruction of the small intestine may also be produced 
by intussusception, which will be found to be secondary 
to a mucosal lesion in a frequency that increases  
with the patient’s age. Varying degrees of small bowel 
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ACQUIRED CAUSES OF OBSTRUCTION

obstruction may be the result of segmental fibrotic 
stricture formation in patients with Crohn disease, most 
commonly in the ileum and jejunum. Small bowel  
loops may become stenotic as the result of healing fol-
lowing localized infarction sustained in hernial incar-
ceration or mesenteric vascular occlusion. Primary 
neoplasms of the small intestine, while rare, should 
always be considered in the differential diagnosis and 
include carcinomas, neuroendocrine tumors, gastroin-
testinal stromal tumors, leiomyosarcomas, and lym-
phomas. Finally, iatrogenic intestinal obstruction may 
occur on occasion, including anastomotic stenosis, 
torsion or angulation, or antiperistaltic anastomosis of 
intestinal loops, or as the result of other faulty surgical 
techniques. Common extrinsic causes of intestinal 
obstruction other than postoperative adhesions include 
congenital peritoneal bands, metastatic tumor implants, 
Meckel diverticulum, and adhesive peritonitis (tuber-
culosis, Mycobacterium avium intracellulare, or other 
foreign body granulomas).

Nonmechanical impairment of intestinal motor  
function has been descriptively termed reflex, adynamic, 
or paralytic ileus. The continued use of this term is 
unfortunate. Although it is used widely to describe 
functional intestinal motility, it almost never is restricted 
to the ileum alone and, in fact, is often used indiscrimi-
nately when both the small bowel and large bowel are 
dysfunctional. The term ileus should not be used to 
describe impaired motility isolated to the colon. The 
patient typically presents with failure to pass flatus, 
abdominal distention, a “silent abdomen,” and the 
radiographic findings of dilatation of the small and/or 
large intestine with accumulation of fecal material, 
fluids, and excess gas.

Ileus can be a complication of various conditions that 
can lead to delayed intesti nal transit, including metabolic 
disorders, metastatic neoplasms, vascular or inflamma-
tory disorders, and infectious mesenteritis. Other causes 
include central nervous system lesions, spinal disorders, 
postoperative complications, or complications following 

pancreatitis, peri tonitis, penetrating or blunt trauma, or 
extensive rib fractures. Other clinical conditions in which 
ileus has been said to occur as a “reflex” phenomenon 
include renal or biliary colic, pneumonia, torsion infarc-
tion of an ovarian cyst, coronary thrombosis, and retro-
peritoneal hemorrhage (incident to fracture of the spine 
or pelvis, a dissecting aortic aneurysm, urinary extravasa-
tion, or rupture of the kidney). Causes of constipation are 
described elsewhere.

So-called paralytic or adynamic ileus occurs commonly 
in the setting of purulent peritonitis (due to a perforated 
appendix, perforated hollow viscus, pelvic inflammatory 
disease, leakage or dehiscence of an intestinal suture line, 
wound evisceration, and other problems). Ileus may 
follow the intraperitoneal extravasation of gastric or duo-
denal contents (perforated peptic ulcer), pancreatic juice 
(acute hemorrhagic pancreatitis), bile (perforated gall-
bladder, bile leakage from the liver or bile ducts), and 
blood (postoperative hemorrhage, rupture of the liver or 
spleen, ectopic gestation, or “chocolate” cyst of the ovary).
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acute perItonItIS

Acute infectious peritonitis results from chemical 
injury, autoimmune inflammation, or infection from a 
variety of microorganisms. The latter reach the perito-
neum (1) from the exterior by penetrating wounds of the 
abdominal wall (trauma, surgery), (2) from an infectious 
process in an abdominal organ via the lymphatics or ostia 
of the fallopian tubes, (3) by rupture of a viscus, (4) from 
a distant organ via the bloodstream, or (5) spontaneously 
without a bowel injury. Rupture of a viscus can result 
from a wide variety of inflammatory, vascular, or malig-
nant injuries of the bowel. Spontaneous infections 
result from bacterial translocation across the mucosa 
and into adjacent fluid, most commonly ascites or  
dialysis fluid. Infections involve a variety of species  
of pathogenic microorganisms, including Escherichia 
coli, streptococci, enterococci, staphylococci, diphthe-
roids, Clostridium species, Klebsiella, and pneumococci. 
When peritonitis results from bowel perforation, there 
is invariably more than one species involved. Identifica-
tion of the organisms provides clues as to the source of 
the infection. When multiple gram-negative or anaero-
bic species are involved that are typical of the intestinal 
flora, they are a consequence of bowel injury. In con-
trast, when the organism is atypical for gut flora, such 
as gonococci, streptococci, or staphylococci, the source 
is extraintestinal. Gonococcal peritonitis occurs almost 
exclusively in females as a complication of gonorrheal 
salpingitis; it is usually confined to the pelvis. A form 
of gonococcal peritonitis localized in the upper right 
abdominal quadrant is characterized by the appearance 
of thin fibrin bands (violin strings) between the anterior 
surface of the liver, the diaphragm, and the anterior 
abdominal wall and, clinically, by severe acute pain in 
this region (Fitz-Hugh–Curtis syndrome). Pneumococcal 
peritonitis may develop as a complication of a pneumo-
coccal infection elsewhere in the body (e.g., pneumo-
nia, empyema, otitis), but it may occur also as a primary 
disease; as such, it is observed mostly in female children 
between the ages of 3 and 7 years, and it is believed that 
the pneumococci reach the peritoneum from the genital 
tract through the fallopian tubes.

The course of peritonitis is determined by the quality 
and quantity both of the injurious agents and of the 
body’s defenses. The infection may remain localized 
and walled-in by the adhesion of adjacent structures, or 
it may spread and become generalized. The pathologic 
changes are those seen in inflammation of any serous 
membrane; the peritoneum becomes congested and, 
owing to the deposition of fibrin, loses its normal sheen. 
The exudate is serous during the earliest stages but later 
becomes purulent. The inflammatory process may 
reach the blood vessels in the mesentery, where throm-
bosis may develop and determine gangrene in a part of 
the bowel. A localized peritonitis in the form of an abscess 
may occur at the primary point of infection or at some 
distance from it. The most common causes of localized 
abdominal abscess include those that arise from perfo-
rated appendix, diverticulitis, and ruptured cholecysti-
tis. Pelvic abscesses may also result from appendicitis, 
though they are more commonly due to gynecologic 
infections. The most important form of localized peri-
tonitis is, however, the subphrenic abscess characterized 
by the collection of pus in one of the subphrenic spaces. 
The pus usually originates in the upper abdomen, but 
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Acute peritonitis due to irritating substances

it may also come from the right iliac fossa or even the 
pelvis. The most common causes of a subphrenic 
abscess are gastric or duodenal perforation, appendicitis, 
and hepatobiliary infections.

Acute peritonitis may result from the entrance of 
irritating substances into the peritoneal cavity. Bile may 
escape from an injury to the intrahepatic or extrahepatic 
biliary system sustained during trauma or surgical pro-
cedures or caused by rupture. Irritating quantities of 
blood enter the cavity usually from a rupture of the 
spleen, uterine tube (in a tubal pregnancy), liver, or 
other structures. Pancreatic enzymes reach the perito-
neum in the course of acute hemorrhagic pancreatitis, 

whereas the entrance of gastric juice results from gastric 
or duodenal perforation.

The typical symptoms of generalized peritonitis are 
abdominal pain, rigidity of the abdominal musculature, 
and vomiting; in the early stages, hyperperistalsis may 
develop, but as the process extends, paralysis of the 
intestinal tract sets in. Both the temperature and pulse 
rate are elevated. The blood picture usually shows leu-
kocytosis. If peritonitis is due to perforation of a hollow 
viscus, the presence of free air or fluid may be elicited 
on examination or shown on x-ray imaging. If the infec-
tion is virulent and the body’s defenses are poor, the 
disease is particularly severe and often rapidly fatal.
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cHronIc perItonItIS

Tuberculous peritonitis can occur at any age but is seen 
more commonly in young adults and children, patients 
undergoing dialysis, or immunocompromised patients 
such as those with acquired immunodeficiency syn-
drome. It is practically always secondary to some other 
focus in the body, the most frequent sources of infection 
being tuberculous lesions in the bowel, mesenteric 
glands, and fallopian tubes. In the course of general 
miliary tuberculosis, the tuberculous peritonitis may 
occur as an acute infection; much more commonly, 
however, it appears as a chronic condition that mani-
fests itself in one of two main forms: (1) exudative or 
moist and (2) plastic or dry. In the first variety, the 
exudation is marked and the abdominal cavity becomes 
filled with a thin ascitic fluid; numerous tubercles, about 
the size of a pinhead or larger, appear on the peritoneal 
surfaces. In the second variety, the exudate is dense and 
rich in fibrin, formation of adhesions occurs most 
readily, and the viscera become matted together; the 
peritoneum is studded with tubercles, which, however, 
may be covered by deposits of fibrin; the omentum is 
often greatly thickened and rolled up. Caseous necrosis 
of tuberculous lesions may lead to formation of fistulous 
tracts. The two varieties may occur together, giving rise 
to the so-called encysted or encapsulated form charac-
terized by loculated collections of fluid encysted by the 
dense adhesions.

Tuberculous peritonitis may have a sudden or an 
insidious onset. The most common clinical manifesta-
tions are diffuse or localized abdominal pain of variable 
intensity and abdominal distention due to ascites; in the 
dry form, however, the effusion may be small and dif-
ficult to demonstrate by physical examination. Fever is 
common but is typically intermittent and of low grade. 
Other symptoms include distention, nausea and vomit-
ing, constipation or diarrhea, and, of course, general 
constitutional symptoms that usually accompany a 
tuberculous infection. Physical examination of the 
abdomen may reveal signs of fluid, a diffuse or localized 
tenderness, and, eventually, intraabdominal masses. 
Ascitic fluid obtained by paracentesis may be clear, 
cloudy, lemon-yellow, or bloody, and, in the case of 
erosion of the mesenteric lymphatic system, chylous. Its 
cellular analysis shows, in the very early stages, the 
predominance of polymorph neutrophils, which are 
gradually replaced by lymphocytes and monocytes. 
Tubercle bacilli may eventually be isolated from the 
ascitic fluid by culture or QuantiFERON. Testing for 
exposure to tuberculosis can be assessed with skin 
testing or the interferon gamma release assay. Neither 
test is very sensitive in the setting of intestinal or  
peritoneal disease. The most definitive procedure for 
diagnosis of peritoneal tuberculosis is laparoscopic peri-
toneoscopic biopsy of a tubercle.

A chronic granulomatous peritonitis grossly resembling 
that caused by tuberculosis may occur in a number of 
other diseases. Mycobacterium avium intracellulare infec-
tion is a mycobacterial disease that can mimic tubercu-
losis in every way; it occurs most commonly in 
immunocompromised patients. South American blasto-
mycosis and coccidioidomycosis (caused by Paracoccidioides 
brasiliensis and Coccidioides immitis, respectively), actino-
mycosis, syphilis, and tularemia occasionally involve the 
peritoneum and produce granulomatous lesions. Foreign 
substances, such as talcum, liquid petrolatum, x-ray con-
trast media, and others, introduced into the peritoneal 
cavity during operations or diagnostic procedures  
(e.g., hysterosalpingography), as well as extruded 
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gastrointestinal contents left in the abdominal cavity 
after operations, and contents of ruptured dermoid and 
other cysts, may all cause a chronic inflammatory reac-
tion, with formation of adhesions and foreign body 
granulomas. A similar reaction may be produced by 
Enterobius vermicularis and ova of Schistosoma that may, 
by erratic migration, reach the peritoneum.

Fibrous bands and adhesions may form in the peri-
toneal cavity as a late result of acute peritonitis or a 
result of localized chronic peritonitis (perivisceritis) 
occurring over the site of an ulcerative or inflammatory 
lesion in the stomach, intestine, gallbladder, liver, or 

genital organs. A fibrinous perihepatitis and perispleni-
tis may accompany liver cirrhosis and other conditions 
with persistent ascites.

Serositis may mimic bacterial peritonitis. This most 
commonly is due to systemic lupus erythematosus and 
related forms of vasculitis. Less commonly, noninfec-
tious peritonitis may be due to familial Mediterranean 
fever or porphyria. A rare form of polyserositis charac-
terized by intense fibrosis with hyalinization of the peri-
toneum and other serous membranes, particularly the 
pericardium and pleura, is known as Pick or Concato 
disease.
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cancer of perItoneum

Primary malignant tumors of the peritoneum (meso-
theliomas or endotheliomas) are rare, but secondary 
malignant tumors are relatively common. Tumor cell 
spread into the peritoneum occurs by direct extension, 
hematogenous spread, or lymphatic spread. Once the 
peritoneum has been invaded, dissemination of malig-
nant cells throughout the peritoneal cavity and implan-
tation diffusely throughout the peritoneal surfaces can 
occur rapidly. Epithelial primary carcinomas commonly 
metastasize to the peritoneum (e.g., adenocarcinomas 
of the stomach, intestine, ovaries, and, less commonly, 
lung and breast). Melanomas also frequently metasta-
size to the digestive system, including the mesentery. 
Malignant neoplasms of the retroperitoneal connective, 
nervous, or muscular tissue, as well as sarcomas and 
teratomas, although rare, invade the peritoneum or 
become metastasized within it.

Mesothelioma, the most common primary tumor, is 
a rare, aggressive tumor arising from mesothelial cells 
within the serosal lining of the peritoneum, pleura, and 
pericardium. Though the cause is unclear, there is a 
strong association with asbestos exposure. Peritoneal 
mesothelioma is classified as either benign-borderline 
(multicystic or well-differentiated papillary) mesothe-
lioma or diffuse peritoneal (epithelial, sarcomatoid, or 
biphasic) mesothelioma.

Normally, the peritoneal stromal tissue is a rich 
source of growth factor and chemokines. Infiltration of 
malignant cells often increases exudative secretions and 
occludes the lymphatics. Accumulation of excess fluid 
in the peritoneum, (malignant ascites) may be serous, 
serofibrinous, hemorrhagic, or chylous from malignant 
fatty degeneration. Chylous pleural effusions, in con-
trast, are caused by damage to the thoracic duct or its 
main tributaries.

Peritoneal metastases have various morphologic find-
ings, with the gross pattern dependent on the histology 
of the primary tumor, manner of spread, and intensity 
and type of peritoneal reaction. Most common are 
nodules scattered over the omentum, mesentery tissue, 
and visceral and parietal peritoneum; smaller nodules, 
measuring a few millimeters in diameter, are semitrans-
lucent, whereas larger ones are opaque, white, yellowish 
white, gray, or reddish. When surface growth exceeds 
growth in depth, plaque-like masses develop, which vary 
in size and usually have a waxy appearance. Such lesions 
may be difficult to detect by even the most accurate 
cross-sectional imaging. Necrotic changes can produce 
ulcer-like depressions and most commonly occur with 
metastases from ovarian papillary serous cystadenoma. 
In the adhesive form, extensive adhesions may develop 
in the peritoneal cavity due to organized fibrin bands 
produced by dense exudate, the confluence of adjacent 
implants, or tumor infiltration from one organ to 
another. Gastric carcinoma is prone to produce metas-
tases; many experts recommend peritoneal fluid cyto-
logic analysis before one attempts extensive surgical 
resections. When more advanced, such metastases may 
merge into a mass that can lead to fistula formation or 
obstruction. Other types of peritoneal metastases 
appear as pedunculated nodules or as small sessile or 
pedunculated cysts. The cause is usually papillary 
serous cystadenocarcinoma or cystic ovarian tumors. 
Metastases of appendicular adenocarcinoma or of 
ovarian pseudomucinous cystadenocarcinoma on the 
peritoneal surfaces may produce pseudomyxoma peritonei, 
in which a large quantity of gelatinous material  
accumulates in the peritoneal cavity. Rupture of a 

nonmalignant mucocele of the appendix with fistula 
formation may also lead to accumulation of mucus in 
the peritoneal cavity.

The symptoms of peritoneal carcinomatosis are 
chiefly abdominal distention due to ascites and abdomi-
nal pain but may include weight loss, anorexia, fever, 
and diarrhea. Physical examination reveals signs of fluid 
and, eventually, palpable masses. The differential diag-
nosis should consider all chronic peritoneal conditions. 
The initial diagnostic procedure is paracentesis for 
analysis of fluid, including the cell count, gram-stained 
smear and culture, acid-fast bacilli stain and culture, 
cytologic studies, and chemistry testing. Malignant 
ascites is typically exudative with a low albumen gradi-
ent. Cytologic demonstration of tumor cells in ascitic 
fluid is also diagnostic. False-positive results may 
occur because reactive mesothelial cells can simulate 
carcinoma. Immunohistochemistry can also establish 

the diagnosis. CT scanning and magnetic resonance 
imaging may show mesenteric thickening, peritoneal 
studding, a tumor mass, and ascites, though advanced 
disease may present without radiologic evidence. When 
the diagnosis remains unclear, peritoneoscopy by laparos-
copy permits visualization of peritoneal deposits, cyto-
logic assessment, and/or biopsy.

There is no staging system for primary peritoneal 
mesothelioma, though one has been proposed. The 
expected median survival time for peritoneal carcino-
matosis is 1 to 2 years. Local invasion of the liver, 
abdominal wall, diaphragm, retroperitoneum, gastroin-
testinal tract, and bladder commonly occurs. Treatment 
involves a multidisciplinary approach, combining  
cytoreductive surgery, chemotherapy, hyperthermic 
perioperative intraperitoneal therapy, and irradiation. 
Surgical intervention can be palliative for debulking, 
particularly when intestinal obstruction is present.
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aBdomInal woundS:  
BlaSt InjurIeS

Abdominal wounds and blunt trauma are common 
acute injuries encountered in emergency settings. The 
depth and severity of a penetrating wound cannot be 
determined by history or physical examination alone. 
After stabilizing the airway, breathing and circulation, 
emergency cross-sectional imaging is essential as the 
operating room is being prepared and surgical expertise 
recruited. Broad-spectrum intravenous antibiotics 
should be hung on admission as the patient is prepped 
for operation. If extensive intraabdominal bleeding is 
occurring, laparotomy should be done as early as pos-
sible. Exploration must be thorough, and all perfora-
tions must be closed. Diversion of the fecal stream is 
often advised when there has been peritoneal soiling. 
In extensive damage, resection is necessary. In addition 
to customary preoperative and postoperative measures, 
oxygen, continuous gastroduodenal suction, multiple 
drains, and broad-spectrum antibiotic therapy are 
essential.

Blunt and immersion or “underwater” blast injuries 
of the abdomen are challenging. Blast-related injuries 
occur from one of four mechanisms. Primary blast inju-
ries are caused when the blast wave propagates from the 
detonation center through the victim, causing damage 
to predominantly air-filled organs; the small intestine is 
the visceral organ most commonly injured. Effects of 
the blast wave are far more pronounced than in a closed 
space because instead of dissipating, the wave may be 
enhanced as it reflects and reverberates off surfaces. In 
immersion or “underwater” injury, underwater explo-
sions produce waves; the soft abdominal organs and, to 
some extent, intrathoracic organs suffer the most 
damage. The severity of the impact or size of the 
charge, distance from the explosion, amount of gas in 
the hollow viscera, and, perhaps, position and degree of 
submersion influence the extent and type of injury. Ter-
tiary blast injuries occur when a victim is physically 
displaced or crushed by forceful air movement or a 
motor vehicle collision or is crushed by a structural 
collapse. Quaternary injuries include burns and inhala-
tion injury.

Intestinal tract injuries from blunt trauma or blasts 
consist primarily of intramural hemorrhages and perfo-
rations. The former are mostly multiple and petechial 
and involve the submucosal and subperitoneal layers of 
the small intestine, especially the lower ileum and 
cecum; therefore, the severity of the injury may be 
underestimated on examination of the peritoneal 
surface. The stomach, esophagus, colon, mesentery, 
and omentum may also be injured. Injuries vary widely 
in size and shape. Larger lesions can occur in the colon 
and, if massive, may lead to gangrene of the bowel. 
Bleeding also occurs in the loose areolar retroperitoneal 
tissue. Perforations or tears are less frequent and are 
more likely to involve the small intestine. They are 
circular or linear, with everted edges and a blown-out 
appearance. Generalized or localized peritonitis often 
appears later. Alternatively, there may be signs of frank 
perforation at the outset.

Coincident with the explosion, the patient experi-
ences a shock-like sensation, a gripping pain, a tempo-
rary paralyzing numbness of abdomen and legs, 
testicular pain, or an urge to urinate or defecate. Severe, 
sharp, and stabbing or colicky abdominal pain soon 
develops. Severe nausea, hematemesis, bloody diarrhea, 
and diffuse abdominal tenderness may develop. Rigidity 
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appears in cases with perforation, along with physical 
findings of peritoneal irritation, including guarding and 
severe rebound tenderness, which can become pro-
nounced and usually portend the presence of free air in 
the peritoneal cavity. Symptoms may subside relatively 
rapidly in the absence of perforation or pancreatitis. 
Evidence of blast injury to the lung may be present. 
Cautious observation is essential because intraabdomi-
nal hematomas can lead to perforation as late as 2 weeks 
following injury.

The prognosis depends on the extent of visceral 
injury; mortality rates in cases without intestinal perfo-
ration are probably not above 10%, whereas in cases 
with intestinal perforation, mortality rates can be over 
25%. Early deaths are due to shock and late deaths to 

peritonitis. Associated injury of the lungs increases the 
gravity of the condition. If there are clinical or radio-
graphic signs of perforation, laparotomy should be per-
formed as early as possible.

When it is fairly certain that no perforation has 
occurred, treatment is conservative and like that of 
other nonpenetrating abdominal injuries. Resuscitative 
measures must be instituted early, but plasma and blood 
transfusions should be administered cautiously in cases 
of lung injury. For the same reason, delivering effective 
general anesthesia is challenging. Prognosis depends on 
the extent of visceral injury, the time to intervention, 
and the presence of associated injuries to other organs. 
Late deaths due to peritonitis or delayed bleeding 
should be avoided.
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pHySIology of  
gaStroenterIc StomaS

Creation of a well-constructed ostomy by a highly 
skilled surgeon at the site of an anastomosis or as a 
cutaneous stoma that preserves normal digestive func-
tions can result in an excellent quality of life for a 
patient undergoing resection of portions of the diges-
tive system. Technical risks associated with the creation 
of any stoma include anastomotic leak, dehiscence, and 
stricture. The size of the anastomosis varies with the 
organs involved and the desired outcome of the proce-
dure, but it is important to note that while stricture-
related closure is always a risk, larger stomas are not 
always better. Cutaneous ostomies have an additional 
risk of prolapse, bleeding, and peristomal ulceration. 
Evaluation of ostomy function and anatomy may 
require skilled radiologic assessment with barium 
studies, CT studies, or endoscopy, or a combination of 
these studies. Endoscopic evaluation also provides the 
potential for therapeutic interventions to correct stomal 
problems, including dilatation and placement of self-
expanding stents.

Esophagogastrostomy is one of the most challenging 
of surgical anastomoses. The position of the distal 
esophagus is significantly influenced by the posture of 
the patient, and a foreshortened esophagus is prone to 
dehiscence from the anastomosis if the stomach is not 
freed adequately from its position in the abdomen to be 
pulled high enough into the chest. The gastric portion 
of the anastomosis is prone to ischemia and dehiscence 
if an adequate blood supply is not provided as the 
surgeon frees up the stomach and pulls it into the chest. 
Leakage of the ostomy has a particularly high risk of 
becoming a life-threatening complication when it 
occurs in the mediastinum, where it will be adjacent to 
the vital structures of the trachea, lungs, aorta, and 
heart. For this reason, esophagogastrostomies are typi-
cally safer if adequate resection of the gastroesophageal 
junction can be performed and still permits a low anas-
tomosis or if the stomach is pulled through the medi-
astinum or retrosternally and anastomosed in the neck 
where any leak can be easily addressed.

Gastrojejunostomy is one of the most common surgi-
cal ostomies. In previous years, gastrojejunostomy was 
most commonly performed to treat recurrent peptic 
ulcer disease. Since the advent of effective medical 
therapy for peptic ulcer disease, partial gastrectomy 
with gastrojejunostomy is rarely needed. In fact, even 
when the patient has a bleeding duodenal ulcer resistant 
to endoscopic treatment, an ostomy is rarely created 
because of the risk of performing this complex surgical 
procedure in the setting of a surgical emergency proce-
dure. Instead, oversewing of the ulcer with or without 
a selective vagotomy is the procedure of choice. This 
surgery is followed by treatment of Helicobacter pylori 
and/or education as to the risk of using nonsteroidal 
antiinflammatory drugs. Gastrojejunostomies are more 
commonly performed following subtotal gastrectomy 
for gastric cancer, following gastric outlet obstruction 
from peptic ulcer–related stricture or extrinsic tumor, 
or as part of an obesity bypass procedure.

Subtotal gastrectomy and anastomosis of the proxi-
mal stomach to the jejunum eliminates or severely 
impairs several important functions of the stomach and 
proximal duodenum, resulting in severe impairment of 
normal digestive functions. The benefit of the adaptive 
capacitance of the fundus and gastric body, as well as 
receptive relaxation of the stomach, is lost when a sub-
total gastrectomy is performed. Although this is one of 

the goals of obesity bypass surgery, it can contribute 
significantly to further weight loss in a patient recover-
ing from gastric cancer surgery. The size of the residual 
stomach is therefore an important influence on the size 
of a meal that the patient can tolerate following partial 
gastrectomy.

With resection of the distal stomach, gastric peristalsis 
can no longer triturate food into particles smaller than 
4 mm (which it had easily been able to do for most 
foods). If food is swallowed with minimal mastication, 

Gastrojejunostomy (patent pylorus)

Ileotransversostomy with resection Ileotransversostomy in continuity (bypass)

Gastrojejunostomy (stenotic pylorus)

Gastric juice
may act on
susceptible
jejunum

Irritation,
ulcer

Stenotic
pylorus

Stasis in
antrum

Stoma 
too small

Stoma 
too large

Jejunal 
distention

Dumping
syndrome

Hypersecretion

Gastric acid
acts on
jejunum
predisposing
to ulcer

Long
afferent
loop

Decreases
neutralizing
effects of
duodenal
secretions,
increases
susceptibility
to ulcer,
decreases
hormonal
effects          

Delayed
gastric
emptying

Loss of
storage
capacity

Loss of
ileocecal
sphincter

Loss of
terminal ileum

Unregulated
entry of ileal
content
into colon

Loss of
absorptive
capacity

Loss of
storage
capacity

Increased fluidity of colonic content Diarrhea

May act as
sequestered loop

Preservation of
storage and
absorptive functions 

Impaired vitamin B12
absorption

Loss of
absorptive
capacity

Loss of portion of colon

Increased bulk and
irritating property
of colonic content

Preferential emptying
may be by way of
patent pylorus

Gastric
irritation,
nausea
and
vomiting

Entry of
duodenal
content 
into
stomach

Plate 1-25 

the residual stomach is prone to develop bezoars unless 
the anastomosis is large. When distal gastrectomy leads 
to loss of the pylorus, indiscriminate gastric emptying 
develops. Loss of the sieving function of the pylorus 
permits solid material to enter the jejunum. Larger 
materials have much less surface area on which digestive 
enzymes can act to reduce them to basic molecules for 
absorption. Loss of the regulatory functions of the 
pylorus and duodenum also results in adverse effects 
from rapid emptying of liquid gastric contents. A 
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common complication of gastrojejunostomy is the 
development of a peptic ulcer distal to the anastomosis. 
This occurs for three reasons: (1) there is rapid emptying 
of gastric fluids with high concentrations of acid; (2) the 
jejunal mucosa is more susceptible to injury by gastric 
juice than is the duodenal mucosa; and (3) alkaline bile 
juice refluxing into the stomach can increase acid secre-
tion. Emptying of the gastric contents directly into the 
jejunum, besides predisposing to jejunal ulcer, as men-
tioned above, may also lead to the postprandial syn-
drome of abdominal distress, sweating, weakness, and 
syncope resulting from jejunal distention known as the 
dumping syndrome. A host of other complications are well 
documented from the loss of hormonal and neural regu-
lation of digestion by the duodenum. Positioning of the 
gastrojejunostomy below the point at which the proxi-
mal duodenum remains connected to the sphincter of 
Oddi also has associated risks; this results in a blind loop 
and multiple related complications described as afferent 
and efferent loop syndromes. The general recommendation 
is to limit the length of the afferent jejunal loop.

Ileocolostomy is needed after resection of the terminal 
ileum and portions of the colon. Functional changes 
following ileocolostomy are determined by the length 
of ileum removed, the underlying disease, and the 
degree to which colonic contents reflux into the small 
intestine. Extensive resections of the colon can result in 
a diminished storage capacity of the colon, with accel-
eration of colonic passage time, diminished absorp-
tion of fluid, and corresponding reduction in consistency 
of the fecal residues. Resection of the ileum can result 
in impaired vitamin B12 absorption, decreased bile 
salt absorption leading to choleretic diarrhea, and  
loss of important ileal mucosal hormones responsible 
for regulation of small intestinal transit, known as the  
ileal brake.

When an ileocolostomy is performed for ileitis, the 
operation may consist of a side-to-side anastomosis in 
continuity or a resection with an end-to-end or end-to-
side ileocolic anastomosis. The anastomosis in continu-
ity preserves some function in the bypassed small 
intestine and colon, depending on the extent of the 
disease and the site of the anastomosis.

Permanent ileostomy is sometimes necessary for 
extensive Crohn disease or ulcerative colitis. Ileoanal 
anastomosis is preferred for severe ulcerative colitis and 
colonic polyposis syndromes but is not recommended 
for Crohn disease. If the ostomy is too narrow or stric-
tured, a dilatation may develop adjacent to the stoma. 
Other complications from a stoma include excess fluid 
losses resulting from extensive small bowel resection or 
underlying enteritis, vigorous peristaltic contractions 
that may produce a “noisy” ileostomy, and leakage 
around the ostomy that may lead to irritation of the 
peristomal skin. Satisfactory appliances and adhesive 
materials and education and care of the patient by a 
team of experts, including an expert ostomy nurse, are 
needed for a good outcome.

Colostomy is usually performed for neoplasms of the 
sigmoid colon or diverticulitis. Unlike ileal fluids that 
are always liquid, distal colonic contents may become 
inspissated. In this case, the colostomy must be irri-
gated regularly to evacuate the fecal content mechani-
cally. Keeping the fecal contents semi-liquified is 
preferred.

Anastomosis of the ileum to the anus (ileoanal anasto-
mosis) is the procedure of choice for total colectomy, 
including ulcerative colitis and diffuse polyposis of the 
colon. The aim of the procedure is to permit controlled 
defecation through the natural orifice by preserving the 
anal sphincters. Reducing fluid volumes presented to the 
rectum is achieved by creating a J-shaped ileal pouch. 
Immediately following surgery, the patient must deal with 
a high frequency of bowel movements. Diarrhea typically 

decreases over time to four to seven bowel movements 
daily, one or two of which will be at night. Leaving a  
sleeve of rectum to create an ileorectal anastomosis  
should be avoided because it will continue to provide  
a risk for recurrent colitis or cancer, depending on the 
initial indication for total colectomy. Fecal incontinence 
is a common complication, particularly during sleep, 
when volitional control of the sphincter is diminished. 
Inflammation of the J-pouch may result in pouchitis.

pHySIology of  
gaStroenterIc StomaS 
(Continued)
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left side of the body (where most of the jejunum will be 
found) and the distal limb moving to the right side of 
the body (where you will typically find the distal ileum, 
cecum, appendix, and ascending colon). During this 
process, the ileum loses its connection to the vitelline 
duct, unless it remains as a blind pouch (ileal or Meckel 
diverticulum).

The dorsal mesentery of the duodenum lays back and 
fuses with the parietal peritoneum of the posterior  
body wall to become secondarily retroperitoneal. The 

Development of  
Small InteStIne

The small intestine includes the duodenum, jejunum, 
and ileum. During development of the gastrointestinal 
system, the duodenum comes from the distal portion of 
the foregut, whereas the jejunum and ileum come 
entirely from the midgut. The duodenum moves to the 
right of the midline as the stomach rotates and shifts to 
the left side of the abdomen during weeks 4 to 6 of fetal 
life. As development proceeds, the common bile duct 
moves to the posterior side of the gut tube as the 
stomach rotates and the liver enlarges. One aspect of 
duodenal development that is clinically important is 
that during weeks 5 and 6, the epithelial lining of the 
duodenum, derived from the endoderm, proliferates to 
the point that it completely blocks the lumen of the 
duodenum. However, the lumen of the duodenum typi-
cally recanalizes so that the fetus can begin swallowing 
amniotic fluid. If the lumen of the duodenum does not 
recanalize or opens incompletely, duodenal atresia or 
stenosis will occur. As a region of gut that links the 
foregut and midgut, the duodenum is supplied by 
branches of both the celiac and superior mesenteric 
arteries. The descending and horizontal portions of the 
duodenum are the regions where this anastomosis 
occurs, and these are also the regions in which atresia 
or stenosis is most likely to be manifested.

The jejunum and ileum are, in their entirety, midgut 
structures and are supplied by branches of the superior 
mesenteric artery. As it elongates, a loop of midgut 
herniates into the umbilical cord, with the superior 
mesenteric artery extending between the loop’s proxi-
mal limb (cranial) and distal limb (caudal). The vitelline 
duct extends off the apex of the loop, connecting  
the midgut temporarily to the secondary yolk sac. The 
proximal limb of the midgut loop will become the 
jejunum and ileum, and the distal limb will become  
the terminal ileum, cecum, appendix, ascending colon, 
and transverse colon. Although it may sound as though 
the proximal and caudal portions are unbalanced, the 
jejunum and ileum elongate tremendously, creating 
many loops within the umbilicus. While in the umbili-
cus, the midgut rotates 90 degrees in a clockwise motion 
(when viewed from the perspective of the embryo) and 
also becomes elongated. This rotation moves the proxi-
mal limb to the right and the distal limb to the left side 
of the cord. During the 10th week, the midgut begins 
to return to the abdominal cavity, which has grown 
more expansive as the relative size of the liver and 
kidneys decreases. As the loop of midgut finishes 
returning to the abdomen in the 11th week, it under-
goes a further 180-degree rotation around the superior 
mesenteric artery, with the proximal limb moving to the 
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jejunum and ileum retain the posterior mesentery; it 
allows these mesenteric organs a degree of freedom 
within the abdominal cavity. Because the stomach and 
the proximal jejunum have a mesentery, the first and 
fourth portions of the duodenum may have a small 
mesentery. The morphologic changes of the midgut 
during development are largely complete at this time, 
apart from growth as the individual grows during child-
hood and adolescence. The further development of the 
large colon will be covered in the next section.
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the anterior abdominal wall and the coils of the small 
intestine. This large sheet of connective tissue, adipose 
tissue, and outer coating of the peritoneum frequently 
obscures the small intestines but can often be reflected, 
so that its free end is lifted superiorly. However, it also 
may form adhesions to the anterior and lateral abdomi-
nal wall, which would make it difficult to reflect.

Most of the coils of the jejunum lie superiorly to the 
left, whereas those forming the ileum are situated infe-
riorly to the right. Because it is suspended from the 

topography anD relatIonS 
of Small Bowel

The small intestine consists of a retroperitoneal portion, 
the duodenum, and a mesenteric portion made up  
of the coils of the jejunum and ileum. The total length of 
the mesenteric portion of the small intestine varies con-
siderably. The average for adults is roughly 5 m. The 
proximal jejunum forms approximately two fifths of the 
mesenteric portion, and the ileum forms the remaining 
three fifths. The jejunum commences at the duodenoje-
junal flexure on the left side of the second lumbar ver-
tebra or, occasionally, somewhat more cranially. The 
ileum terminates when it joins the large intestine in  
the right iliac fossa. Although the division between the 
jejunum and ileum is not grossly visible (the appearance 
of the arteries and histologic structure can be used to 
distinguish the two regions), the coils of the jejunum 
tend to be on the superior left side of the abdomen and 
those of the ileum on the inferior right side.

The duodenojejunal flexure is situated at the superi-
ormost end of the region covered by the mesentery of 
the transverse colon. It may sometimes be partially con-
cealed by the parietal line of attachment of the trans-
verse mesocolon. From the duodenojejunal flexure to 
the ileocolic junction, the line of attachment of this 
mesentery runs obliquely from superior left to inferior 
right, passing across the lumbar portion of the spine, 
aorta, inferior vena cava, right psoas major, and right 
ureter. The mesentery is formed by two layers of peri-
toneum that reflect off the posterior body wall and 
become continuous as they cover the intestinal surface. 
The space between the two layers of peritoneum is 
filled with connective tissue and adipose cells, the  
quantity of the latter varying greatly from one indi-
vidual to another. Sandwiched between the two layers 
of peritoneum and embedded in this tissue are blood 
and lymph vessels running between the intestine and 
the posterior abdominal wall, as well as nerves and 
mesenteric lymph nodes. The mesentery is only about 
15 to 20 cm in length as it attaches to the body wall, 
compared with several meters (corresponding to the 
length of the intestine) along its intestinal attachment, 
so you can conceptualize the mesentery fanning outward 
as it approaches the intestines. The existence of the 
mesentery affords the intestinal coils a wide range of 
movement.

The various portions of the large intestine form a 
horseshoe-shaped frame enclosing the coils of the  
small intestine. This frame may be overlapped anteri-
orly by the coils of the small intestine, particularly the 
descending colon on the left side. Similarly, depending 
on their filling and on their relationship with the pelvic 
organs, the coils of the small intestine may extend infe-
riorly into the true pelvis or, if the pelvic organs are 
greatly distended (e.g., in pregnancy), may be displaced 
superiorly.

Greatly varying in shape and highly mobile, the 
greater omentum hangs down apronlike from the 
greater curvature of the stomach and spreads between 
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body wall by a mesentery, the small intestine is capable 
of considerable movement, and its individual coils vary 
greatly in position. This is true between individuals and 
even in one and the same subject at different times, 
depending on the state of intestinal filling and peristal-
sis and the position of the body. The only portion that, 
in line with its progressively shortened mesentery, has 
a more or less constant position is the terminal ileum, 
which passes to the right, across the right psoas major 
muscle, to the site of the ileocolic junction.
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Structure of Small InteStIne

The freely mobile portion of the small intestine, which 
is attached to the mesentery, extends from the duode-
nojejunal flexure to the ileocolic orifice, where the small 
intestine joins the large intestine. This portion of the 
small intestine consists of the jejunum and the ileum. 
They run imperceptibly into each other, the transition 
being marked by a gradual change in the diameter of 
the lumen and by several structural alterations.

The walls of the jejunum and ileum are virtually 
identical in structure but have slight modifications that 
make them histologically distinct. Like the rest of the 
gastrointestinal tract, the jejunum and the ileum each 
has four layers: the mucosa, submucosa, muscularis externa, 
and serosa. The innermost layer, the mucosa, is thickly 
plicated by macroscopically visible circular folds (plicae 
circulares, Kerckring folds). These folds vary in height, 
projecting into the lumen by 3 to 10 mm. Some of these 
plicae extend all the way around the internal circumfer-
ence, some of them extend only halfway or two thirds 
of the way around the circle, and still others spiral 
around the circle twice or even more times. The circu-
lar folds projecting into the lumen slow down the pro-
gression of the luminal contents to a slight degree, but 
their most important function is to increase the absorp-
tive surface area of the intestinal lumen. The visible 
increase in surface area created by the circular folds is 
mirrored on the microscopic level by tiny fingerlike 
projections, intestinal villi.

In fact, the entire mucosal surface of the small intes-
tine, over and between the circular folds, is covered 
with intestinal villi, projections that are 0.5 to 1.5 mm 
long (just barely visible to the naked eye). The mass of 
these villi (estimated at 4 million altogether in the 
jejunum and ileum) accounts for the velvety appearance 
of the mucosa. They are somewhat longer and broader 
in the jejunum than they are in the ileum. The valleys 
or indentations between the villi form nonramified pits, 
each of which harbors tubular structures, the intestinal 
glands (crypts of Lieberkühn). Along the villi, the entire 
inner surface of the small intestine is covered by a single 
layer of epithelial cells, the majority of which are entero-
cytes, highly prismatic columnar cells with a surface 
covered by microvilli, microscopic projections from 
these cells’ apical surfaces. Between these columnar 
cells are interspersed three other types of cells: goblet 
cells, Paneth cells, and enteroendocrine cells. The goblet 
cells secrete an alkaline, mucous fluid that coats the 
whole mucosa. Most goblet cells are found lining the 
crypts or along the lower parts of the villi, but a con-
siderable number of them are located near the apex of 
the villi, where they seem to be squeezed between 
neighboring enterocytes. The Paneth cells are found 
almost exclusively near the base of the glands. They are 
easily identified histologically due to the eosinophilic 
granules they contain. Paneth cells are primarily 
involved in moderating the bacterial normal flora of the 
small intestine. They do so by secreting the antimicro-
bial enzyme lysozyme, as well as α-defensins. They are 
able to phagocytose bacteria and other invaders within 
the intestinal lumen. Lastly, the enteroendocrine cells 
(argentaffin cells, yellow cells, cells of Schmidt or of 
Kultschitzky) contain basal-staining granules with a 
high affinity for silver and chromium. These cells are 
typically found at the bottom of intestinal glands but 
can migrate upward. They regulate the activity of the 
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digestive system by releasing hormones such as chole-
cystokinin (stimulates secretion of the gallbladder and 
pancreas and inhibits gastric emptying), secretin  
(stimulates pancreatic secretion and inhibits gastric 
secretion), motilin (stimulates peristalsis), and gastric 
inhibitory peptide (stimulates insulin secretion and 
inhibits gastric secretion) into the bloodstream. Entero-
endocrine cells in the small intestine may also secrete 
somatostatin (inhibits release of gastrin and gastric 

secretion) and histamine (stimulates gastric secretion 
from parietal cells) in a paracrine fashion, affecting 
nearby tissues. Lymphocytes, eosinophils, neutrophils, 
macrophages, mast cells, and plasma cells are also 
sometimes seen in the epithelial lining of the small 
intestine, but these have generally migrated from the 
underlying layer of the mucosa, the lamina propria.

The lamina propria lies deep to the epithelial surface 
of the mucosa, but it extends into both the circular folds 
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and intestinal villi, forming the core of each villus. This 
diffuse reticular connective tissue allows for the easy 
diffusion of nutrients and gasses to and from the epi-
thelial lining of the intestine. The lamina propria fre-
quently assumes a lymphatic character owing to the 
large number of lymphocytes that migrate through it. 
The lamina propria also contains thin fibers of smooth 
muscle that radiate from the muscularis mucosae and 
extend upward to the tips of the villi. When these fibers 
are relaxed, the villi have a smooth surface, whereas 
they become jagged or indented when the fibers con-
tract. These muscular fibrils are assumed to act as 
motors that maintain the pumping function of the villi. 
At the core of each villus is a lymphatic vessel, the 
central lacteal, which transports fat-soluble substances 
and lymph to the cisterna chyli and from there to the 
venous circulation. The muscularis mucosae, which sepa-
rates the lamina propria from the submucosa, is com-
posed of two thin layers of smooth muscle, which keep 
the movable mucosal layer in place. The outer longitu-
dinal layer is thinner than the inner circular layer, from 
which the muscular fibers in the core of the villi, men-
tioned above, emanate.

The submucosa is a relatively stout layer that is located 
deep to the mucosa. It is made up of type I collagen 
bundles forming dense, irregular connective tissue. By 
altering the angles of its meshes, this submucosal 
network is able to adapt itself to changes in the diameter 
and length of the intestinal lumen. The submucosa con-
tains a rich network of arteries, veins, and lymphatics 
that supply the submucosa and overlying mucosal struc-
tures. It also has a substantial network of viscerosensory 
and visceromotor axons; preganglionic parasympathetic 
axons terminating in the submucosa synapse on the 
submucosal plexus (Meissner plexus), a collection of ganglia 
(nerve cells) scattered throughout the small and large 
intestines that contribute to the enteric nervous system.

The muscularis externa is a large and powerful two-
layered coat of smooth muscle that covers the submu-
cosa. The thick inner circular layer and the thinner 
outer longitudinal layer are connected by convoluted 
transitional fascicles in the area where they border on 
each other. Between the two layers is a network of 
viscerosensory and visceromotor axons. As in the sub-
mucosa, preganglionic parasympathetic axons synapse 
with the myenteric plexus (Auerbach plexus), which are the 
ganglia located between the two layers of smooth 
muscle. The myenteric plexus and submucosal plexuses 
are major components of the enteric nervous system. 
The muscularis externa is responsible for creating the 
powerful movements of peristalsis that move intestinal 
contents progressively down the lumen, or in retro-
grade motion during vomiting.

Lining the outside surface of the small intestines is 
the final layer, the serosa (visceral peritoneum). This 
layer is composed of mesothelial cells on the surface 
that are connected to the muscularis externa by a thin 
layer of loose connective tissue. The mesothelial cells 
release fluid that lubricates the external surface of the 
small intestine and helps to prevent irritation and adhe-
sions between the intestines and other peritoneal struc-
tures. The serosa covers the entire circumference of  
the small intestines, except for a narrow strip where  
the mesentery anchors the intestines to the posterior 
body wall.

Though very similar in many ways, the jejunum and 
ileum differ in several respects. The lumen of the ileum 
is narrower and the diameter of the total wall is thinner 
than that of the jejunum. The average diameter of the 
jejunum measures 3 to 3.5 cm and that of the ileum 
2.5 cm or less. Due to this difference, the contents of 
the intestine are more visible through the wall of the 
ileum than the jejunum. Because of this, in the opera-
tive view, the jejunum typically has a whitish-red hue, 

whereas the ileum takes on a darker appearance. The 
circular folds within the lumen vary in frequency and 
height, as do the villi. They decrease in height and 
number as the small intestine approaches the cecum, 
and in the distal ileum the folds appear only 
sporadically.

In the jejunum, lymphatic tissue is encountered only 
in the form of solitary lymphoid nodules that appear as 
pinhead-sized elevations on the surface of the mucosa. 

Structure of Small InteStIne 
(Continued)
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They become more numerous and more pronounced as 
they near the large intestine. However, within the 
ileum, such nodules are very pronounced, forming 
aggregated lymphoid nodules (Peyer patches). They are 
invariably situated opposite the attachment of the mes-
entery and are generally of an elongated oval or ellip-
soid shape, their longest diameter always coinciding 
with the longitudinal axis of the intestinal lumen. Their 
average width is 1 to 1.5 cm and they vary in length 
from 2 cm up to 10 or 12 cm or, occasionally, even 
more. They differ in number from one individual to 
another, the average total fluctuating from 20 to 30. 
Another difference between the jejunum and ileum 
concerns the fat content of their mesenteries. In the 
adult, the mesentery of the ileum contains more fatty 
tissue and appears to be thicker than that of the jejunum. 
The blood vessels that supply each region also have a 
different appearance, which is described in Plates 1-1 
and 1-2.

The principal task of the gastrointestinal tract is to 
supply the body with its caloric requirements and meta-
bolic material. The structures of the entire gastrointes-
tinal tract, from the mouth to the large intestine, are 
optimized to accomplish this task. It is within the small 
intestines, especially the jejunum and ileum, where the 
majority of absorption occurs through the long row of 
epithelial cells, enterocytes, which coat the inner surface 
of the small intestine. These epithelial cells, together 
with the villi they cover, should properly be considered 
the organ of absorption. The surface area available for 
absorption is maximized in several ways. The circular 
folds of the small intestine (including the epithelial 
cells, lamina propria, muscularis mucosae, and submu-
cosal layers) increase the surface area grossly. The villi 
that project from the lumen and circular folds further 
increase the surface area available for absorption. 
Finally, the apical surfaces of the enterocytes themselves 
have a striated border, which is actually composed of 
microvilli extending from each enterocyte into the 
lumen. It has been calculated that each epithelial cell is 
provided with about 1000 microvilli, which increase the 
cellular surface approximately 24 times. The microvilli 
seem to vary only a little in size (average length, 1 
micron; width, 0.07 micron) and have a core of actin 
microfilaments extending down their length to attach 
to a network of fibrils, the terminal web, at the apical 
edges of the cells. Contraction or relaxation of this web 
can widen or narrow the space between adjacent villi.

At some time after the ingestion of a meal containing 
fat, fine lipid droplets can be observed in the intermi-
crovillous spaces; slightly later, the droplets appear in 
the area of the terminal web, where they accumulate in 
minute vesicles, which owe their existence to a pinocy-
totic activity, probably of the intermicrovillous plasma 
membrane. The droplets then can be found in the main 
body of the epithelial cell, where they coalesce to form 
larger units in vesicles or cisternae, which are connected 
with each other by intracellular tubules. The fat drop-
lets pass toward the lateral cell surfaces. From the inter-
cellular spaces, the droplets traverse the basement 
membrane and the interstitial spaces of the lamina 
propria to enter the central lacteals of the villi. The 

lacteals carry fats and fluid proximally via lymphatic 
channels that ultimately drain to the cisterna chyli, tho-
racic duct, and, finally, left subclavian vein. For this 
reason, fat-soluble substances can bypass the liver, 
which receives the substances from the lumen that are 
transported to it via the hepatic portal vein.

The nucleus of the enterocytes is typically located in 
its basal region, near the Golgi apparatus. Mitochon-
dria and other organelles of the cell body show no 
particular or specific features. To maintain a separation 

between the lumen of the intestines (which is techni-
cally outside the body) and the extracellular space 
within the body, the apical region of enterocytes and 
other cells of the intestinal epithelium are bound to 
each other by junctional complexes in the vicinity of the 
terminal web. The enterocytes are anchored to the 
underlying connective tissue of the lamina propria by 
tight junctions. This allows the enterocytes to be selec-
tive about the substances that are released into the 
lamina propria and, thereafter, the bloodstream.

Structure of Small InteStIne 
(Continued)
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or has a common origin with it. The distribution, as 
well as the caliber, of all the following intestinal 
branches of the superior mesenteric artery varies con-
siderably, and smaller branches may alternate without 
any general rule or order. An odd situation may be faced 
during gastric resection, when the right gastroomental 
artery and the first jejunal branch arise from a common 
pancreaticoduodenal trunk coming from the superior 
mesenteric artery. Closer to the small intestine itself, 

BlooD Supply of Small 
InteStIne

For the typical pattern of arterial branching of the small 
intestines, please refer to Plates 1-1 and 1-2. In this 
section, we will describe the variations concerning the 
origin, course, anastomoses, and distribution of the 
vessels supplying the small intestine. These variations 
are so frequent that conventional textbook descriptions 
are inadequate for anyone attempting procedures in the 
area. Typically, the superior mesenteric artery supplies 
almost all of the small intestine aside from the proximal 
duodenum, which receives blood from the supraduode-
nal and superior pancreaticoduodenal arteries. These arter-
ies are branches of the gastroduodenal artery, a branch of 
the common hepatic artery, which is itself a branch of the 
celiac trunk.

The distance between the celiac trunk and the supe-
rior mesenteric artery varies from 1 to 23 mm but is 
typically between 1 and 6 mm. These major vessels 
branch from the abdominal aorta; in rare cases, the 
vessels form a single massive vessel, a celiacomesenteric 
trunk, that gives off the common hepatic, splenic, left 
gastric, and superior mesenteric arteries. However, in 
some cases of celiacomesenteric trunk the left gastric 
artery is a small separate branch arising directly from 
the abdominal aorta (A). A far more frequently encoun-
tered variation (0.4% to 6% of the population,  
Kahraman and associates 2002) of these vessels is a 
hepatomesenteric trunk. This occurs when the superior 
mesenteric trunk fuses with the common hepatic, right 
hepatic, or left hepatic artery (B, C, D, and E). If the 
hepatomesenteric trunk includes the common hepatic 
artery, there will also be a gastrosplenic trunk giving rise 
to the splenic and left gastric arteries (B). If the hepa-
tomesenteric trunk gives rise to a right hepatic artery 
(C) or an accessory right hepatic artery (D and E), there 
will be either an incomplete celiac trunk or a complete 
celiac trunk contributing the remaining hepatic vessels 
(C and D). The cystic artery may arise from either  
the right hepatic artery or accessory right hepatic artery 
(C, D, and E).

Variations that are even less frequent have been 
described. A splenomesenteric trunk develops when the 
superior mesenteric and splenic arteries arise from a 
common trunk (F). In such cases, there will be a sepa-
rate hepatogastric trunk branching into common hepatic 
and left gastric arteries. If the superior mesenteric, 
splenic, and common hepatic arteries come from a 
common trunk of the abdominal aorta (G), the result is 
a hepatosplenomesenteric trunk, with a separate left gastric 
artery arising from the aorta or from the left inferior 
phrenic artery, creating a gastrophrenic trunk. Occasion-
ally, the right gastroomental artery may branch from the 
superior mesenteric artery (H) instead of taking its 
normal departure from the gastroduodenal artery.

The first jejunal branch of superior mesenteric origin 
may be very large (6 mm in diameter), but in many 
instances, it is very small (1 to 2 mm) and forms anas-
tomoses with the inferior pancreaticoduodenal artery 
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small (4- to 6-cm) segments may be vascularized by 
straight arteries derived from a separate anterior and 
posterior arcade, each serving the anterior and poste-
rior surface of the same region of the gut. Though 
numerous other examples of variations concerning the 
origin and communication of the first jejunal branches 
could be enumerated, those cited seem sufficient to 
justify the requirement of a careful inspection of these 
vessels while operating in this region.
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From the superior mesenteric nodes and the celiac 
nodes, lymphatic fluid passes through the short intesti-
nal or gastrointestinal lymph trunk, which is sometimes 
divided into several smaller parallel trunks, and enters 
the cisterna chyli, a saclike expansion at the beginning 
of the thoracic duct. The intestinal trunk drains not only 
the whole of the small intestine but also all organs, the 
lymph of which is collected in the celiac and superior 
mesenteric lymph nodes (especially the stomach, liver, 
pancreas, and extensive portions of the large intestine). 

lymph DraInage of  
Small InteStIne

The lymph vessels of the small intestine begin with the 
central lacteals of the villi. At the base of the villi, each 
central lacteal joins with lymph capillaries, draining the 
nearby intestinal crypts. These lymph capillaries form 
a fine network within the lamina propria, in which the 
first lymphatic valves are already encountered. Many 
minute branches emerge from this network, penetrat-
ing through the muscularis mucosae into the submu-
cosa, which hosts a sizable network of lymphatic vessels. 
The vessels of this network have conspicuous valves 
that prevent retrograde motion of the lymphatic fluid 
once it is inside the vessels. Progressively larger lymph 
vessels, receiving additional lymph from the layers of 
the muscularis mucosae and from the serosa and subse-
rosa, pass toward the attachment of the mesentery to 
the small intestine. Within the mesentery, the lymph 
vessels travel alongside arteries and veins. These larger 
lymph vessels have been referred to as chyliferous 
vessels or lacteals because they transport emulsified fat 
absorbed from the intestines and appear as milky-white 
threads after the ingestion of fat-containing food. 
Lymph fluid traveling through these vessels encounters 
several juxtaintestinal (within the mesentery, alongside 
the intestines) superior mesenteric lymph nodes, which 
number some 100 to 200 and constitute the largest 
aggregate of lymph nodes in the body. They increase in 
number and size toward the root of the mesentery. In 
the root of the mesentery, larger lymphatic branches are 
situated, which lead into the central group of superior 
mesenteric nodes in the area where the superior mesen-
teric artery arises from the aorta.

The proximal duodenum and nearby pancreas receive 
blood from branches of the celiac trunk; its distal sec-
tions are supplied by the superior mesenteric artery; 
lymphatic drainage from the duodenum can pass to 
either celiac or superior mesenteric lymph nodes. Lym-
phatic fluid from the duodenum and the nearby pan-
creatic head pass fluid to lymph nodes lying inferior, 
superior, and posterior to the head of the pancreas. The 
inferior nodes are the already-encountered central 
group of superior mesenteric nodes. The superior 
group of lymph nodes is known as the subpyloric and 
right suprapancreatic nodes, and the posterior group is 
known as the retropancreatic nodes. Lymphatic fluid 
from the latter two groups of nodes drains parallel  
to branches of the celiac trunk to reach the celiac  
lymph nodes.
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The cisterna chyli also receives much of the lymphatic 
fluid drained from the lower limbs, pelvic organs, and 
hindgut organs. From the cisterna chyli, lymph drains 
superiorly through the thoracic duct. This large lym-
phatic vessel has prominent valves in its wall and is 
found in the posterior mediastinum between the aorta 
and esophagus. It travels posterior to the arch of the 
aorta to ultimately drain the lymphatic fluid into the 
venous system at the left subclavian vein near its junc-
tion with the left internal jugular vein.
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migratory motor complex, but they propagate on 
average half the distance of phase III pressure waves. 
Most postprandial pressure waves propagate less than 
2 cm and serve to mix and grind nutrient chyme. Flow 
rates during this period are highly variable and rely  
on caloric content and the nature of the meal. In addi-
tion, the enteric nerves, hormonal function, and level 
of paracrine mediators, including gastrin, cholecystoki-
nin, neurotensin, peptide YY, pancreatic polypeptide, 
and motilin play a role.

motIlIty of Small InteStIne

The digestive status (fed versus fasting) is a key com-
ponent of small bowel motility. Fasting small intestinal 
motility follows four cyclic phases, referred to as the 
migratory motor complex. The migratory motor complex 
consists of waves of electrical activity that sweep 
through the intestine every 90 to 120 minutes. In addi-
tion to facilitating the transport of indigestible sub-
stances from the stomach to the colon, the migratory 
motor complex also transports bacteria from the small 
intestine to the large intestine and inhibits the reflux of 
colonic bacteria to the terminal ileum. It has thereby 
been termed the “intestinal housekeeper.”

Phase I of the migratory motor complex lasts 5 to 20 
minutes and is characterized by a prolonged period of 
quiescence. Phase II lasts 10 to 40 minutes and is 
defined by an increased frequency of random contrac-
tions. Phase III lasts 3 to 6 minutes and is characterized 
by bursts of prolonged high-amplitude contractions. In 
phase IV, there is a rapid decrease in contractions. In 
the duodenum, phase III contractions have a frequency 
of 1 to 12 contractions per minute and last for at least 
3 minutes. The velocity progressively decreases from 
the proximal duodenum to the distal jejunum. Altera-
tions in the migratory motor complex have been  
implicated in small intestinal bacterial overgrowth,  
IBS, functional dyspepsia, gastroparesis, Chagas disease, 
intestinal pseudoobstruction, obesity, anorexia nervosa, 
and aging.

The postprandial phase is defined as the time from 
meal intake until the return of phase III of the migra-
tory motor complex. When nutrients enter the small 
bowel, transit is initially rapid and chyme is distributed 
throughout the bowel. During digestion, transit slows 
down to promote absorption by increasing contact time 
of the chyme with the small bowel wall. Pressure waves 
after a meal are similar to those occurring during the 
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MOTILITY AND DYSMOTILITY OF SMALL INTESTINE

The stationary pressure waves of the postprandial 
period favor absorption, as does phase I of the migra-
tory motor complex. The stationary pressure waves 
work in two ways: (1) by stirring intestinal contents and 
(2) by providing propulsive pressure waves to spread 
and expose the chyme to a larger absorptive surface. 
This type of activity is also referred to as rhythmic 
segmentation. Intestinal peristalsis is generated by the 
contraction of the muscularis propria, made up of  
outer longitudinal and inner circular layers, forming a 
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and partly because the end of the ileum, being wedged 
into the wall of the colon, seems to function, in some 
individuals, in the manner of a flutter valve. The ileoce-
cal junction functions as a true sphincter, meaning that 
it regulates the flow of material from the ileum to the 
cecum, as well as preventing its retrograde passage. 
Thus the contact of the intestinal contents with the 
terminal ileal mucosa is prolonged, favoring maximal 

continuous tube that lengthens, shortens, twists, and 
constricts so that the enclosed contents are constantly 
agitated and propelled. A meal generally traverses the 
small bowel in approximately 5 hours, a period that is 
shortened by the intake of another meal.

The initiation and cycling of the migratory motor 
complex is under the control of the enteric nervous 
system. Smooth muscle cells of the gastrointestinal 
tract undergo periodic depolarization of their mem-
brane potential. These are called slow waves, and they 
are generated by the interstitial cells of Cajal, which act 
as pacemakers and produce spontaneous electrical slow 
waves with a frequency of 12 per minute in the duode-
num and 10 per minute in the ileum. A contraction is 
achieved when a slow wave occurs at the same time that 
an excitatory neurotransmitter is released from a motor 
neuron of the enteric nervous system.

Motility studies (manometry) and transit studies are 
used to investigate small bowel motor physiology. 
Manometry studies are conducted using a catheter that 
measures intraluminal pressure induced by smooth 
muscle contractions. Transit studies include hydrogen 
breath testing, small bowel scintigraphy, and wireless 
motility capsule testing. The wireless motility capsule 
measures transit time, pressure, pH, and temperature 
from the mouth to the anus. It correlates well with 
scintigraphy. Patients can resume normal daily activities 
while data are being collected by the capsule. It also 
eliminates radiation exposure and provides a complete 
transit profile of the gastrointestinal tract.

The junction of the small intestine with the colon is 
sometimes referred to as the ileocecal valve partly because 
of its structural appearance in some anatomic specimens 
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intestinal absorption. The sphincter opens when a peri-
staltic wave, passing along the terminal ileum, builds up 
enough pressure to overcome the resistance of the 
sphincter. The cecum at first manifests receptive relax-
ation. Increasing pressure in the cecum, either by over-
distention or by a peristaltic contraction, causes a reflex 
contraction of the sphincter, preventing overfilling of 
the cecum and cecoileal reflux.

motIlIty of Small InteStIne 
(Continued)
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the regulation of food intake and satiety, acting mainly 
via the Y2 receptors in the hypothalamus.

Pancreatic polypeptide is secreted by specialized pan-
creatic islet cells and inhibits gallbladder contraction 
and pancreatic exocrine secretion. It may influence food 
intake, energy metabolism, and the expression of gastric 
ghrelin and hypothalamic peptides. Neuropeptide Y is 
a neurotransmitter predominantly found in sympathetic 
neurons and is the most potent known stimulant of food 
intake.

gaStroInteStInal hormoneS

The epithelium of the gastrointestinal tract contains 
multiple cell types, including specialized cells termed 
enteroendocrine cells that number less than 1% of the cell 
population and yet form the largest endocrine system 
of the body. Enteroendocrine cells synthesize, store, 
and release chemical transmitters that are involved in 
gastrointestinal motility, secretion, and absorption and 
in regulation of appetite. These transmitters are  
predominantly small polypeptides that are also found  
in the enteric nervous system and the central nervous 
system. There are more than 30 gut peptide hormone 
genes identified, which express more than 100  
bioactive peptides. They are grouped into “families” 
according to their primary structure. In this section, the 
pancreatic polypeptide family will be discussed.

Peptide YY is one of the gut peptides that belongs to 
the pancreatic polypeptide family of peptides, which 
also includes pancreatic polypeptide and neuropeptide 
Y. Despite sharing structural similarities and the same 
36 amino acid lengths, the gut peptides vary in their 
biologic functions and locations. Peptide YY, neuro-
peptide Y, and pancreatic polypeptide bind to a family 
of G-protein–linked receptors (called Y receptors). At 
present, five receptor subtypes have been identified.

Peptide YY is secreted from L cells in the ileum and 
H cells in the colon in response to an oral nutrient load. 
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Peptide YY levels start to rise within 15 minutes of any 
caloric ingestion, long before the nutrients themselves 
reach the distal gut, implying that other neural or hor-
monal mechanisms are involved in its release. The 
actions of peptide YY are largely inhibitory. It inhibits 
gastrointestinal motility, pancreatic and gastric secre-
tion, and chloride secretion, causing a delay in intestinal 
transit, or the so-called ileal brake. This allows for a 
longer contact time between nutrients and the small 
intestine. Peptide YY is also believed to be involved in 
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BLOATING

Bloating is a sensation of abdominal fullness and is 
often attributed by patients to excessive gas in the intes-
tine. It can be a sign of intolerance to lactose or of  
the presence of small intestinal bacterial overgrowth; 
however, many patients with bloating often have no 
clearly identifiable abnormality.

pathophySIology of  
Small InteStIne

The most important functions of the small intestine are 
digestion and absorption of nutrients. They are achieved 
by an interaction between intact small bowel motility 
and gastrointestinal hormones. Clinically recognizable 
disturbances of small bowel function arise mainly from 
alterations in the motor activities or interference with 
digestion and absorption.

ABDOMINAL PAIN

Abdominal pain is a common manifestation of several 
processes involving the small intestine. The pain is 
often located in the midabdomen (periumbilical region) 
but can also be diffuse across the abdomen. Progressive 
small bowel distention with or without obstruction 
causes colicky pain in the early stages, which later 
becomes constant and unrelenting. Invasive bacteria 
such as Yersinia can invade the terminal ileum, causing 
severe pain and tenderness mimicking acute appendici-
tis. Severe postprandial pain that incites fear of eating 
(sitophobia) is diagnostic of mesenteric ischemia, espe-
cially when it is accompanied by weight loss in an  
atherosclerotic patient. Crohn disease frequently 
involves the distal small bowel, with deep transmural 
ulceration and crampy abdominal pain in the right 
lower quadrant.

NAUSEA AND VOMITING

Distention or irritation of the small bowel tends to 
provoke nausea and vomiting. The second portion of 
the duodenum is so sensitive in this respect that it has 
been termed the “organ of nausea.” Small intestinal 
obstruction from any source invariably causes vomiting. 
Luminal blockage by tumors, intussusception, stric-
tures from Crohn disease, adhesions or other complica-
tions of irradiation or extrinsic processes, internal 
herniation, or impingement by vascular structures (e.g., 
superior mesenteric artery) all present with varying 
degrees of vomiting. Enteric infections with viruses 
such as norovirus or bacteria such as Staphylococcus 
aureus often cause vomiting, by elaborating enterotox-
ins that cause visceral irritation and induction of ileus.

DIARRHEA

Acute profuse watery diarrhea is often infectious in 
etiology and resolves within 3 to 4 weeks. Chronic diar-
rhea that lasts more than 4 weeks has a broad differen-
tial diagnosis and includes secretory causes such as 
ingestion of drugs or toxins, neuroendocrine tumors, 
and bile acid malabsorption (choleric diarrhea). Diar-
rhea accompanied by weight loss is common in bowel 
resection or mucosal diseases such as inflammatory 
bowel disease (Crohn ileitis), celiac disease (gluten-
sensitive enteropathy), and abetalipoproteinemia. 
Infectious diseases can also target the small bowel, as in 
Whipple disease, Mycobacterium avium-intracellulare 
infection, and giardiasis.
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DYSMOTILITY

Disordered small bowel motility, or dysmotility, may be 
idiopathic, inherited as a familial visceral myopathy or 
neuropathy, result from systemic disease or infection, 
or occur as a paraneoplastic consequence of malignancy. 
Mild forms of intestinal dysmotility may be asymptom-
atic; symptomatic disease can range from mild discom-
fort to bowel obstruction.



 Small Bowel

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS 43

carbohydrates reaching the colon are fermented by the 
colonic microflora, leading to an increase in gases, spe-
cifically hydrogen, carbon dioxide, and methane, that 
can be measured in the breath. Specific forms of carbo-
hydrate malabsorption (e.g., lactose, fructose, sucrose, 
sorbitol, and others) can be diagnosed with these tests. 
The D-xylose test is a measure of the absorptive capac-
ity of the proximal small bowel. The test is performed 
by measuring D-xylose levels in venous blood and urine 
after oral administration of a 25-g dose of D-xylose. 
Low blood levels and urinary excretion suggest mucosal 
disease such as celiac disease; however, levels are normal 
in pancreatic insufficiency because pancreatic enzymes 
are not required for the absorption of D-xylose.

teStS for Small  
Bowel functIon

TESTS OF INTESTINAL MOTILITY

Small bowel manometry, also known antroduodenal manom-
etry, is a procedure that assesses small bowel motility. It 
involves placing a long tube with pressure sensors into 
the small intestine past the stomach. These sensors are 
able to measure intraluminal pressure induced by smooth 
muscle contractions. The test generally takes 6 hours, 
with the patient fasting during the first 4 hours; the 
patient then eats a standard meal, and a postprandial 
recording is made during the next 2 hours.

The wireless motility capsule system or SmartPill Motil-
ity Monitoring system is a useful diagnostic tool that can 
be used to assess gut transit time. The system consists 
of a wireless ingestible motility capsule that the patient 
swallows, a portable data receiver worn by the patient 
for acquiring data, and data analysis software. It senses 
pH, temperature, and pressure, and the data can be 
reviewed in real time or after study completion. The 
small bowel transit time is defined as the time interval 
between capsule entry into the small bowel and its entry 
into the cecum. Delayed small intestinal transit is deter-
mined when transit times exceed 6 hours (range, 2 to 6 
hours), based on 95% cutoff values from control studies.

Small bowel scintigraphy provides valuable physiologic 
and quantitative information and allows the assessment 
of the orocecal transit time. The test involves ingestion 
of either a liquid or solid material labeled with 111indium 
or 99mtechnetium and obtaining of sequential scans over 
several hours. The small bowel transit time can be cal-
culated as the time for 10% or 50% of the activity to 
arrive at the terminal ileum or cecum after correcting 
for gastric emptying. A more specific measure of duo-
denocecal transit involves the use of a 99mtechnetium-
hepatobiliary iminodiacetic acid intravenous tracer, 
which is taken up by the liver and excreted in the bile 
directly into the duodenum; this avoids the influence of 
gastric emptying on scintigraphic measurement of small 
bowel transit; there is limited published information 
regarding this technique, however.

TESTS OF ABSORPTION

Nutrient absorption occurs in the small intestine, and, 
consequently, disorders of the small intestine commonly 
cause malabsorption. The gold standard test of fat malab-
sorption (steatorrhea) is the quantitative 72-hour fecal fat 
determination, which requires stool collection for 3 to 5 
days while the patient consumes a high-fat diet (usually, 
100 g/day). Stool fat analysis is performed via the tradi-
tional van de Kamer method; an alternative, less cumber-
some method, near-infrared reflectance analysis, is also 
available. The latter has excellent correlation with the van 
de Kamer method and allows for simultaneous measure-
ment of fecal fat, nitrogen, and carbohydrates in a single 
sample. Daily fecal fat excretion in healthy individuals is 
usually less than 6 g/day, but values up to 14 g/day can be 
seen with diarrhea. Qualitative tests that can be performed 
on a spot sample of stool are also available and include the 
Sudan III stain test and the acid steatocrit test. If properly 
performed, these tests can detect more than 90% of 
patients with clinically significant steatorrhea; however, 
they cannot replace the 72-hour stool collection.

Carbohydrate absorption can be assessed by a  
blood test such as the lactose tolerance test, where 
blood glucose levels are monitored after oral adminis-
tration of a 50-g test dose of lactose or by breath tests. 
Breath tests are based on the fact that unabsorbed 
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The classic test for quantifying protein malabsorp-
tion, measurement of fecal nitrogen content in a  
quantitatively collected stool specimen, is rarely used. 
Enteral protein loss can be established by determining 
the clearance of alpha-1 antitrypsin from plasma. 
Alpha-1 antitrypsin is a protein synthesized in the liver 
and has a molecular weight similar to that of albumin. 
It is neither actively secreted nor absorbed in the intes-
tine and resists proteolysis; therefore, it is excreted in 
the stool while still intact. A blood sample and a 24-hour 
stool collection are required to measure alpha-1 anti-
trypsin clearance. The presence of an elevated alpha-1 
antitrypsin level above the normal values is diagnostic; 
however, diarrhea can interfere with the test, and if a 
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telescoping of the intestine onto the overtube. Although 
these techniques are arduous and time consuming, 
examination of the entire small bowel is possible with 
their use. Intraoperative enteroscopy is often necessary in 
cases of obscure gastrointestinal bleeding; endoscopic 
evaluation is performed through enterotomies created 
during laparotomy. Video capsule endoscopy is a safe and 
noninvasive wireless endoscopic technique that allows 
examination of the entire small bowel. The procedure 
usually requires a modified bowel preparation after 
which the video capsule, measuring 11 by 26 mm, is 
swallowed with water. Following ingestion, the capsule 

gastric source of the protein is suspected, the test 
should be performed while the patient is receiving anti-
secretory therapy.

RADIOLOGIC TESTS

Plain abdominal radiography is usually the first-line 
imaging study obtained when intestinal obstruction is 
suspected. Typical findings include dilated bowel loops 
with or without air-fluid levels. Thickened small bowel 
walls can sometimes be demonstrated on plain x-rays; 
contrast is usually necessary to enhance the luminal 
processes, however. Barium examination of the small 
bowel allows good mucosal detail and can provide 
useful information on luminal irregularities or narrow-
ing as seen in Crohn disease. Small intestinal divertic-
uli, fistulae, and mural or intraluminal filling defects can 
also be visualized with these studies. Small bowel 
barium studies can be performed via two methods. In a 
small bowel follow-through, the patient drinks a barium 
suspension and films are taken every 20 to 30 minutes 
until the barium reaches the terminal ileum. A small 
bowel enteroclysis requires nasojejunal intubation with a 
10 Fr catheter and infusion of barium suspension to 
achieve optimal small bowel distention. Spot films of 
the small bowel with compression views to separate 
small bowel loops and visualize the terminal ileum are 
taken. Conventional computed tomography (CT) scans 
of the abdomen and pelvis lack the mucosal detail of 
small bowel barium studies but are able to identify small 
bowel wall thickening and associated extraluminal dis-
eases such as fat wrapping, fistulae, abscess formation, 
lymphadenopathy, or local and metastatic tumor spread 
from small bowel neoplasms. CT enterography and CT 
enteroclysis permit viewing of enhanced bowel wall and 
mucosal abnormalities and combine luminal imaging 
with an examination of extraintestinal disease. These 
tests use large volumes of enteral contrasts, 1500 to 
2000 mL; either a positive enteral contrast agent 
without an intravenous contrast agent or a neutral 
enteral contrast agent with an intravenous contrast 
agent is used. Limitations of CT enterography are rep-
resented by poor toleration of the high volume of 
enteral contrast material and by the high radiation dose 
involved. Magnetic resonance imaging (MRI) offers 
excellent soft tissue resolution with no ionizing radia-
tion, which makes it a very attractive choice for imaging 
the small bowel, especially in inflammatory bowel 
disease. Two major techniques are used to achieve 
bowel distention using magnetic resonance: magnetic 
resonance enteroclysis with infusion of the contrast 
through a nasojejunal tube and magnetic resonance 
enterography with oral contrast administration.

ENDOSCOPIC TESTS

Esophagogastroduodenoscopy (EGD) is the first-line endo-
scopic procedure performed for most upper gastroin-
testinal disorders. It involves insertion of a fiberoptic 
endoscope through the mouth past the esophagus and 
stomach and into the duodenum. Push enteroscopy 
requires a longer endoscope that can reach the jejunum. 
Single-balloon or double-balloon enteroscopy allows for 
more extensive examination of the small bowel and also 
for therapeutic procedures. A flexible overtube with a 
balloon and a pump controller allows deep advance-
ment of the endoscope by using a push-and-pull method 
with inflation and deflation of the balloon and 
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Capsule endoscopic images of bleeding AVM (A) and jejunal polyp (B).

Enteroscopic images of postablation of a
bleeding AVM (A) and normal jejunum (B).

travels past the stomach, obtains images of the small 
intestine, and transmits them via radiofrequency waves 
to a recording device. The images are downloaded and 
viewed at a computer workstation; however, real-time 
viewing is also possible. For patients who are not able 
to swallow or those with known gastroparesis, the 
capsule can be deployed directly into the duodenum via 
an EGD. Video capsule endoscopy is useful for evaluat-
ing obscure gastrointestinal bleeding in adults, small 
bowel Crohn disease, or small bowel tumors and has 
been shown to be superior to small bowel follow-
through in detecting mucosal lesions.

teStS for Small Bowel 
functIon (Continued)



 Small Bowel

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS 45

obstruction in the higher parts of the small intestine. 
Differentiation between the shadows of the small and 
large intestines is often difficult to make, because of  
an underdeveloped state of the circular folds of the 
jejunum as well as of the colonic haustrations. For this 
reason, the point of obstruction in an infant is com-
monly assumed to be lower than it actually is. Total 
absence of air in the abdomen is indicative of esopha-
geal atresia without tracheoesophageal communication. 
Other obstructive lesions in the alimentary tract are, as 

congenItal InteStInal 
oBStructIon: InteStInal 
atreSIa, malrotatIon of 
colon, volvuluS of mIDgut

Intestinal obstruction in newborn infants is caused by a 
variety of congenital anomalies, and prompt diagnosis 
and treatment can be life-saving. The causes of such 
intestinal obstructions may be atresia of the esophagus, 
diaphragmatic hernia, annular pancreas, malrotation of 
the colon with volvulus of the midgut, peritoneal bands 
mostly compressing the duodenum, internal or mesen-
tericoparietal herniations, meconium ileus, aganglionic 
megacolon, imperforate anus, and atresia or congenital 
stenosis of the bowel.

Atresia refers to the complete congenital obstruction 
of the lumen of a hollow viscus, and stenosis refers to 
luminal narrowing of varying degrees. The most 
common site of intestinal atresia is the small bowel, 
particularly the jejunum and ileum; the colon is least 
commonly affected. Intestinal atresia results from an 
interruption in the normal development of the gastroin-
testinal tract, commonly during the second and third 
months of fetal life. In the proximal small bowel, this is 
often caused by failure of the intestine to recanalize. As 
the intestine changes from a solid structure to a hollow 
tube, one or more septa may persist, leaving a diaphragm 
of tissue with only a minute opening and setting up a 
stenosis. If such persisting septa leave an intact dia-
phragm across the lumen, or if, during the solid stage, 
the intestine divides to form two or more blind segments 
entirely separate from each other or connected by 
threadlike fibrous bands, atresia ensues. In the middle 
and distal small bowel, atresia often results from vascular 
disruption, leading to ischemic necrosis of the fetal 
intestine. Because the fetal bowel is sterile, the necrotic 
tissue is resorbed, leaving blind proximal and distal ends, 
often with a gap in the mesentery.

Intestinal atresia can be classified into four types 
based on the anatomic arrangement. In type 1, there is 
no discontinuity of bowel but rather obstruction of the 
lumen by a diaphragm composed of mucosa and sub-
mucosa. In type 2, the proximal and distal segments are 
connected by a short band and bowel discontinuity is 
evident. In type 3, there is complete discontinuity. Type 
4 is a combination of types 2 and 3.

The diagnosis of intestinal atresia or stenosis can be 
made with prenatal ultrasound. Findings that suggest 
intestinal atresia on ultrasound include bowel dilatation 
or ascites. Prenatal diagnosis can lead to prompt treat-
ment of the infant shortly after birth and avoids the 
complications associated with intestinal obstruction.

Postnatally, the diagnosis of intestinal atresia should 
be suspected in newborns that develop abdominal  
distention, vomiting, or an abdominal mass with or 
without obstipation. However, the timing of these signs 
is variable and depends on the location of the obstruc-
tion as well as its nature, whether it is a stenosis or an 
atresia. X-ray study of the abdomen is indicated in any 
newborn suspected to have intestinal obstruction. The 
presence of persisting bile-stained vomitus in the 
absence of meconium stools for more than 4 hours is 
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often a common initial finding in proximal obstruction. 
A double-bubble sign on plain x-ray with no distal gas 
strongly suggests duodenal atresia. If an enema is indi-
cated, it should be a diagnostic barium enema, unless 
meconium ileus is suspected, in which case water-
soluble Gastrografin should be used. It may be neces-
sary to aspirate air from the stomach because it might 
distort or obscure the pattern of gas distribution in the 
small bowel, or it may be advisable to introduce 20 mL 
of gas into the stomach, if no gas is present, in cases of 
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In cases of volvulus, however, residual air bubbles may be 
observed distal to the obstruction due to air that passed 
along the intestinal tract before the volvulus occurred. 
During operation for these cases of volvulus of the 
midgut, the twisted portion of the bowel is unwound and 
the Ladd procedure is carried out on the malrotated 
portion. Upon severing the obstructing adventitious 
bands or abnormal attachments, the colon will drop to 
the left side of the abdomen, leaving the small bowel on 
the right side.

a rule, marked by air distention above and complete 
absence of air below the point of obstruction, so, for 
example, in duodenal atresia the stomach and duode-
num above the block are considerably dilated, with no 
air below.

The management of intestinal atresia is primarily 
surgical and depends on the location of the obstruction. 
In all cases, the mandatory principle is to preserve as 
much of the small intestine as possible. Unfortunately, 
in many instances the atretic portion of the intestine is 
so great that lack of an adequate absorptive surface will 
sometimes bring about insurmountable difficulties in 
maintaining nutrition postoperatively. Preoperatively, 
feedings should be withheld, the proximal segment 
should be decompressed after placement of a nasoen-
teric tube, and fluid and electrolyte resuscitation should 
be instituted promptly.

Surgery can be performed laparoscopically; the pos-
sibility that multiple sites of atresia may be present 
should be entertained and properly evaluated preopera-
tively, however.

The prognosis of intestinal atresia is very good. Most 
deaths occur in infants who are premature or have asso-
ciated anomalies.

Volvulus is the term generally used to indicate the 
torsion and/or coiling of an organ about its attachment, 
which, in the specific case of the intestines, is the mes-
entery. It may occur at all ages when, for one reason or 
another, an intestinal segment becomes longer and the 
mesentery narrower. In the newborn, volvulus of the 
midgut, which leads to serious intestinal obstruction, is 
a complication of a malrotation of the colon. Normally, 
around week 10 of fetal life, the ileocecal area rotates 
in a counterclockwise direction, bringing the cecum 
into the lower right abdominal quadrant and permitting 
the mesentery of the ascending colon to be fixed pos-
teriorly and laterally to the parietal peritoneum. Genetic 
mutations that disrupt signaling result in the arrest of 
this process. The attachment of the mesentery from the 
duodenojejunal junction to the middle of the transverse 
colon is lacking, causing this long mass of intestine to 
remain suspended between the two points of fixation. 
It may become twisted, producing not only intestinal 
obstruction but also occlusion of the superior mesen-
teric vessels. The cecum may be held in this abnormal 
position in the upper right quadrant by adventitious 
peritoneal bands and be fixed to the liver, parietal perito-
neum, or posterior abdominal wall in such a way as to 
compress the duodenum. Peritoneal bands, not associ-
ated with malrotation of the colon, may occasionally 
cause obstruction of the duodenum or, still more rarely, 
of other parts of the small bowel.

The clinical signs of these conditions are the same as 
those of any other cause of intestinal obstruction in the 
newborn. The x-ray appearance often resembles a typical 
intestinal obstruction with dilated loops proximally with 
completely gas-free segments distal to the obstruction. 
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1. Small intestine
pulled downward to
expose clockwise twist
and strangulation at
apex of incompletely
anchored mesentery.
Unwinding is done in
counterclockwise
direction (arrow)

2. Volvulus unwound;
peritoneal band compressing
duodenum is being divided

3. Complete release of obstruction;
duodenum descends toward root
of superior mesenteric artery;
cecum drops away to left

MALROTATION OF COLON AND VOLVULUS OF MIDGUT

Internal (e.g., paraduodenal, duodenojejunal) hernia 
may also be responsible for intestinal obstruction  
in infants. A loop of bowel may become incarcerated, 
or perhaps even strangulated, by entering a defect in 
the mesentery or by passing between adventitious 
bands of peritoneum. The herniation is generally 
diagnosed either by exclusion or on the operating 
table. The obvious procedure is to reduce any existing 
hernia and to divide any obstructing adventitious 
bands.

congenItal InteStInal 
oBStructIon: InteStInal 
atreSIa, malrotatIon of 
colon, volvuluS of mIDgut 
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The condition known as meconium ileus develops 
exclusively in infants born with cystic fibrosis, which is 
a lethal autosomal recessive disorder caused by muta-
tion of the cystic fibrosis transmembrane conductance 
regulator (CFTR) protein. This mutation primarily 
interferes with chloride transport in various acinar 
structures of the intestinal, bronchial, salivary, and 
sweat glands, as well as those of the pancreas. Pancreatic 
damage can occur in utero; 85% to 90% of these 
patients develop severe pancreatic insufficiency. Subse-
quently, the meconium becomes thick and tenacious, 
adhering to the intestinal mucosa and causing impac-
tion in the ileum and intestinal obstruction.

Meconium ileus can cause complete obstruction, 
with an empty, collapsed segment distally and a dilated 
segment proximally. The ileum frequently resembles a 
strand of beads, as the bowel wall conforms to the contour 
of the aggregations of meconium, which is gray in color 
and of a dried, puttylike consistency. Just proximal to 
the occlusion, the bowel is slightly larger in caliber, and 
the meconium sticking to the wall is less firm but still 
so viscous as to prevent peristaltic propulsion. It is here 
still gray-green to green-black, and it contains so little 
fluid that it leaves no stain when held in the hand. 
Meconium ileus has typical radiographic findings. 
Some of the loops seem moderately enlarged, some are 
enormously ballooned, others appear normal, and some 
are even smaller than normal. This is in marked con-
trast to intestinal obstruction from atresia, stenosis, or 
aganglionic megacolon, where all the loops are likely to 
be extended with gas to the same extent. The inspis-
sated meconium is seen on the x-ray film as a radi-
opaque mass, with a mottled appearance due to air 
bubbles that have been forced into it. It is important  
to remember, however, that inspissated meconium  
may also be visualized in aganglionic megacolon (see 
Plate 3-30) and that both conditions, meconium ileus 
and aganglionic megacolon, may exist without any evi-
dence of fecal shadows on x-ray examination. Flecks of 
calcium, either scattered throughout the abdomen or 
attached to the bowel wall, are diagnostic of meconium 
peritonitis caused by rupture of the intestine in utero.

The management of meconium ileus depends on the 
degree of obstruction and the presence of complica-
tions. Patients with uncomplicated meconium ileus can 
be treated nonoperatively by methods that help disim-
pact the inspissated mucus. In this approach, dilute 
water-soluble contrast or N-acetylcysteine (Mucomyst) 
can be infused transanally via catheter into the  
dilated portion of the ileum. This procedure should be 

performed by an experienced team, and the use of fluo-
roscopy is recommended. These agents help dissolve 
the impacted meconium by absorbing fluid from the 
bowel wall into the intestinal lumen; therefore, these 
infants are at risk of fluid and electrolyte abnormalities, 
and expectant and adequate resuscitation is mandatory. 
This approach can be followed for several days pro-
vided no complications occur; if there is no success, 
surgical intervention should be considered. Operative 
irrigation can be attempted using the same agents  
delivered through a purse-string suture. Alternatively, 

the distended terminal ileum should be resected with 
the meconium pellets flushed from the distal small 
bowel. An end ileostomy is created, with the distal 
bowel brought up as a mucous fistula or sewn to the 
side of the ileum. Reanastomosis can be carried out at 
a later time after appropriate deflation of the dilated 
proximal bowel has occurred and pancreatic enzymes 
have been instituted. Distal intestinal obstructive syndrome 
is a similar phenomenon that occurs later in life and is 
more commonly seen in cystic fibrosis patients with a 
history of meconium ileus as an infant.
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pulmonary hypoplasia and pulmonary hypertension by 
increasing transpulmonic pressure. The birth should 
take place at a tertiary care center via vaginal delivery 
induced at term.

Although routine prenatal ultrasound examination is 
able to identify most congenital diaphragmatic hernias, 
the diagnosis may not be made until after delivery. The 
characteristic signs include a barrel-shaped chest with 
a left-sided respiratory lag (if the hernia is on the left, 

DIaphragmatIc hernIa

Diaphragmatic hernia in the newborn is a not uncom-
mon defect and seems to be reported increasingly, in 
one to four neonates per 10,000 births. This probably 
reflects earlier diagnosis and more prompt treatment 
rather than increased incidence. If the diaphragmatic 
defect is not surgically repaired, most of these infants 
die within the first month of life as a result of respira-
tory compromise.

The most usual site of a congenital diaphragmatic 
hernia is the foramen of Bochdalek in the posterolateral 
portion. Herniation most often occurs in the left side 
and usually involves the stomach and the bowels. Right-
sided hernias are rare and may contain the liver. Less 
common hernias occur at the esophageal hiatus and at 
the foramen of Morgagni in the retrosternal portion of 
the diaphragm. Herniation through these latter defects 
usually does not produce severe respiratory distress. 
Diaphragmatic eventration must be distinguished from 
diaphragmatic herniation. The former refers to eleva-
tion of a portion of the diaphragm that is thin and 
membranous due to incomplete muscularization. The 
diaphragm in this case forms a sac that covers abdomi-
nal contents that are displaced into the thorax. In rare 
cases, the diaphragm may completely or partially fail to 
develop (diaphragmatic or hemidiaphragmatic agenesis). 
The cause of congenital diaphragmatic hernia has not 
been clearly elucidated; most occur sporadically. Failure 
of normal closure of the pleuroperitoneal folds during 
the fourth to tenth weeks following fertilization appears 
to be the initial step in formation of these hernias; 
genetic or environmental factors are believed to trigger 
disruption of mesenchymal cell differentiation during 
formation of the diaphragm, however.

Most cases of congenital diaphragmatic hernia are 
diagnosed prenatally on routine ultrasound screening at 
approximately 24 weeks of gestation. Visualization of a 
chest mass with or without mediastinal shift is sugges-
tive of a diaphragmatic hernia. Fetal MRI can confirm 
the finding and estimate lung volumes, as well as iden-
tify associated anomalies, which frequently occur with 
diaphragmatic hernias. Fetal genetic studies should also 
be performed. In utero therapy is investigational at this 
time and involves fetal tracheal occlusion, which averts 
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as it is in most instances) and a small and frequently 
scaphoid abdomen. The heart is displaced to the right, 
often to an extreme degree. Breathing sounds are absent 
over the left chest and are heard only over the upper 
right thorax portion, where they are harsh in character. 
Gas fills the herniated bowel usually only later, so that 
the percussion sounds over the chest are not necessarily 
tympanitic directly after birth. Auscultatory findings, 
suggestive of peristaltic movements in the chest, may 
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Plate 2-18 
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The repair of the diaphragmatic defect may be accom-
plished by primary closure; however, larger defects often 
need a synthetic patch repair to allow a tension-free 
closure. The abdominal cavity may also be too small and 
underdeveloped to accommodate the intestine and 
permit closure of the abdominal wall muscle and fascial 
layers. In such cases, a temporary abdominal wall silo  
or mobilization of abdominal wall skin flaps may  

be present but are not reliable. Some infants, able to 
compensate for the presence of abdominal viscera in  
the chest, exhibit signs and symptoms only when the 
gas-filled intestines cause a greater mediastinal shift. 
Though the diagnosis can be made on physical findings 
alone, chest x-ray confirms the clinical impression, 
except when the severity of the infant’s respiratory dis-
tress does not allow time for such a procedure.

Once the diagnosis of a diaphragmatic hernia is 
made, the management encompasses preoperative 
medical management followed by surgical repair. 
Aggressive preoperative medical management has 
improved survival rates to well over 90% and involves 
ventilatory support after immediate endotracheal intu-
bation. Use of extracorporeal membrane oxygenation is 
reserved for infants who fail to respond to conventional 
ventilatory support. Echocardiography is performed to 
evaluate pulmonary hypertension and identify underly-
ing cardiac anomalies. The circulatory system is main-
tained by administration of fluids and inotropic agents. 
To avoid additional distention of the abdominal viscera, 
nasogastric tube placement before anesthesia is recom-
mended. Premature infants with respiratory distress 
syndrome should receive surfactant therapy.

In the past, surgical repair of these types of hernias 
was considered an emergency and infants underwent 
surgery shortly after birth. It is now accepted that emer-
gent surgery is not necessary, and the timing of surgical 
repair depends on the severity of pulmonary hypoplasia 
and pulmonary hypertension. Infants requiring minimal 
support with no evidence of pulmonary compromise 
can undergo surgical repair within 72 hours. In infants 
with some degree of pulmonary hypoplasia and revers-
ible pulmonary hypertension, surgery should be delayed 
until pulmonary compliance improves and pulmonary 
hypertension is reversed.

Surgical repair of the diaphragmatic hernia can be 
performed using an abdominal or a transthoracic 
approach via either open or minimally invasive 
techniques.

be necessary to allow for gradual visceral reduction and 
concomitant abdominal cavity expansion, so that a 
staged closure of the abdominal wall is possible.

Complications following repair can be seen immedi-
ately after surgery with persistent pulmonary hyperten-
sion or can occur late with chronic respiratory disease, 
recurrent hernia, patch infection, spinal or chest wall 
abnormalities, and gastroesophageal reflux.

DIaphragmatIc hernIa 
(Continued)
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Plate 2-19 

Ileo-ileal intussusception
(intussusceptum “spearheaded”
by pedunculated tumor)

A B
Ileocolic lymphoma leading to ileocolic intussusception. (A) US image of the right iliac fossa showing the ‘pseudotumour’
or ‘kidney’ sign. The ileum can be seen centrally (arrow), surrounded by mesenteric fat that is hyperechoic, all within the
thickened ascending colon. (B) CT showing oral contrast medium in the ileal lumen, the surrounding mesenteric fat
accompanying the intussusceptum and the thickened ascending colon, which is the intussuscipiens (arrow). (From Grant
LA, Griffin, N. Grainger & Allison’s Diagnostic Radiology Essentials. Elsevier, Philadelphia, 2013. F3-146.)

Ileocolic
intussusception

x-rays are less sensitive and are used to exclude other 
causes and confirm the presence of small bowel obstruc-
tion. In adults, CT scanning is the investigation of 
choice, on which the target sign is also seen.

The treatment approach differs in pediatric and adult 
populations. In stable children with no signs of bowel 

IntuSSuSceptIon

Intussusception occurs when a proximal segment of the 
bowel telescopes into an adjacent distal segment. It is 
one of the most common abdominal emergencies in 
children but is rare in adults. Intussusception commonly 
occurs near the ileocecal junction, where the intussus-
ceptum telescopes into the intussuscipiens, dragging the 
associated mesentery with it. This leads to the develop-
ment of venous and lymphatic congestion with resulting 
intestinal edema, which can ultimately lead to ischemia, 
perforation, and peritonitis. Rarely, the proximal bowel 
is drawn into the lumen of the distal bowel (retrograde 
intussusception); this phenomenon is seen in Roux-en-Y 
gastric bypass surgery. The majority of cases in children 
are idiopathic, although evidence points to a preceding 
viral infection triggering the intussusception in some of 
these cases. On the other hand, adults usually have a 
distinct underlying pathologic lead point, which can be 
malignant in half of cases. Intermittent abdominal pain 
is the most common presentation in both children and 
adults. Symptoms progress over time and are accompa-
nied by nausea and vomiting. In children, a sausage-
shaped abdominal mass may be felt in the right side of 
the abdomen accompanied by the “currant jelly” stool 
mixed with blood and mucous.

An intussusception is sometimes discovered inci-
dentally during an imaging study performed for  
other reasons or for nonspecific symptoms. If these 
intussusceptions are short and if the patient has few 
symptoms, intervention may not be required.

Ultrasonography is the method of choice for detect-
ing intussusception in children and can demonstrate 
layers within the intestine (target sign). Plain abdominal 

perforation, nonoperative reduction using either hydro-
static or pneumatic enema is preferred to surgery. With 
this approach, the recurrence rate reaches 10%. In 
adults, surgical resection of the involved segment is 
recommended. Pathologic evaluation is needed to rule 
out underlying malignant disease.
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and kidneys. When abdominal relaxation is sufficient to 
allow the rectus muscles to come together, the silo is 
removed, the amnion is left inverted into the abdominal 
cavity, and the defect is closed.

Management of an omphalocele may be complicated 
by rupture of the omphalocele sac either in utero or 
during delivery. The frequency of multiple congenital 
anomalies in these infants must also be borne in mind. 
Some variety of intestinal obstruction is common, espe-
cially anomalies of rotation and fixation of the colon. 

omphalocele

An omphalocele, or exomphalos, is a midline abdominal 
wall defect covered by a membrane of amnion and peri-
toneum containing bowel, and, occasionally, spleen and 
liver at the base of the umbilical cord. When the defect 
is less than 4 cm, it is termed a hernia of the umbilical 
cord; when it is greater than 10 cm, it is termed a giant 
omphalocele. It results from the persistence of the physi-
ologic midgut herniation beyond the 12th postmen-
strual week. Associated abnormalities occur in 30% to 
70% of infants and include chromosomal abnormalities 
(trisomy 13, 18, 21), congenital heart disease, Beckwith-
Wiedemann syndrome, and prune belly syndrome. The 
diagnosis of an omphalocele can usually be made by 
inspection, but if the omphalocele is small, it may 
appear to be a normal part of the umbilical cord. The 
major differential diagnosis to consider is gastroschisis. 
Gastroschisis is a defect in the abdominal wall that 
usually occurs to the right of the normal insertion  
area of the umbilical cord; it is believed to arise at the 
site of involution of the right umbilical vein. The 
absence of a membranous sac with free-floating loops 
of bowel distinguishes gastroschisis from omphalocele; 
if the membranous sac of the omphalocele ruptures in 
utero, however, other clues should be sought, such as 
the location of the liver and site of the cord insertion.

When omphalocele is identified prenatally, fetal 
genetic studies, including amniocentesis and fetal echo-
cardiography, should be offered because of the high risk 
of aneuploidy and other congenital and genetic disor-
ders. Fetal growth should subsequently be monitored 
closely. Precluding other obstetric indications, sponta-
neous labor and delivery should be allowed to occur. 
However, referral to a tertiary care center is highly 
recommended.

In the delivery room, neonatal management involves 
covering the defect with gauze dressings soaked in ther-
mally neutral sterile saline, covering the dressing with 
clear plastic wrap, inserting an orogastric tube to 
decompress the stomach, stabilizing the airway to 
ensure adequate ventilation, and establishing peripheral 
intravenous access. The primary goal of surgery is to 
return the viscera to the abdominal cavity and close the 
defect; with an intact sac, emergency operation is not 
necessary, however. Small defects (<2 cm) can generally 
be managed by primary direct closure, whereas medium 
to large defects require a staged procedure.

A staged repair aims to create a protective extraab-
dominal extension of the peritoneal cavity (termed a 
silo), allowing gradual reduction of the viscera and 
gradual abdominal wall expansion. This is achieved by 
using two parallel sheets of reinforced Silastic sheeting 
sutured to the fascial edges or a preformed one-piece 
silo with a collapsible ring at its base for ease of inser-
tion. A prosthetic patch repair bridges the fascial gap 
with a synthetic material (e.g., polytetrafluoroethylene), 
and the skin is closed over the patch. The silo is pro-
gressively compressed to invert the amniotic sac and its 
contents into the abdomen and to bring the edges of 
the linea alba together by stretching the abdominal wall 
muscles. This usually requires 5 to 7 days, after which 
the defect is primarily closed. The intraabdominal pres-
sure produced by the silo should not exceed 20 cm of 
water to avoid impairing venous return from the bowel 

Obviously, if intestinal obstruction is suspected from 
x-ray studies or other signs, such as vomiting, failure to 
pass a stool, or distention, the proper corrective intraab-
dominal procedure must be undertaken before the 
closure is completed.

The survival rate for infants with small omphaloceles 
is excellent. The overall survival rate is 90%. Death is 
associated with wound dehiscence in larger omphalo-
celes, with subsequent infection, or with associated 
anomalies.

Plate 2-20 
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Plate 2-21 
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mucosa is suspected, 99mtechnetium pertechnetate scin-
tigraphy should be performed to confirm the finding.

The definitive management of intestinal duplications 
is surgical resection, which is indicated even if the cysts 
are asymptomatic because the potential complications 
can be grave. Total resection of the duplication along 
with the adjacent bowel is preferred, if feasible. If the 
patient is in poor condition or if the procedure is techni-
cally unfeasible, the cyst may be excised or “shelled out” 
or mucosal stripping may be performed. Additionally, a 

DuplIcatIonS of  
alImentary tract

Alimentary tract duplications, also referred to as mesen-
teric cysts, giant diverticula, or enteric cysts, are rare con-
genital malformations that develop during fetal life. 
These spherical or tubular structures may be single or, 
more frequently, multiple, and are equipped with all the 
layers of that part of the alimentary tract to which they 
are intimately attached, including the muscular coat. 
This is in distinction to diverticula, which lack a mus-
cular coat. Gastrointestinal duplication cysts may or 
may not communicate with the adjacent lumen of the 
gastrointestinal tract.

Most intestinal duplications are diagnosed in newborn 
infants and children, but some can remain silent and 
present in adulthood. With the routine use of prenatal 
ultrasound, however, many are being diagnosed in 
utero. Associated anomalies are present in one third of 
cases and involve the spine and gastrointestinal tract.

Several theories have been proposed to explain  
the origin of the duplications, but no single hypothesis 
can explain all possible combinations of duplications, 
locations, and associated anomalies. Failure of recana-
lization can explain duplications located in the gastro-
intestinal tract, which passes through a “solid” stage 
with temporary occlusion of the lumen around the 5th 
week of life. Other theories include intrauterine vascu-
lar accidents leading to duplications similar to intestinal 
atresia and incomplete twinning, which can explain 
duplications of the hindgut associated with genitouri-
nary malformations.

Duplications can occur in all parts of the alimentary 
canal, from the tongue to the rectum, but are most fre-
quently encountered in the jejunoileal area (65%), fol-
lowed by the colon (20.5%), gastric region (8%), and 
duodenal region (6.5%). Small intestinal duplications 
are typically located on the mesenteric border and share 
a blood supply with the adjacent intestine.

The walls of the two structures (i.e., of the intestine 
and its corresponding duplication) are not sharply sepa-
rated but have muscular fibers in common; hence, it is 
difficult to remove the duplicated segment without 
damaging the blood supply or the wall of the contigu-
ous intestine.

Intestinal duplications may remain asymptomatic, 
and the diagnosis may be made incidentally by physical 
examination or during a radiologic or endoscopic pro-
cedure. Alternatively, abdominal pain, vomiting, and an 
abdominal mass are the most common symptoms and 
signs. Ectopic gastric mucosa is present in 24% of intes-
tinal duplications, potentially leading to penetrating 
ulcers and severe gastrointestinal bleeding. Rarely, 
these cysts can serve as a lead point and cause intus-
susception or superinfection of the cyst. Malignant  
diseases arising from alimentary tract duplications, 
especially hindgut duplications, have also been reported.

The diagnosis is confirmed by radiologic imaging, 
including ultrasound, barium studies, CT scanning, or 
MRI studies. Abdominal sonography typically shows a 
cystic structure situated next to the intestine with a 
“double wall,” consisting of a hyperechoic inner layer 
produced by the mucosa and a relatively hypoechoic 
outer layer produced by smooth muscle. The presence 
of peristalsis is also a helpful sign. When ectopic gastric 

simple exteriorization by the Mikulicz technique can be 
performed, with the final repair postponed to a later 
date. Minimally invasive surgery has been successfully 
employed, with a low rate of complications, including 
laparoscopic simple cyst excision and resection with 
end-to-end or end-to-side anastomosis. Endoscopic 
resection of duodenal duplications has been reported, 
but the long-term outcome has not been documented. 
Thoracoabdominal enteric duplications may require 
combined transdiaphragmatic thoracolaparoscopy.
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vary from occasional drainage of small amounts of 
mucus to continuous loss of enteric contents. In such 
cases, an umbilical polyp frequently forms at the exter-
nal opening of the fistula. The most serious complica-
tion of an umbilicointestinal fistula, however, is prolapse 
of the ileum through a fistulous tube of large caliber. 
Increased abdominal pressure, when the infant cries or 
coughs, may cause such a prolapse, which presents itself 
as a dark-red, protruding, sausagelike mass, with a 

meckel DIvertIculum

The vitelline, or omphalomesenteric, duct connects the 
yolk sac with the primitive tubular gut in the early 
embryonic stages and normally involutes at about the 
7th week of fetal life, leaving no trace of its existence. 
Failure of the vitelline duct to disappear in its entire 
extension results in a variety of remnants, which include 
a diverticulum (Meckel diverticulum) attached to the 
ileum, omphalomesenteric cysts (enterocysts), ompha-
lomesenteric fistulae that drain through the umbilicus, 
and fibrous bands from the diverticulum to the umbili-
cus that predispose to bowel obstruction. The most 
common form is Meckel diverticulum.

Meckel diverticulum is the most frequent congenital 
anomaly of the gastrointestinal tract and is classically 
described by the rule of twos. It is prevalent in approxi-
mately 2% of the population, is usually located within 
2 feet of the ileocecal valve, and measures approxi-
mately 2 inches in length. It is two times as prevalent 
in males as in females, with approximately 2% of 
patients developing a complication, usually within the 
first 2 years of life. This diverticulum is always attached 
to the antimesenteric side of the ileal wall, and it varies 
in length (from 1 to 10 cm) and also in width (from 1 
to 4 cm in diameter), though its shape usually resembles 
that of a finger of a glove. The artery supplying the 
diverticulum, the vitelline artery, is a branch of the supe-
rior mesenteric artery. It crosses over the ileal wall 
along the diverticulum to its tip.

Meckel diverticulum is a “true” or “complete” diver-
ticulum composed of all the layers of the small bowel 
(the mucosal, muscular, and serosal layers), in contrast 
to an acquired intestinal diverticula, in which the 
mucosa and submucosa herniate through the muscle 
layer, covered only by serosa. The mucosal lining of a 
Meckel diverticulum corresponds to that of the ileum, 
but occasionally islands of heterotopic (jejunal, duode-
nal, or gastric) mucosa and nodules of pancreatic tissue 
may be present and can give rise to serious complica-
tions (see below).

The opening of a Meckel diverticulum is funnel-like 
and, as a rule, wide enough not to give rise to occlu-
sions, as do the “false diverticula” with a narrow neck. 
In the majority of individuals with Meckel diverticu-
lum, the rest of the former vitelline duct becomes com-
pletely obliterated, but in some cases, a nonpatent fibrous 
cord may remain, which attaches the blind end of the 
diverticulum to the umbilical site of the abdominal wall. 
Occasionally, the diverticulum or the fibrous cord may 
be affixed to another intestinal loop or to another 
viscus. Rarely, a rudiment of the vitelline duct persists 
permanently in the form of a solid fibrous cord without 
development of a diverticulum, resulting in fixation of an 
ileal loop to the umbilicus. This can lead to intestinal 
obstruction and strangulation of bowel loops.

The persistence of the entire vitelline duct as a per-
manent tube leads to an umbilicointestinal fistula, which 
should be easily discovered soon after birth. The umbil-
ical cord in such relatively rare cases is usually thicker 
at its base at birth than is normal, and when its external 
structures have regressed and sloughed off, a reddish 
mass with a small opening in its center will be noted in 
the umbilicus. The fistula may discharge intestinal con-
tents depending on the caliber of the duct and the 
changes in the abdominal pressure. The discharge can 

portion of the bowel turned inside out, and intestinal 
mucosa appearing at the external mouth of the fistula.

Another anatomic variant of a vitelline duct remnant 
is an umbilical sinus. In these cases, the vitelline duct may 
remain open only at its outer portion, resulting in a 
sinus rather than a fistula. In such instances, the proxi-
mal part of the duct closer to the ileum is usually trans-
formed into a fibrous cord attached on one end to the 
sinus and on the other to the ileum. Finally, the vitelline 
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Plate 2-23 
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COMPLICATIONS OF MECKEL DIVERTICULUM AND VITELLINE DUCT REMNANTS

sac of an inguinal hernia (Littre hernia) and most com-
monly is seen in inguinal hernias followed by femoral 
and then umbilical hernias.

Benign tumors (myoma, lipoma, adenoma, and neuro-
genic neoplasm), as well as malignant ones, develop 
occasionally in a Meckel diverticulum. Different types 
of carcinoma, sarcoma, and carcinoid tumors have been 
observed, as in other parts of the small intestine.

duct may undergo fibrosis on the outer end as well as on 
the inner end, while a central portion persists as a patent 
part that develops into a cyst (enterocyst), causing, in 
later life, a variety of symptoms.

Meckel diverticulum, as well as other variants of 
vitelline duct remnants, may remain quiescent and may 
not be discovered for a lifetime, but they can also give 
rise to a variety of clinical syndromes. Acute inflamma-
tion of a diverticulum may be produced by nonspecific 
infections, foreign bodies, parasites, or trauma. This 
can range from mild inflammatory changes to gangrene 
with subsequent perforation and peritonitis. Clinical 
and pathologic findings in these cases resemble appen-
diceal inflammation and are often difficult to differenti-
ate. The onset of symptoms with this diverticulitis is 
usually sudden. Severe pain of colicky character is local-
ized around the umbilicus and accompanied by nausea, 
persistent vomiting, and fever. The abdomen may be 
distended, with an area of tenderness around the umbi-
licus or in the right or left lower quadrant. An inflamed 
Meckel diverticulum may be very difficult to distinguish 
from acute appendicitis on physical examination or  
preoperative imaging and may require exploratory  
laparotomy. Other diagnoses to consider include  
acute cholecystitis, colonic diverticulitis, and acute 
salpingitis.

Ectopic tissue is present in up to 21% of patients with 
Meckel diverticulum and commonly involves gastric 
tissue; however, duodenal and pancreatic tissues can 
also be present. Gastrointestinal bleeding can occur as 
a result of peptic ulceration caused by heterotopic 
gastric mucosa in the lining of a diverticulum. The ulcer 
usually forms adjacent to or away from the diverticu-
lum, and not on the mucosa or ectopic tissue within the 
diverticulum, and may resemble the marginal jejunal 
ulcer occurring after gastrojejunal anastomosis. Bleed-
ing is more likely to occur in symptomatic patients and 
can be chronic and insidious or present with massive 
hemorrhage. The diagnosis should be suspected in chil-
dren who develop painless rectal bleeding or in younger 
adults who present with obscure gastrointestinal bleed-
ing. The gastric mucosa, even when ectopic, is able to 
concentrate and secrete 99mtechnetium-labeled pertech-
netate; this test is often diagnostic and can be used to 
localize ectopic gastric mucosa in symptomatic Meckel 
diverticulum. Mesenteric arteriography can also be 
used to localize a bleeding diverticulum. Additionally, 
endoscopic procedures such as double-balloon enteros-
copy and capsule endoscopy have been described. If 
diagnostic testing is unrevealing or if the patient is 
hemodynamically unstable, abdominal exploration may 
be necessary to determine whether a Meckel diverticu-
lum is the source of bleeding.

Intestinal obstruction can be a complication of a 
Meckel diverticulum; it may result from intussusception, 
volvulus, or incarceration in an abdominal hernia. 
Intussusception occurs when the diverticulum serves as 
the lead point of ileal or ileocolonic intussusception. A 
nodule of heterotopic tissue or a tumor situated near 
the fundus of the diverticulum may become the predis-
posing factor of an inversion, which, however, can be 
complete only when the diverticulum is in no way 
adherent to other structures. Volvulus can occur as a 
result of twisting of the intestines around a fibrous cord 
or band related to a Meckel diverticulum. Strangulation 
of the diverticulum may also occur when it enters the 

Management of a Meckel diverticulum depends  
on the clinical presentation. Asymptomatic patients 
diagnosed incidentally on imaging may not undergo 
elective resection; however, management of a diverticu-
lum identified on abdominal exploration in an asymp-
tomatic patient is more controversial. Symptomatic 
Meckel diverticulum should be resected; either open 
laparotomy or laparoscopy techniques can be employed.

meckel DIvertIculum 
(Continued)
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the entrance of the barium. In patients with asymptom-
atic diverticula, no treatment is required; management 
of acute diverticulitis and diverticular bleeding is similar 
to that for colonic diverticular disease. Small intestinal 
bacterial overgrowth can be treated with oral antibiotics, 
but this is rarely curative unless the underlying risk 
factor (diverticulosis) is removed, and patients require 
intermittent antibiotic therapy.

DIvertIcula of  
Small InteStIne

A diverticulum is a blind outpouching of a hollow viscus, 
consisting of one or more layers of the part involved. 
Small intestinal diverticula usually occur in the duode-
num and occur less frequently in the jejunum and 
ileum. The true incidence is not known, because diver-
ticula may remain asymptomatic and the diagnosis is 
usually incidental; duodenal diverticula have been 
reported in 7% of those undergoing endoscopic retro-
grade cholangiopancreatography. In about 20% of 
cases, they are associated with diverticula in other parts 
of the digestive tract.

Diverticula of the small intestine may be single or 
multiple. Jejunal diverticula are usually multiple and are 
frequently associated with disorders of intestinal motil-
ity, such as progressive systemic sclerosis, visceral neu-
ropathies, and myopathies. The multiple diverticula can 
be so numerous as to involve nearly the entire small 
intestine. They are located almost always along the line 
of mesenteric attachment, with sizes varying from a few 
millimeters up to several centimeters in diameter. The 
“complete” diverticula, formed by all the layers of the 
intestinal wall, are believed to be of congenital origin 
and are frequently associated with other malformations. 
The “incomplete” diverticula, consisting only of mucosa 
and serosa, are caused by herniation through a defect 
caused by the entrance of large vessels.

Diverticula of the small intestine are frequently 
symptomless and are found incidentally on imaging or 
endoscopy or at autopsy. In some cases, the symptoms 
are limited to a vague abdominal pain and flatulence 
appearing a certain time after meals and attributed to 
retention of fecal matter in the diverticula. Small intes-
tinal diverticula may, however, give rise to serious  
complications, such as acute inflammation, intestinal 
obstruction, perforation, and hemorrhage. Acute diver-
ticulitis is usually the consequence of food residue or 
parasites becoming trapped in the pouch and may 
present with symptoms similar to those of acute appen-
dicitis. Intestinal obstruction may occur by strangula-
tion, compression by an inflammatory tumor, or, more 
rarely, intussusception. Perforation of a diverticulum is 
usually the consequence of acute inflammation or 
trauma produced by a foreign body that found its way 
into the pouch. The perforation may occur in the free 
abdominal cavity, the mesentery, or another intestinal 
loop, resulting in generalized peritonitis, a walled-off 
abscess, or an intestinal fistula. A few cases are recorded 
in which aberrant pancreatic tissue and benign or malig-
nant tumors were located in an intestinal diverticulum.

The presence of massive diverticulosis of the small 
intestine may lead to bacterial overgrowth, which can 

seriously interfere with absorption, causing steatorrhea, 
megaloblastic anemia, and other symptoms that charac-
terize the malabsorption syndrome (see Plate 2-29). 
Diverticula of the small intestine can be diagnosed only 
by endoscopic imaging or x-ray studies. X-ray demon-
stration is, however, rendered difficult when the wide 
neck of the diverticulum makes it empty readily or when 
the intestinal contents fill the diverticulum and prevent 

Plate 2-24 
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Plate 2-25 
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CELIAC DISEASE AND MALABSORPTION

diseases, including osteopenia, osteoporosis, and, rarely, 
osteomalacia, are common in celiac disease and can 
present in the absence of gastrointestinal symptoms.

Dermatitis herpetiformis is an uncommon cutaneous 
manifestation of celiac disease and presents as an 
intensely pruritic inflammatory papular and vesicular 
skin eruption involving the extensor surfaces of the 
elbows, forearms, knees, buttocks, back, and scalp. 
Direct immunofluorescence microscopy of a punch 
biopsy is the gold standard test for the diagnosis of 
dermatitis herpetiformis. Treatment consists of dietary 

celIac DISeaSe

Celiac disease, also known as gluten-sensitive enteropathy 
or nontropical sprue, is a chronic immune-mediated 
enteropathy triggered by exposure to dietary gluten. 
The primary target of the disease is the small intestine; 
celiac disease can affect multiple systems, however.

It is primarily seen in individuals of European descent 
but is increasingly recognized on almost every conti-
nent. The overall prevalence in the general population 
of the United States and Europe is nearly 1%; only 10% 
to 15% of patients have been diagnosed and treated, 
however. The prevalence appears to increase with age.

Celiac disease develops in genetically predisposed 
individuals as a result of the influence of environmental 
factors. First-degree relatives of patients with celiac 
disease have a 10% to 15% risk of developing the disease.

The HLA class II genes HLA-DQ2 and HLA-DQ8, 
which are normally expressed on the surface of antigen 
cells in the gut, are the most important genetic suscep-
tibility factors in celiac disease. HLA-DQ2 is found in 
90% to 95% of patients with celiac disease, with 
HLA-DQ8 found in most of the remaining patients. 
These molecules are necessary variables predisposing a 
patient to the disease, which means that celiac disease 
is unlikely if neither molecule is present. The molecules 
are not, however, sufficient to cause celiac disease; they 
occur in 30% to 40% of the general population.

Gluten is a storage protein of wheat. The alcohol-
soluble fraction of gluten, gliadin, is toxic in celiac 
disease, along with similar proteins in barley (hordeins) 
and rye (secalins). These proteins are rich in glutamine 
and proline residues that even the healthy human intes-
tine cannot fully digest. As a result, intact gliadin pep-
tides are left in the lumen, but few cross the intestinal 
barrier. In individuals with celiac disease, these frag-
ments come into contact with tissue transglutaminase, 
a ubiquitous intracellular enzyme that is released by 
inflammatory and endothelial cells and fibroblasts in 
response to mechanical irritation or inflammation. 
Upon contact, tissue transglutaminase cross-links with 
these glutamine-rich proteins and deamidates them. 
This process modifies glutamine residues into glutamic 
acid residues, which are ideally suited to interact with 
the HLA-DQ2 or HLA-DQ8 molecules. Once bound 
to HLA-DQ2 or HLA-DQ8, gliadin peptides are pre-
sented to the CD4+ T cells, triggering the inflamma-
tory reaction. The end result is an inflammatory state 
of the small intestine, causing a derangement in the 
architecture of the mucosa, with flattening of the villi, 
and infiltration of lymphocytes into the epithelium.

The clinical presentation of celiac disease has been 
traditionally classified based on signs and symptoms. 
Most patients are asymptomatic and the disease is dis-
covered incidentally upon testing; others present with 
atypical extraintestinal signs and symptoms.

Chronic or intermittent diarrhea, often bulky and 
foul smelling, is one of the most common gastrointes-
tinal symptoms. Abdominal pain, bloating, and flatu-
lence are other common symptoms; however, chronic 
constipation has been reported.

A variety of extraintestinal manifestations have been 
described in celiac disease and are often the presenting 
symptom. Iron deficiency anemia, resistant to oral iron 
supplementation, is the most common extraintestinal 
sign and is considered the most frequent presentation 
among teenagers and adults. Neurologic symptoms 
such as headaches as well as psychiatric issues including 
depression and anxiety have been reported in associa-
tion with celiac disease. Nonerosive, polyarticular, or 
oligoarticular arthritis that promptly resolves with a 
gluten-free diet has been documented. Metabolic bone 

gluten restriction and pharmacotherapy with dapsone. 
Long-term treatment lasting several years may be 
required to achieve complete remission.

The diagnosis of celiac disease requires a high index 
of suspicion and the identification of risk factors associ-
ated with the disease. Testing should be carried out  
for those with gastrointestinal symptoms and those  
with unexplained iron deficiency anemia, folate defi-
ciency, or vitamin B12 deficiency. The presence of unex-
plained persistent elevation in serum aminotransferases, 
short stature, delayed puberty, recurrent fetal loss, 
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nutritional support is required, including parenteral 
nutrition if needed and pharmacotherapy focused on 
immunosuppression.

In patients unresponsive to immunosuppression, 
ulcerative jejunitis and lymphoma should be considered. 
Patients with ulcerative jejunitis have multiple chronic, 
benign-appearing ulcers, most frequently in the jejunum, 
which can rarely form strictures. These can be identified 
on cross-sectional abdominal imaging or on upper 
endoscopy and capsule endoscopy. Ulcerative jejunitis 
has an unfavorable prognosis, with a 30% mortality rate.

Distinction between ulcerative jejunitis and lym-
phoma is challenging because both have very similar 

reduced fertility, persistent aphthous stomatitis, dental 
enamel hypoplasia, idiopathic peripheral neuropathy, 
nonhereditary cerebellar ataxia, or recurrent migraine 
headaches also merits testing for celiac disease. Testing 
should be considered for first-degree relatives of indi-
viduals with celiac disease and for individuals with dis-
orders known to coexist with celiac disease, such as type 
1 diabetes mellitus and Down syndrome.

Testing the serum levels of anti–tissue transglutamin-
ase IgA is generally acknowledged as the first choice in 
screening for celiac disease, displaying the highest  
levels of sensitivity (98%) and specificity (96%). Anti–
endomysium IgA testing has a specificity of close to 
100% and a sensitivity exceeding 90%, but this test has 
high interobserver variability. Antibodies to deamidated 
gliadin peptides (DGP-IgA and DGP-IgG) are also 
used as screening tools, and they seem to be especially 
useful in very young children. In fact, DGP testing may 
be more sensitive than anti–tissue transglutaminase IgA 
in children younger than 2 years. IgA deficiency is more 
common in celiac disease (2% to 5%) than in the 
general population (<0.5%), leading to falsely negative 
IgA tissue transglutaminase and IgA endomysium serol-
ogy tests. In cases where there is a high pretest proba-
bility, total serum IgA can be measured in addition to 
IgA tissue transglutaminase and IgA endomysium. If 
the serum IgA is low, IgG-based assays should be used 
to test for celiac disease. Negative results on testing for 
HLA-DQ2 or HLA-DQ8 can also help to exclude the 
diagnosis in this setting.

In addition to serologic markers, the diagnosis of 
celiac disease still rests on the demonstration of histo-
logic changes in the small intestinal mucosa as docu-
mented by biopsy specimens from the duodenum via 
endoscopy. The classic finding on endoscopy is an atro-
phic duodenal mucosa with loss of the folds with or 
without scalloping or a nodular appearance. Such find-
ings, however, are not universally present and the 
mucosa can appear normal. Histologic findings range 
from mild alteration characterized only by increased 
intraepithelial lymphocytes to crypt hyperplasia and 
complete villous atrophy and are reported using the 
Marsh-Oberhuber and Corazza classifications.

Adherence to a strict gluten-free diet remains the 
only available treatment for patients with celiac disease 
and typically results in a complete return to health. 
Compliance with a gluten-free diet, however, is difficult 
at all ages but particularly for teenagers and younger 
adults. Dietary counseling with a skilled dietitian is one 
of the most important aspects of the treatment and 
should be recommended to all patients with celiac 
disease. Patients should be monitored for deficiencies 
of vitamins, particularly A, D, E, and B12, iron, and folic 
acid, while copper and zinc should be supplemented. 
Deficiency of magnesium and selenium may also occur, 
and signs or symptoms of a deficiency should be sought. 
Constipation can occur as consequence of a gluten-free 
diet because the diet is low in roughage; regular use of 
psyllium seed husks is often beneficial.

If symptoms persist or serologic and/or histologic 
abnormalities develop while a patient is on a gluten-free 
diet, this usually indicates poor compliance with the 
diet or inadvertent gluten ingestion. Alternative or con-
current disorders such as bacterial overgrowth, pancre-
atic insufficiency, and microscopic colitis should be 
considered and excluded appropriately. Refractory sprue 
is the persistence of symptoms and villous atrophy 
despite a strict gluten-free diet for at least 2 years. The 
cause is unknown, but the course can be severe, with 
progressive malabsorption and even death. Aggressive 

symptoms and findings on imaging. Enteropathy-
associated T-cell lymphoma is a rare but aggressive 
neoplasm that arises in the gastrointestinal tract as a 
sequela of untreated celiac disease. Most patients 
present with stage IV disease. Treatment consists of 
chemotherapy with or without autologous hematopoi-
etic cell transplantation.

Various malignant diseases are associated with celiac 
disease, and the gluten-free diet is considered to be 
protective against the development of certain malignant 
diseases. These include esophageal, head, and neck 
squamous carcinoma, small intestinal adenocarcinoma, 
and non-Hodgkin lymphoma.

celIac DISeaSe (Continued)
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ENDOSCOPIC AND HISTOLOGIC FINDINGS



 Lower Digestive Tract: PART II

58 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

Plate 2-27 
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shortened, blunted villi and elongated crypts and 
increased inflammatory cells. However, in tropical 
sprue there appears to be less villous architectural alter-
ation and more mononuclear cell infiltrate in the lamina 
propria, whereas in celiac disease, blunting of the villi 
is more severe with complete or nearly complete 
absence of villi.

Broad-spectrum antibiotics and folic acid are most 
often curative for this disease. Relapse or reinfection 

tropIcal Sprue

Tropical sprue is a chronic diarrheal disease seen in 
certain, but not all, tropical areas and characterized by 
small intestinal damage causing malabsorption and 
nutritional deficiencies, including deficiencies of folate 
and vitamin B12.

Tropical sprue occurs in specific locations in the 
tropics within a narrow 30-degree band north and south 
of the equator. It is particularly prevalent in southern 
India, the Philippines, and several Caribbean islands 
(Haiti, the Dominican Republic, Puerto Rico, and 
Cuba), but is rarely observed in Jamaica, Africa, the 
Middle East, or Southeast Asia. It affects both native 
populations as well as visitors to the tropics who stay 
for more than a month.

It is widely believed that infectious agents are 
responsible for the development of tropical sprue. Mul-
tiple microorganisms, including Klebsiella pneumoniae, 
Enterobacter cloacae, and Escherichia coli, have been iden-
tified in jejunal aspirates, but there is little consistency 
among studies. Bacterial overgrowth has also been 
documented in patients with tropical sprue, which can 
contribute to significant small bowel structural damage, 
by elaboration of toxins and fermentation products.

Intestinal injury causes loss of brush-border disac-
charidase enzymes, which leads to malabsorption of 
dietary carbohydrates. The loss of normal villous archi-
tecture impairs fat absorption and causes steatorrhea. 
Vitamin B12 and folate malabsorption lead to deficien-
cies of these two vitamins, in contrast to small intestinal 
bacterial overgrowth, where the serum folate concen-
tration is actually increased. This may be related to a 
difference in the bacterial species colonizing the small 
bowel in the two conditions. Facultative anaerobic toxi-
genic coliforms in tropical sprue produce fermentation 
products such as ethanol that diminish folate absorp-
tion, whereas anaerobic nontoxigenic flora in the small 
bowel overgrowth generate folic acid.

The diagnosis of tropical sprue should be entertained 
in any individual with chronic diarrhea who is either 
residing in or has recently returned from a prolonged 
visit to a tropical country. Steatorrhea is often present 
and is accompanied by cramping abdominal pain, gas, 
and fatigue. Malabsorption is evident, with progressive 
weight loss, megaloblastic anemia, and signs of a low-
protein state.

Chronic diarrhea in a tropical environment has 
extensive etiologic possibilities, primarily of an infec-
tious nature. Therefore, exclusion of these causes of 
diarrhea is necessary before invasive endoscopic studies 
can be performed. Careful stool and serologic testing 
should be performed to exclude infection with Ent-
amoeba histolytica, Giardia lamblia, Strongyloides stercora-
lis, Cryptosporidium parvum, Isospora belli, and Cyclospora 
cayetanensis, and serologic tests should be carried out to rule 
out celiac disease. In individuals with human immuno-
deficiency virus (HIV) risk factors, HIV infection and 
associated opportunistic infections should be ruled out.

If these are negative, upper endoscopy with biopsy of 
the small bowel should be performed. Gross findings at 
endoscopy are nonspecific and include flattening of 
duodenal folds and “scalloping.” The histologic fea-
tures are nearly identical to those of celiac disease, with 

occurs in up to 20% of patients living in the tropics. 
Tetracycline, given for up to 6 months, completely 
reverses the intestinal and hematologic abnormalities of 
tropical sprue. Folic acid alone induces hematologic 
remission as well as improvement in appetite and 
weight gain. Because of marked folate deficiency, folic 
acid is most often given together with antibiotics. Coex-
istent B12 deficiency should be treated with intramuscu-
lar injections of cyanocobalamin.
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Current treatment regimens recommend use of a  
third-generation cephalosporin or penicillin followed  
by long-term maintenance with trimethoprim- 
sulfamethoxazole. The two major problems are central 
nervous system disease and relapsing infection. Central 
nervous system disease is difficult to manage and requires 
longer use of an antibiotic that readily enters the blood-
brain barrier. Relapse has been reported in up to 35% of 
cases and indicates incomplete eradication of the organ-
ism during the initial therapy. Immune reconstitution 
inflammatory syndrome is sometimes observed and may be 
fatal. Therefore, close monitoring during therapy, espe-
cially during the initial period, is essential.

whIpple DISeaSe  
(InteStInal lIpoDyStrophy)

Whipple disease is a rare disease caused by an infection 
with Tropheryma whipplei, a gram-positive bacillus. The 
disease was first described in 1907 by G. H. Whipple, 
but the infectious agent was not identified until 1991.

It primarily affects middle-aged white males of Euro-
pean ancestry, suggesting an underlying genetic predispo-
sition that leads to colonization of T. whipplei throughout 
the intestinal tract, lymphoreticular system, and central 
nervous system upon exposure to soil microbes.

Chronic carriers, which make up 2% to 11% of the 
general population in Europe, or infected individuals 
transmit the disease to others. The fecooral route appears 
to be the primary mode of transmission. Invasion or 
uptake of the bacillus is widespread throughout the body, 
including the intestinal epithelium, macrophages, capil-
lary and lymphatic endothelium, colon, liver, brain, heart, 
lung, synovium, kidney, bone marrow, and skin. All of 
these sites show a remarkable lack of inflammatory 
response to the bacillus. In addition, the organism exerts 
no visible cytotoxic effects on host cells. These observa-
tions suggest an underlying host immune deficiency and, 
possibly, secondary immune down-regulation induced by 
the bacterium. This results in accumulation of massive 
numbers of organisms within the intestinal tract and 
resulting impairment of nutrient absorption.

The classical presentation is a 50-year-old Caucasian 
male who initially complains of intermittent migratory 
arthralgias and suffers from chronic intermittent diar-
rhea and weight loss. Nonspecific symptoms such as 
fatigue, cough, and myalgia can occur. The bacterium 
can affect nearly all organs, including the eye, skin, 
lung, and even epididymis and testes. Lymphadenopa-
thy, mainly mediastinal, is present in over 50% of cases, 
and neurologic symptoms are present in nearly one 
quarter of patients. Cognitive changes such as dementia 
or memory impairment and psychiatric signs such as 
personality changes and depression are the most fre-
quently observed signs. Whipple disease may rarely 
present as a chronic localized infection without intesti-
nal and systemic involvement. This form can involve 
the endocardium, causing “culture-negative” endocar-
ditis, or can infect the eye, causing “corticosteroid-
resistant” uveitis. Additionally, T. whipplei has been 
implicated in acute infections of pneumonia, gastroen-
teritis, and even bacteremia.

Because of the rarity of Whipple disease, the diagnosis 
requires a high index of suspicion. Routine laboratory 
findings include anemia with both iron and vitamin B12 
deficiency and hypoalbuminemia. Polymerase chain reac-
tion testing of saliva and stool lacks sensitivity, and in most 
cases, upper gastrointestinal endoscopy with biopsies of 
the small intestine is necessary to make the diagnosis. 
Gross examination reveals thickened small intestinal folds 
studded with yellowish-white flecks. The corresponding 
mesentery and retroperitoneal lymph nodes are enlarged, 
are yellow or gray in color, and have a soft, doughy consis-
tency; on section, they show many vacuolated spaces 
(Swiss cheese, or honeycombed, appearance), which are 
filled with a yellowish-white creamy material.

The duodenal villi may appear atrophied during 
examination; this is a nonspecific finding. Histologi-
cally, the small intestinal mucosa shows a thickened 
lamina propria containing a large number of mononu-
clear macrophages with foamy cytoplasm and eosino-
philic granularity. Demonstration of extensive periodic 
acid–Schiff–positive material in the lamina propria of 
duodenal biopsies confirms the diagnosis. However, 
periodic acid–Schiff staining can be positive in other 

circumstances, such as Mycobacterium infection. Immu-
nohistochemical analysis using specific antibodies 
allows the direct visualization of bacteria in samples and 
has a sensitivity and specificity superior to those of 
periodic acid–Schiff staining. It is also possible, in spe-
cialized research laboratories, to use polymerase chain 
reaction techniques to amplify the DNA, which can 
then be sequenced.

The treatment of Whipple disease has evolved over 
the past two decades. Prior to the use of antibiotics, the 
disease was uniformly fatal. With adequate treatment, 
however, most patients do well. Clinical improvement  
is often dramatic, occurring within 7 to 21 days.  
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tetracycline, metronidazole, amoxicillin/clavulanic acid, 
and cephalosporins. Recently, the use of rifaximin, a non-
absorbable antibiotic that inhibits bacterial RNA synthe-
sis, has been shown to be effective when given for 7 to 
10 days.

Recurrence is common after treatment, especially in 
patients with underlying disorders that have not been 
corrected. For recurrent symptoms, several antibiotic 
treatment strategies exist, including intermittent courses 
or the use of rotating antibiotics during the first week of 
every month or every other week. Dietary prescriptions 
include a dairy-free diet that is low in fiber and low in 
carbohydrates but high in fat. This type of diet reduces 
symptoms and ensures a good source of calories.

BacterIal overgrowth

Small intestinal bacterial overgrowth refers to the exces-
sive proliferation of native bacteria or the presence of 
colonic bacteria in the small bowel, leading to symp-
toms and interfering with absorption of nutrients. 
Although sterile at birth, the alimentary canal is popu-
lated by the maternal flora within a few hours after 
birth. The interaction among an infant’s genes and 
microbiome and the nutrition the infant receives and 
environment surrounding the infant plays a role in the 
early establishment of the intestinal flora. The proximal 
small bowel normally contains few bacteria when com-
pared with the colon. Lactobacilli, enterococci, gram-
positive aerobes, or facultative anaerobes predominate 
in concentrations of 104 organisms/mL in the mid to 
distal jejunum. The concentration of coliforms rarely 
exceeds 103 organisms/mL; Bacteroides, the predomi-
nant organism in the colon, is rarely found in the proxi-
mal small bowel because several defensive mechanisms 
prevent excessive bacterial colonization of the small 
bowel. Gastric acid sterilizes ingested microorganisms, 
and proteolytic pancreatic and intestinal enzymes digest 
bacteria that escape into the small bowel. An intestinal 
mucous layer traps bacteria, and the sweeping action of 
small intestinal peristaltic movements prevents attach-
ment to the mucosa. Gut immunity plays an important 
role through secretory IgA, which prevents bacterial 
proliferation. Lastly, an intact ileocecal valve prevents 
retrograde bacterial translocation. Therefore, disorders 
that disrupt any or all of these mechanisms permit the 
development of small intestinal bacterial overgrowth.

Anatomic abnormalities that lead to stasis, such as 
surgical blind loops, fistulas, and strictures related to 
Crohn disease; short bowel syndrome; and small intes-
tinal diverticula, are common causes of small intestinal 
bacterial overgrowth. Small intestinal dysmotility, com-
monly seen in scleroderma, postirradiation enteropa-
thy, and small intestinal pseudoobstruction, can cause 
functional stasis that allows bacterial proliferation. 
Certain endocrine disorders, such as diabetes mellitus 
and thyroid disease, can alter intestinal motility, and 
hypochlorhydria and immunodeficiency interfere with 
the host’s ability to neutralize pathogens. Rarely, small 
intestinal bacterial overgrowth can occur in the absence 
of an underlying cause.

Once established, the bacterial overgrowth interferes 
with nutrient absorption and causes several untoward 
symptoms by elaboration of toxins or causes direct 
mucosal injury. Deconjugation of bile accompanied by 
premature fermentation of carbohydrates contributes 
to steatorrhea, diarrhea, and flatulence. Nutrient defi-
ciencies can occur owing to malabsorption of vitamin 
B12 and fat-soluble vitamins.

The clinical manifestations of bacterial overgrowth 
are usually nonspecific and include loose stools, bloat-
ing, flatulence, and abdominal discomfort. In severe 
cases, steatorrhea may be seen. The ensuing malabsorp-
tion can lead to weight loss, hypoalbuminemia, and 
peripheral edema. Rarely, patients may present with 
xerophthalmia, perioral numbness, and neuropathy 
with paresthesias, reflecting severe underling deficien-
cies of vitamins A, D, and B12, respectively.

The gold standard for the diagnosis of small intestinal 
bacterial overgrowth has traditionally been a jejunal 
aspirate culture demonstrating more than 105 colony-
forming units per milliliter of jejunal aspirate. This test 
is cumbersome to perform and poorly reproducible, 
however. Breath tests rely on the principle that the pre-
mature fermentation of a test dose of carbohydrate in the 
presence of bacterial overgrowth leads to production 

and exhalation of hydrogen or methane. The sensitivity 
and specificity of breath tests as compared with jejunal 
aspirate cultures are low, and testing protocols are not 
standardized; they are safe and easy to perform, however, 
and are currently widely used for the diagnosis of small 
intestinal bacterial overgrowth. Lactulose and glucose 
are the most common substrates used.

Treatment of bacterial overgrowth involves the use of 
antibiotics, but when an underlying disease is present,  
it should be corrected. Surgical resection of a blind  
loop or discontinuation of agents that reduce motility or 
suppress acid secretion are such measures that eliminate 
and prevent relapse of bacterial overgrowth. Several 
broad-spectrum antibiotics have been used, including 
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symptoms. Products containing predigested milk or 
other dairy substances or nondairy milk products such 
as almond milk are possible alternatives. Live culture 
yogurt, which contains endogenous β-galactosidase, is 
well tolerated and can be a good source of calcium. 
Avoidance of dairy products has been associated with 
low calcium and vitamin D levels; therefore, these levels 
should be monitored and properly supplemented.

FRUCTOSE MALABSORPTION

One fourth of the general population is estimated to 
suffer from varying degrees of fructose malabsorption. 
This should not be confused with hereditary fructose 

carBohyDrate 
malaBSorptIon, IncluDIng 
lactoSe malaBSorptIon

Carbohydrate malabsorption is a frequent clinical con-
dition caused by fermentation of unabsorbed carbohy-
drates by colonic flora and giving rise to symptoms. 
Although lactose is the most commonly malabsorbed 
sugar, other carbohydrates, including oligosaccharides, 
disaccharides, and monosaccharides such as fructose, 
can cause symptoms related to malabsorption.

LACTOSE MALABSORPTION

Lactose intolerance refers to the development of abdominal 
pain, flatulence, nausea, bloating, and diarrhea after 
ingestion of lactose, whereas malabsorption refers to the 
inefficient digestion of lactose, a disorder that might not 
cause symptoms. Lactose is the main source of sugar from 
milk and milk products from all mammals except the sea 
lion. It is hydrolyzed by lactase, an intestinal brush-border 
enzyme that cleaves lactose into glucose and galactose.

Intestinal lactase activity is maximal at birth but starts 
to decline after 2 years of age, a process that might help 
weaning. Most people in the world (70%) have low 
lactase activity after childhood (lactase nonpersistence). 
The proportion is higher in Native Americans and 
some populations of Southeast Asia and Africa, where 
it reaches 90% to 95%. Low activity should be distin-
guished from congenital lactase deficiency, a rare autoso-
mal recessive disease that affects infants from birth, and 
acquired lactose intolerance, which is a consequence of loss 
of intestinal brush-border enzyme activity associated 
with infectious enteritis or celiac disease. In approxi-
mately 30% of the population, the lactase activity level 
does not decline and continues at the maximal neonatal 
level well into adulthood (lactase persistence). This occurs 
mainly in people of Northern European descent and 
may indicate a natural selection in those populations 
who relied on mammalian milk in times of poor harvest.

Individuals with lactase nonpersistence are able to 
tolerate low doses of lactose. Studies indicate that 
symptoms are likely to be negligible if lactose intake is 
limited to 12.5 g, equivalent to 240 mL of milk per day. 
The average adult with a western diet consumes 
approximately 15 g of lactose per day.

Lactose that is not absorbed by the small intestine 
rapidly reaches the colon and is fermented to short-
chain fatty acids and hydrogen gas, which are respon-
sible for the ensuing symptoms. Symptoms, however, 
are variable and may depend on the fat content of the 
food, the intestinal transit time, and the composition of 
the colonic flora. Furthermore, short-chain fatty acids 
can be used up as an energy source by colonocytes, and 
this is one mechanism whereby lactose-deficient indi-
viduals adapt to ingestion of lactose.

The presence of lactose intolerance is usually sug-
gested by the patient’s history; however, testing may be 
necessary to confirm the diagnosis. Lactose tolerance 
testing and breath testing after ingestion of a standard 
dose of lactose are easy, noninvasive tests of lactose 
malabsorption.

Complete restriction of foods containing lactose may 
be recommended for a short period of time to alleviate 
symptoms and confirm the diagnosis. After this period, 
however, strict elimination may not be necessary,  
and small quantities may slowly be reintroduced. Prep-
arations containing bacterial or yeast β-galactosidases 
are commercially available and can be added to foods 
containing lactose or ingested with meals to prevent 

intolerance, in which infants develop hypoglycemia owing 
to a deficiency of the enzyme fructose-1-phosphate 
aldolase. Fructose is naturally present in fruits such as 
apples but can also be produced from corn and is a major 
ingredient in high-fructose corn syrup. Fructose is not 
efficiently absorbed, as glucose or galactose is, and the 
capacity of the gut to absorb fructose can be easily over-
whelmed when large quantities are ingested. Unab-
sorbed fructose can reach the colon, where fermentation 
by colonic bacteria leads to abdominal symptoms. Fruc-
tose malabsorption seems more common in patients 
with functional bowel disease and can be present in up to 
80% of cases. Avoidance of fructose from the diet or even 
reduction of intake eliminates symptoms.
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small bowel resection for localized areas of lymphangi-
ectasia may be beneficial.

ABETALIPOPROTEIN DEFICIENCY

Abetalipoproteinemia is a rare, autosomal recessive  
disorder, caused by a mutation in the transfer protein 
responsible for assembly of apolipoprotein B (apoB) 
and lipids in the liver and intestine. It is characterized 
by fat malabsorption, acanthocytosis, and hypocholes-
terolemia. Hypobetalipoproteinemia is another rare 
inherited disorder that results from improper packaging 
and secretions of apoB-containing lipoproteins.

Both disorders are characterized by defective secre-
tion and transport of lipids that leads to intestinal fat 
malabsorption and fat-soluble vitamin deficiencies. If 
left untreated, they have profound consequences, 

lymphangIectaSIa anD 
aBetalIpoproteIn DefIcIency

INTESTINAL LYMPHANGIECTASIA

Intestinal lymphangiectasia is an unusual disorder char-
acterized by dilated lymphatic channels in the mucosa, 
submucosa, or subserosa of the small intestine, leading 
to protein-losing enteropathy. Waldman originally 
described an idiopathic form, primary intestinal lymphan-
giectasia; however, obstruction to the flow of lymph in 
certain cardiac diseases or hematologic malignant dis-
eases and retroperitoneal lymph node enlargement due 
to chemotherapeutic, infectious, or toxic agents can 
secondarily lead to lymphangiectasias that present in the 
same manner as primary intestinal lymphangiectasia.

The worldwide prevalence of intestinal lymphangi-
ectasia is not well known. It primarily affects children 
but is also seen in adults. Primary intestinal lymphan-
giectasia appears to occur sporadically, but reports of 
familial clustering suggest an underlying genetic role; a 
rare mutation in genes that regulate lymphogenesis has 
been identified.

Primary intestinal lymphangiectasia arises from mal-
formation or hypoplasia of lymphatic channels, which 
impairs lymph flow. Chronic obstruction regardless of 
the cause increases intraluminal pressure in lymphatic 
channels, with resultant dilatation of the submucosal 
and subserosal lymphatic vessels in the intestine. Ulti-
mately, these cystic dilations rupture, allowing leakage 
of intestinal lymph into the intestinal lumen. As a result, 
there is excessive loss of serum proteins and lympho-
cytes into the gastrointestinal tract, and absorption of 
chylomicrons and fat-soluble vitamins is impaired.

The most common symptoms are nonspecific and 
include fatigue, weight loss, and failure to thrive; inter-
mittent diarrhea or steatorrhea with nausea and vomit-
ing can be seen. Peripheral edema is often present, and 
ascites, pleural effusion, or even anasarca can develop. 
Laboratory features reflect a protein-losing enteropa-
thy with low levels of serum albumin, gamma globulins, 
transferrin, and ceruloplasmin. Clotting factors are fre-
quently reduced, but this rarely causes complications. 
Lymphopenia, as previously mentioned, is a common 
feature, and deficiencies of fat-soluble vitamins may 
develop. The presence of protein-losing enteropathy 
can be demonstrated by measurement of alpha-1 anti-
trypsin clearance.

CT enterography may show a characteristic halo sign, 
and MRI can also be suggestive; however, the diagnosis 
of intestinal lymphangiectasia is based on endoscopy 
findings and is confirmed by histologic examination. 
Capsule endoscopy provides complete examination of 
the small intestine, but the inability to obtain samples 
is a drawback. On endoscopy, lymphangiectasias appear 
as white spots overlying the mucosa, described as a 
snowflake appearance.

Histopathologic examination of biopsies shows mark-
edly dilated lymphatic channels most apparent at the tips 
of the mucosal villi, with polyclonal plasma cells con-
firming the presence of intestinal lymphangiectasia.

The treatment of intestinal lymphangiectasia involves 
maintenance of nutrition and treatment of any underly-
ing disorder. A diet rich in protein and low in fat is 
recommended to lessen lymphatic flow. Supplementa-
tion of medium-chain triglyceride (which is directly 
absorbed in the portal venous circulation, bypassing the 
intestinal lymphatics) provides extra energy and lessens 
lacteal congestion and lymph loss. In severe cases, total 
parenteral nutrition may be needed. Use of octreotide 
and tranexamic acid has been reported, and segmental 

including the development of retinitis pigmentosa, 
coagulopathy, posterior column neuropathy, and myop-
athy. Hepatic steatosis is also common. Clinical diag-
nosis is based on symptoms of chronic diarrhea and 
failure to thrive during infancy. Acanthocytosis on 
blood smear, and the virtual absence of apoB-containing 
lipoproteins in the case of abetalipoproteinemia, is 
diagnostic. Endoscopic examination performed while 
the patient is consuming a normal fat diet reveals a 
white studded appearance of the intestinal mucosa. His-
tologic study of biopsied specimens shows distended 
enterocytes with a clarified cytoplasm that stains 
strongly positive with oil red O owing to the presence 
of intracellular neutral lipid.

The prognosis is good when the diagnosis is made 
early and the patient is maintained on the proper 
low-fat diet with adequate vitamin supplementation.
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individuals who do not respond or who cannot tolerate 
the dietary therapy, corticosteroid therapy is initiated. 
Improvement in symptoms usually occurs within a few 
weeks and then the dosage can be tapered; recurrence 
is common, however, and some patients require long-
term treatment. Eosinophilic gastroenteritis has a 
chronic waxing and waning course, and most patients 
require close follow-up and long-term maintenance 
treatment of some kind.

eoSInophIlIc gaStroenterItIS

Eosinophilic gastroenteritis is a rare primary eosino-
philic gastrointestinal disorder of unknown cause char-
acterized by the presence of an intense eosinophilic 
infiltrate in one or more gastrointestinal layers.

It can occur at any age but appears to be more 
common between the third and fifth decades, with a 
slight male preponderance. The worldwide prevalence 
is not known, but more than 300 cases have been 
reported in the literature.

The cause of eosinophilic gastroenteritis is not well 
understood. Several factors point to a hypersensitivity 
reaction triggered, perhaps, by a food or an environ-
mental allergen. More than half of patients have a 
history of asthma, eczema, or rhinitis, and peripheral 
eosinophilia and elevated IgE levels are seen in a sig-
nificant proportion. Moreover, the improvement seen 
with steroid therapy and with elemental diet supports 
the allergic component.

Eosinophilic gastroenteritis can affect any part of  
the gastrointestinal tract; the stomach, followed by the 
small intestine, is commonly involved. Based on the 
depth of involvement, the disease is classified as a 
mucosal, muscular, or subserosal type. The clinical pre-
sentation may vary, depending on the site of disease as 
well as the depth and extent of bowel wall involvement. 
The most common variety is mucosal disease, which 
presents with abdominal pain, nausea, vomiting, and 
diarrhea. Weight loss and anemia may be present with 
diffuse disease. Muscular infiltration presents with 
bowel wall thickening and impaired motility, whereas 
subserosal disease invariably causes ascites.

Peripheral eosinophilia is present in up to 80% of 
patients, more commonly associated with muscular or 
subserosal disease. Other laboratory features reflect fat 
and protein malabsorption that can develop and iron 
deficiency anemia with or without evidence of gastro-
intestinal bleeding.

Imaging of the gastrointestinal tract may allow  
detection of bowel thickening with muscular disease 
and confirm the presence of ascites; the findings are 
nonspecific, however, and serve to exclude other dis-
eases rather than make a diagnosis of eosinophilic 
gastroenteritis.

The diagnosis is confirmed by the demonstration of 
an abnormal eosinophilic infiltrate in an endoscopically 
guided biopsy of the intestinal mucosa or in a laparo-
scopically guided full-thickness biopsy of muscular or 
serosal tissue. Eosinophilia is also encountered in the 
ascitic fluid and can be a clue to the diagnosis in cases 
of new-onset unexplained ascites.

The diagnosis of primary eosinophilic gastroenteritis 
also requires a lack of involvement of other organs and 
an absence of other causes of intestinal eosinophilia.

Treatment of eosinophilic gastroenteritis is limited 
and involves dietary and immunosuppressive therapy. A 
trial of a diet in which six foods are eliminated (soy, 
dairy, nuts, wheat, eggs, and shellfish) or an elemental 
diet for at least 6 weeks is recommended for the initial 
treatment, but patient compliance is an issue. In 
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and a 24-hour stool collection are required to measure 
alpha-1 antitrypsin clearance. The presence of an ele-
vated alpha-1 antitrypsin level above the normal values 
is diagnostic; diarrhea can interfere with the test, and if 
a gastric source of the protein is suspected, the test 
should be performed while the patient is receiving anti-
secretory therapy.

The treatment of protein-losing enteropathy  
involves nutritional support and treatment of any 
underlying disorder. A diet rich in protein and low in 
fat is recommended. Supplementation of medium-
chain or long-chain triglyceride that is directly absorbed 
in the portal venous circulation, bypassing the intestinal 
lymphatics, provides extra energy and lessens lacteal 
congestion and lymph loss. Protein intake as high as 
3 g/kg/day may be required to achieve a positive protein 
balance.

cronkhIte-canaDa  
SynDrome anD other rare 
DIarrheal DISorDerS

CRONKHITE-CANADA SYNDROME

Cronkhite-Canada syndrome is a rare, nonfamilial  
gastrointestinal polyposis syndrome that commonly 
presents with diarrhea. It is characterized by hyperpig-
mentation, hair loss, and dystrophic changes in the fin-
gernails. Individuals of European and Asian descent are 
most frequently affected, but the syndrome has been 
reported in all ethnic groups. The cause is not known, 
but the frequent association with hypothyroidism,  
systemic lupus erythematosus, rheumatoid arthritis, 
and scleroderma suggests an autoimmune origin. The  
syndrome is characterized by development of innumer-
able polyps throughout the gastrointestinal tract  
except in the esophagus. The polyps are hamartomas; 
there is an increased risk of colorectal cancer (25%), 
however. Patients commonly present with diarrhea  
and weight loss accompanied by typical dermatologic 
manifestations that include hyperpigmentation and 
onychodystrophy. Management is largely supportive, 
with nutritional support, accompanied by antisecretory 
and antiinflammatory treatment. Immunosuppressive 
therapy with glucocorticosteroids and azathioprine has 
also been reported to ameliorate symptoms, but the 
duration of treatment is not known.

AUTOIMMUNE ENTEROPATHY

Autoimmune enteropathy is a rare malabsorptive disor-
der characterized by chronic diarrhea resulting from 
immune-mediated injury of the small intestinal mucosa. 
It presents more frequently in childhood but has been 
described in adults as well. The underlying cause is not 
well understood, but the disorder has frequent associa-
tions with immunoglobulin deficiencies and thymomas. 
The diagnosis is based on the presence of small intestinal 
villous blunting and circulating antienterocyte antibodies 
after exclusion of common malabsorptive disorders such 
as celiac disease. Immunosuppression is the mainstay of 
treatment and corticosteroids are commonly used; suc-
cessful treatment with other immunosuppressive agents 
such as cyclosporine, azathioprine, and even anti–tumor 
necrosis factor (anti-TNF) agents has been reported.

PROTEIN-LOSING ENTEROPATHY

Protein-losing enteropathy is a rare syndrome charac-
terized by excessive loss of serum protein into the gastro-
intestinal tract, resulting in hypoproteinemia and edema. 
Many intestinal and extraintestinal disorders can lead to 
protein-losing enteropathy, but the causes can be broadly 
grouped into erosive enteropathies, nonerosive enter-
opathies, and disorders involving mesenteric lymphatic 
obstruction or increased central venous pressure.

Erosive intestinal disorders include benign condi-
tions, such as Crohn disease and enteropathy related  
to use of nonsteroidal antiinflammatory drugs, and 
intestinal malignant diseases, such as lymphomas. A 
variety of intestinal disorders, such as celiac disease, 
Whipple disease, small intestinal bacterial overgrowth, 
and amyloidosis, can also lead to protein-losing enter-
opathy in the absence of mucosal erosions or ulcer-
ations. Lastly, impaired intestinal lymph drainage as a 
result of a primary disorder of intestinal lymphatics or 
a secondary cause such as constrictive pericarditis com-
monly presents as protein-losing enteropathy.

The diagnosis of protein-losing gastroenteropathy 
should be considered in patients with hypoproteinemia 
after exclusion of other, more common causes such as 
malnutrition and liver and renal diseases. Dependent 
edema is invariably present, and when severe, ascites 
and pleural effusion can develop.

The main laboratory findings are reduced serum 
concentrations of albumin, protein, γ-globulins, fibrin-
ogen, transferrin, and ceruloplasmin. Enteral protein 
loss can be confirmed by determining the clearance of 
alpha-1 antitrypsin from plasma. Alpha-1 antitrypsin is 
a protein synthesized in the liver and has a molecular 
weight similar to that of albumin. Several unique prop-
erties make it ideal as a test for protein-losing enteropa-
thy. It is neither actively secreted by nor absorbed in 
the intestine and resists proteolysis; therefore, it is 
excreted in the stool while still intact. A blood sample 
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distal terminal ileal stricture.
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crohn DISeaSe

In the United States, approximately 1.5 million indi-
viduals have Crohn disease. Crohn disease is one disease 
in a larger group of inflammatory bowel disorders, 
which includes ulcerative colitis, indeterminate colitis, 
and microscopic colitis. Crohn disease is a progressive 
illness characterized by transmural inflammation within 
the digestive tract that may occur anywhere from 
mouth to anus. Skip lesions of normal and inflamed, 
“cobblestoned” mucosa describe its classic luminal 
appearance. The phenotype is characterized by the dis-
ease’s severity, site, and type of manifestation, whether 
inflammatory, fibrostenotic, or fistulizing.

Historically, a bimodal peak in age of onset between 
15 and 40 years and 50 and 80 years has been observed. 
Individuals of Jewish descent have a higher incidence of 
inflammatory bowel disorder compared with the non-
Jewish population. The incidence is lower in African 
Americans and Latin American populations compared 
with white populations. There is a slight female pre-
dominance in patients who are diagnosed at an early age. 
This may be due to gender-specific hormonal changes, 
though this is not completely understood.

Individuals with a first-degree relative with Crohn 
disease have a risk up to 20 times greater of developing 
an inflammatory bowel disorder phenotype. Monozy-
gotic twin studies indicate that genetics may contribute 
more to Crohn disease than to ulcerative colitis, with 
concordance rates of 50% versus 19%, respectively. 
Indeed, genome-wide association studies have been 
critical in identifying more than 160 susceptibility loci 
for inflammatory bowel disorders. Many signaling 
pathway defects in the innate immune system, autoph-
agy pathway, and major histocompatibility complex 
have been identified as contributing to the pathogene-
sis. For instance, patients with Crohn disease who have 
a NOD2 (CARD 15) gene mutation exhibit a risk of ileal 
disease that is higher than those who lack the mutation. 
Up to 20% of the general population carry this  
mutation and do not have underlying Crohn disease, 
however.

Indeed, there is considerable genetic variability 
between and within different Crohn disease pheno-
types. Hence, because twin studies have not demon-
strated a 100% concordance, there has been increasing 
inquiry into the contribution of diet and the environ-
ment to disease pathogenesis. Several studies demon-
strate that Western diets high in processed foods, 
refined sugars, and fried foods and low in sources of 
vegetables and fruits are associated with an increased 
risk for inflammatory bowel disorders. Whereas inflam-
matory bowel disorders in developing nations were rare 
in the past, major cities in such nations now demon-
strate an increased or equal incidence of the disorders, 
possibly owing to expansion of Western diets into these 
regions. Recently, consuming a pescovegetarian diet has 
been associated with a decreased trend toward flares 
and may thus exhibit antiinflammatory value.

Many of the aberrant signaling pathways elucidated 
through genome-wide association studies also demon-
strate improper innate immune system interpretation 
of bacterial antigens within the intestinal lumen. Taken 
together, these studies suggest that genetically predis-
posed individuals may improperly interpret normal 
intestinal luminal antigens, made up of bacteria and/or 
dietary components, and instead immunologically react 

by increasing inflammatory cell activity within the 
intestine, leading to inflammatory bowel disorders.

Symptoms of Crohn disease are inherently variable, 
depending on the severity, location, and complications 
of the disease. Abdominal pain, diarrhea, lethargy, 
malaise, fatigue, and unintentional weight loss are 
common. The diarrhea is generally nonbloody, in con-
trast to the overtly bloody diarrhea of ulcerative colitis. 
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In children, malabsorption from Crohn disease presents 
with growth failure, weight loss, or micronutrient defi-
ciencies (vitamins A, B12, D, and E, and zinc).

At initial diagnosis, most Crohn disease patients will 
exhibit mucosal inflammatory disease. Approximately 
one third of patients have focal ileal inflammation, up 
to 20% have colitis alone, and at least half have ileoco-
lonic involvement. Nearly 75% to 80% of patients will, 
at some point, have small bowel involvement. Oral and 
gastroduodenal lesions are most of the rare upper intes-
tinal Crohn disease manifestations (5%). One third of 
patients exhibit perianal disease. Fistulas may also occur 
elsewhere, as detailed below.

Over time, uncontrolled transmural inflammation 
will result in fibrosis, leading to fibrostenotic stricture 
or fistulous disease. Natural history studies demonstrate 
that 20 years after the diagnosis of Crohn disease, more 
than 50% of patients develop a stricture of 25% in the 
small bowel and of 10% in the colon. Obstructive 
symptoms may ensue, or sometimes, the back pressure 
from stenosis may prompt the development of a sec-
ondary fistula proximal to the obstruction. Stenotic 
lesions may be fibrotic or inflammatory. The former 
may require serial endoscopic balloon dilatation, 
whereas the latter may respond to antiinflammatory 
medication. Failure to respond and/or clinical signs and 
symptoms of obstruction may warrant segmental bowel 
resection.

Approximately 20% to 50% of patients will develop 
predominant fistulizing (penetrating) disease. Over half 
of these will be perianal in location, with one quarter 
characterized as enteroenteric and around 10% as rec-
tovaginal. Notably, fistulas can extend from any loop of 
bowel to any other visceral, peritoneal, or cutaneous 
surface. This may result in simple or complex abscesses 
necessitating seton placement, surgery, or radiologically 
guided drainage. Regardless, the symptoms can be  
devastating and challenging to treat.

Importantly, extraintestinal manifestations of inflam-
matory bowel disorders provide important insights, 
because they may precede the symptoms of a flare or 
herald uncontrolled disease activity.

Extraintestinal manifestations that may correlate 
with disease activity include uveitis, oral aphthous 
ulcerations, erythema nodosum, and an asymmetric 
peripheral arthropathy affecting the large joints of the 
periphery. Multiple organ systems can be associated 
with inflammatory bowel disorders independent of 
colitis activity.

Ophthalmic disease additionally involves episcleritis, 
keratopathy, and corneal ulcers that may require topical 
corticosteroids. Half of patients will have asymptomatic 
but aberrant pulmonary function tests. However, inter-
stitial lung disease, pulmonary fibrosis, and vasculitis 
can occur. Ileal disease promotes fat malabsorption, 
resulting in excess intestinal calcium reabsorption that 
ultimately precipitates with oxalate in the kidney, 
causing nephrolithiasis and pyelonephritis. Additional 
cutaneous lesions include pyoderma gangrenosum, 
Sweet syndrome, and rare primary cutaneous Crohn 
disease without intestinal involvement. Nutrient 

malabsorption results in secondary cutaneous lesions, 
such as glossitis (with B complex deficiency) or acro-
dermatitis enteropathica (with zinc deficiency). Auto-
immune (vitiligo) or atopic (psoriasis) lesions may be 
associated, too. Other musculoskeletal manifestations 
include hypertrophic osteoarthritis with clubbing,  
sacroiliitis, or spondyloarthropathies. Elevated liver 
enzymes may herald primary sclerosing cholangitis, 

although it is more commonly observed in ulcerative 
colitis than Crohn disease.

Laboratory studies may demonstrate iron deficiency 
anemia from chronic intestinal losses or megaloblastic 
anemia from vitamin B12 malabsorption due to ileitis. 
Serologic inflammatory markers such as the sedimenta-
tion rate and C-reactive protein levels are nonspecific 
but may be elevated. Elevated fecal calprotectin is 
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consistent with inflammation specific to the intestine, 
although bacterial infections and use of proton pump 
inhibitors or nonsteroidal antiinflammatory drugs may 
falsely elevate this value. Notably, low vitamin D levels 
have been associated with severity of disease and may 
have an immunologic role in disease pathogenesis.

Upper or lower gastrointestinal tract x-rays with  
contrast are employed for macroscopic assessment  
for intestinal stricture or rectovaginal fistula. Cross-
sectional imaging is initially preferred, however. CT 
scans afford excellent imaging but result in unaccept-
able cumulative radiation exposure, increasing the risk 
of secondary malignant disease. For this reason, MRI is 
preferred. Magnetic resonance enterography is a highly 
sensitive assay for the assessment of small bowel inflam-
mation, stricture, and fistulous disease.

Colonoscopic investigation aids ileal surveillance and 
may demonstrate deep, cratered ulcers consistent with 
Crohn disease. Pseudopolyps are not adenomatous but 
signify prior inflammation as the natural disease activity 
waxes and wanes throughout life. Wireless video capsule 
endoscopy affords valuable small bowel surveillance  
for Crohn disease sequelae. Notably, individuals with 
known stenosis are not appropriate candidates for 
capsule endoscopy. Histologic studies demonstrate 
crypt abscesses and cryptitis with a focal, transmural 
inflammatory infiltrate of neutrophils, plasma cells, and 
lymphocytes within the mucosa and submucosa. Gran-
ulomas are neither necessary for nor pathognomonic 
for diagnosis. Tuberculosis should be excluded, espe-
cially in those with ileal disease.

Because unchecked colitis increases the risk of 
surgery, malignant disease, and worsened morbidity, 
luminally active Crohn disease warrants immunosup-
pression. Systemic corticosteroids have been employed 
in inducing mucosal remission. The resulting steroid 
dependency also causes untold suffering via the conse-
quences of chronic steroid use (e.g., infection, avascular 
necrosis, hirsutism, acne, adrenal insufficiency). There-
fore, noncorticosteroid regimens were developed. 
Although they were initially employed in Crohn disease, 
oral and rectal mesalamine therapies are ineffective at 
inducing remission; they do have efficacy in ulcerative 
colitis. Immunomodulators such as methotrexate, aza-
thioprine, and 6-mercaptopurine are used to maintain 
remission once it is achieved. Several biologic antibod-
ies have been developed to quench key signaling factors 
in the inflammatory pathway. Among these are anti–
tumor necrosis factors, anti–alpha-4/beta-7 integrins 
(vedoluzimab), and anti–interleukin-12 or 23 agents. 
Numerous other agents are in development, including 
novel oral agents. Biologic agents alone or in combina-
tion with immunomodulators have demonstrated effi-
cacy in inducing remission and promoting fistula 
closure in biologically naïve patients. Quinolone and 
metronidazole antibiotics are used in the setting of peri-
anal fistulizing disease but are not intended for indefi-
nite therapy.

Recalcitrant disease often responds to diversion, 
resulting in mucosal healing. Surgical resection of 
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EXTRAINTESTINAL MANIFESTATIONS IN CROHN DISEASE

diseased segments of intestine may improve the quality 
of life drastically but typically suggest the need for future 
surgical interventions due to recurrent disease. Hence, 
early biologic immunosuppression is recommended to 
prevent insidious inflammation and consequences of 
recurrent disease in the form of stricture and/or fistula 
in the future. Tobacco use is discouraged because it 
increases Crohn disease flares, prevents wound healing, 
and can help promote the development of stricture.

Numerous quality measures have been established as 
goals in inflammatory bowel disorders. These include 

annual tuberculosis assessment, hepatitis B screening 
prior to anti–tumor necrosis factor induction, initiation 
of corticosteroid-sparing agents, prophylactic immuni-
zation (pneumococcal/influenza), bone density assess-
ment and supplementation, vitamin D supplementation, 
tobacco cessation education, venous thromboembolism 
prophylaxis, and ruling out of Clostridium difficile 
infection during flares. Interdisciplinary coordination 
between adult and pediatric transitional providers, sur-
geons, social workers, dieticians, ostomy nurses, and 
psychiatrists optimizes the overall quality of care.
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TYPHOID FEVER: TRANSMISSION AND PATHOLOGIC LESIONS

1. Ingestion

3. Via thoracic duct to bloodstream

4. General circulation

Carrier

Spleen

Kidney

Gallbladder

5. Peyer patches
    of ileum

6. Excreted 
 in stool 
     (and urine)
Contaminated 
stool (and urine)

Contaminated 
waterContaminated 

food

Food 
handlers

2. Absorbed
 into 
 mesenteric 
 lymphatics

Flies

Early stage: Peyer patches
of ileum swollen and inflamed

Advanced: slough cast off;
ulcer base on muscularis

Perforation

typhoID fever

In popular culture, the potential devastation of typhoid 
fever has been best illustrated by the story of Typhoid 
Mary, also known as Mary Mallon, the personal chef to 
numerous affluent families in the greater New York 
City area in the early 20th century. She was an asymp-
tomatic chronic carrier of the Salmonella enterica serotype 
typhi (previously, S. typhi) and caused approximately 50 
deaths as she moved between families, rejecting the 
notion that she had a role in their demise. She spent 
the bulk of her last 30 years of life in and out of 
quarantine.

Indeed, S. enterica serotype typhi is uncommon in the 
United States, with only 200 to 300 cases reported 
annually. Most of these cases occur in travelers return-
ing from endemic countries, such as those in southern 
Africa, southern and central Asia, southeast Asia, Latin 
America, and the Caribbean region. Globally, approxi-
mately 6 million annual cases are reported. Because 
human beings are the sole vector for S. enterica typhi, it 
is not surprising that the highest frequency of illnesses 
and outbreaks occurs in the endemic areas, in which 
people are often underprivileged, populations are 
dense, and public sanitation programs are suboptimal. 
Salmonella enterica serotype paratyphi A, B, and C cause 
similar illnesses. Discernment between S. typhi and S. 
paratyphi is of little clinical practicality because both are 
identically managed.

In various interviews, Typhoid Mary related that she 
did not wash her hands because she did not believe she 
was a risk to others. Unfortunately, the organism is 
spread via the fecal-oral route and optimal hygiene is 
paramount to preventing transmission. The organism 
must survive the caustic gastric environment before 
invading the small bowel, where it is spread systemically 
via hematogenous and lymphatic routes. The higher 
the infectious load, the greater the symptoms.

A characteristic temporal pattern of illness ensues. 
The incubation period may range from 5 days to 3 weeks 
initially, manifesting with fever due to bacteremia, bra-
dycardia, and chills. During the second week of disease, 
submucosal tissue hypertrophy manifests as diffuse 
abdominal pain. Also, characteristic rose spots, described 
as salmon-colored macules, are distributed across the 
abdomen and upper torso. Dissemination during the 

third week manifests with hepatosplenomegaly. At this 
stage, progressive submucosal and lymphatic tissue 
hyperplasia may advance to tissue necrosis, presenting 
with intestinal bleeding and ileal perforation. The latter 
is more common in adults than children and can be 
potentially fatal if prompt medical and surgical inter-
ventions are not established. Though headache is a  
frequently reported symptom, nausea and vomiting, 
interestingly, are not. Also, individuals may experience 

either diarrhea or constipation with equal frequency, 
though this dichotomy is not clearly understood. In 
some individuals, patients may develop delirium (typhoid 
encephalopathy). Other extraintestinal manifestations of 
disease are infrequent but may include disease of the 
cardiovascular, respiratory, musculoskeletal, hepatobili-
ary, and central nervous systems and genitourinary tract.

Even with treatment, symptoms may last for weeks 
to months, with 1% to 5% of individuals developing a 
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screened for nalidixic acid resistance, which has been 
associated with reduced fluoroquinolone susceptibility. 
In these individuals, azithromycin, beta-lactams, and 
chloramphenicol have demonstrated good clinical  
efficacy. Remarkably, relapse can occur even in healthy, 
nonimmunocompromised patients 2 to 3 weeks fol-
lowing acute infection. Patients should be monitored 
closely even after they have demonstrated signs of 
improvement.

chronic carrier state. This is defined as identification of 
S. enterica typhi within urine or stool more than 12 
months after established acute infection. Notably, the 
gallbladder is a known nidus for chronic colonization; 
this development may be an independent risk factor for 
gallbladder carcinoma. Hence, individuals with recur-
rent infection may warrant cholecystectomy. Interest-
ingly, Schistosoma bladder infection increases the risk of 
an S. enterica typhi chronic carrier state, suggesting a 
synergistic parasite-bacteria relationship. Mechanical 
defects in the genitourinary tree due to prostatic hyper-
plasia, urolithiasis, or stricture are also associated with 
a chronic carrier state. Notably, individuals with C282Y 
homozygous hemochromatosis are resistant to Salmo-
nella infection, but of course are very susceptible to 
infection with Vibrio species.

The diagnostic value of the Widal test, a serologic 
agglutination test commonly performed in endemic 
countries, suggests previous exposure and does not 
equivocate to active infection. The Tubex test has not 
demonstrated superiority to the Widal test. Diagnostic 
blood cultures may take several days to become posi-
tive. Hence, the clinical history and physical examina-
tion are key to the initiation of life-saving antibiotics. 
Nevertheless, successful culture does remain the cor-
nerstone of both successful diagnosis and guidance of 
antibiotic selection, especially if there is antibiotic resis-
tance afoot. Urine, stool, and even rose spots may be 
cultured. The most sensitive tissue source for diagnosis 
remains the bone marrow. Whereas blood cultures may 
return with negative results after several days of infec-
tion, bone marrow culture may be positive in up to 50% 
of cases.

Other diagnostic clues include the presence of leu-
kopenia or anemia. Leukocytosis during the third week 
of disease may herald ileal perforation. Elevated liver 
enzymes can often be high enough to suggest viral 
hepatitis, making the diagnosis challenging. Cerebro-
spinal fluid assays in those with mental status changes 
are often frustratingly normal.

In individuals who are thought to have contracted  
the organism in a nonendemic area, fluoroquinolones 
given for 7 to 10 days are a reasonable option. For 
individuals thought to have acquired infection from 
an endemic source, the culture isolates should be 
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Two live vaccines exist, one oral and one parenteral, 
but neither provides protection against S. paratyphi A 
or B. Also, neither is completely effective at preventing 
S. enterica serotype typhi infection. Travelers to endemic 
regions are strongly encouraged to be vaccinated  
unless they are pregnant or immunocompromised. As 
Typhoid Mary has demonstrated, hand washing and 
good hygiene and sanitation methods are essential to 
preventing deadly outbreaks of infection.

typhoID fever (Continued)
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secretion via the enteric nervous system and leads to 
electrolyte abnormalities. Transaminitis is an uncom-
mon “red herring” effect, similar to celiac disease, 
caused by increased reabsorption via the damaged villi 
in the enterohepatic circulation. Diagnosis is generally 
a clinical decision, although assays based on polymerase 
chain reaction testing exist to identify the virus. Rare 
manifestations of rotavirus causing seizures and neona-
tal necrotizing enterocolitis have been reported. Infant 
rotavirus vaccination should be strictly maintained.

Over 50 subgroups of adenoviruses have been identi-
fied so far, with disease manifested most famously in  
the respiratory tree but extending to numerous organ 
systems. Specifically, subgroup F viruses make up the 
enteric-specific adenoviruses. These rarely affect adults 

InfectIouS enterItIS

Infectious enteritis is a common worldwide illness with 
a multitude of underlying pathogens at play. The 
majority of infectious diarrheal diseases are acute in 
onset duration (< 2 weeks). Globally, acute enteritis is 
the fifth leading cause of death across all ages. Innumer-
able studies demonstrate that approximately 70% to 
75% of acute diarrhea cases are viral in cause. Previ-
ously, culture techniques could not isolate most bacte-
ria. With the advent of deep 16S ribosomal polymerase 
chain reaction sequencing techniques, genetic signa-
tures can now identify bacteria, so it is not necessary to 
rely on tedious culture techniques. These technologies 
have isolated a bacterial source in approximately 15% 
of acute enteritis cases. Protozoal organisms are respon-
sible for a lesser fraction of these cases.

In underprivileged nations, overcrowding, poor sani-
tation, and a growing prevalence of human immunode-
ficiency virus (HIV) infections help propagate infectious 
causes and fuel worldwide mortality rates. In contrast, 
developed nations exhibit low mortality rates because 
medical resources are more readily available. In these 
developed nations, infectious diarrhea still accounts for 
a significant amount of morbidity and health care 
expenditure; accurate diagnosis and prompt manage-
ment are therefore of utmost importance.

Several viral culprits have been elucidated, including 
norovirus, rotavirus, adenovirus, and astrovirus. Viral 
gastroenteritides classically exhibit short prodromes of 
fever, vomiting, and self-limited watery, nonbloody 
diarrhea. These viruses are generally spread via fecal-
oral contamination. Notably, norovirus and enteric 
adenovirus can also be aerosolized.

Of the five genera of caliciviruses (named for their 
physical cuplike depressions), two are known causes of 
human gastroenteritis: norovirus and sapovirus. Noro-
virus is notoriously known as a cause of epidemic diar-
rhea on cruise ships but is a factor in outbreaks in any 
facility in which people exist in close quarters, such as 
schools and dormitories. Though the disease may occur 
throughout the year, a peak has been noted in the 
winter months. It demonstrates a short incubation 
period of 1 to 2 days, followed by acute onset of nausea, 
vomiting, and a high-volume, noninflammatory, non-
bloody diarrhea. No enterotoxin unique to norovirus 
has been isolated, but marked jejunal villous blunting 
and impairment of brush-border enzymes has been 
observed that reverts after approximately 2 to 3 weeks 
following the onset of symptoms. Symptoms can last 
anywhere from 2 to 4 days. Upon resolution of symp-
toms, marked reflux, dyspepsia, and, paradoxically, con-
stipation have occurred.

Sapovirus has a clinical presentation similar to that 
of norovirus. Whereas norovirus is not thought to dis-
criminate based on age, sapovirus may have a predilec-
tion for children. Diagnostically, polymerase chain 
reaction testing is superior to immunoassays in regard 
to severity, but caution must be used in interpreting 
positive tests because asymptomatic carrier states are 
commonly observed. As always, positive tests should be 
interpreted in the context of clinical symptoms.

Rotavirus has a minimum 2-day incubation period 
and infamously affects infants and toddlers, leading to 
severe dehydration with shedding known to last up to 
2 weeks. Rotavirus can cause villous blunting with sub-
sequent loss of brush-border enzymes (lactase, maltase, 
sucrase), resulting in severe osmotic diarrhea. Distinct 
rotavirus proteins have been isolated that cause the 
patchy mucosal inflammation observed on endoscopy 
that stimulates an increase of intraluminal fluid 
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but commonly affect children younger than 2 years of 
age. The viruses may be transmitted via droplet aero-
solization or fecal-oral contamination or may exist on 
fomites resistant to typical disinfectants. A minimum 
incubation period of 7 to 10 days is typical before the 
onset of diarrhea, which can last for 1 to 2 weeks. Anti-
viral agents are rarely required. In contrast to norovirus 
disease, enteric adenovirus diarrhea generally does not 
present with significant vomiting. Enteric adenoviruses 
are the second most common agents, after rotaviruses, 
in causing acute diarrhea in children. They may be 
distinguished with a dedicated enzyme-linked immuno-
sorbent assay kit.

Astroviruses generally affect children, though  
there have been cases in adults, in whom a much milder 
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vomiting, diarrhea, fever, and abdominal cramping. 
Bacteremia has been reported in less than 5% of cases, 
manifesting as osteomyelitis, myocarditis, endovascular 
infection (e.g., mycotic aneurysms), and hepatobiliary 
and respiratory infections. Fortunately, the diarrhea is 
self-limited, lasting between 5 and 10 days. Antibiotics 
are not indicated unless infection is severe or complex. 
In fact, they may prolong the carrier state and result in 
relapse.

During the World Wars, an aseptic reactive arthritis 
was recognized secondary to immune cross-reactivity 
from bacteremia with Campylobacter, Salmonella, and 
Shigella. Also recognized were manifestations of 
conjunctivitis, mucocutaneous disease, and urethritis/
cervicitis. Interestingly, up to 30% of Guillain- 
Barré patients have a history of Campylobacter jejuni 

diarrheal presentation has been reported. The astro-
virus incubates for 3 to 4 days, with diarrhea usually 
lasting up to 3 days. Again, polymerase chain reac-
tion testing is more sensitive than immunoassays in  
identifying specific isolates.

In acute viral gastroenteritis, antibiotics are not  
advocated. Management should focus on aggressive 
intravenous fluid hydration and/or oral rehydration 
solutions (e.g., Pedialyte, coconut water, WHO oral 
rehydration solution). Symptomatically, antimotility 
agents (e.g., loperamide) and antiemetics may be used.

Bacterial pathogens are abundant and should cer-
tainly be considered when the diarrhea is particularly 
severe in regard to abdominal pain, volume depletion, 
or presence of blood. Standard cultures will test for the 
most common bacterial causes of enteritis, such as 
Campylobacter, Salmonella, and Shigella. Dairy and meat 
products contaminated with Campylobacter, Salmonella, 
or Shigella dysenteriae are associated with high incidence 
rates during the summer months.

Campylobacter jejuni and Campylobacter coli cause iden-
tical infectious presentations and are detected in con-
taminated water, poultry, and dairy products. Abdominal 
pain may be diffuse or localized to the right lower 
quadrant, simulating appendicitis. Most patients will 
experience diarrhea lasting up to 1 week, though some 
may not have diarrhea. Bloody diarrhea may ensue 
several days into the infectious cycle but will promptly 
clear. The bacteria may continue to be shed for up to 
1 to 2 months following resolution of symptoms. 
Immunocompromised individuals may have atypical 
complications of Campylobacter enteritis, including 
extension into colitis, cholecystitis, pericarditis, and 
peritonitis. Other extraintestinal complications may 
occur, as detailed below.

Salmonellae are divided into organisms that cause 
typhoid fever (discussed separately) and those that do 
not. Diseases caused by the group of nontyphoidal  
Salmonellae manifest with gastroenteritis. There are 
numerous genera adapted to infection primarily in 
animals that may cause rare human disease (Salmonella 
dublin in cattle, Salmonella choleraesuis in pigs). Salmo-
nella enteritidis and Salmonella typhimurium, found in 
mice and poultry, may colonize and/or cause gastroen-
teritis in humans. Salmonellosis generally results from 
contaminated foodstuffs, such as egg yolks, vegetables, 
or peanut butter, and even contact with reptilian 
animals, such as turtles, lizards, and snakes. When 
present in an encouraging medium such as meat or 
dairy products, Salmonella may persist for months and 
still cause infection. Mass recalls of contaminated food 
products are not uncommon.

Salmonellae have a unique ability to bypass the acidic 
environment of the stomach prior to colonizing the 
small intestinal tract, where the normal enteric micro-
biome serves a protective role by competing for villous 
binding sites, producing locally toxic fatty acids, secret-
ing antibacterial peptides, and jockeying for nutrition. 
Hence, antibiotics may have a deleterious role in ablat-
ing these protective microflora, resulting in disease that 
is more symptomatic. Interestingly, Salmonellae can 
influence enterocytes to endocytose them, promoting 
invasion. Though an endotoxin has been identified, 
only a small fraction of Salmonella agents produce and 
secrete the toxin. The inflammatory response is incom-
pletely understood, but it is clear that Salmonella is able 
to direct neutrophil traffic to the intestine to ultimately 
cause diarrhea. The symptoms, however, are similar to 
those of other causes of acute diarrhea, namely, nausea, 
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infection due to antibody cross-reactivity to human 
neurogangliosides.

Vibrio cholerae and Shigella are common causes of 
diarrheal epidemics, though the latter primarily causes 
colitis. V. cholerae is found in fecally contaminated 
bodies of water or transmitted directly via the fecal-oral 
route. Consumption of fish and shellfish from contami-
nated aquatic reservoirs is not uncommon. V. cholerae 
possesses virulence factors allowing successful coloniza-
tion of the small intestine; this stimulates secretion of 
a potent cholera toxin and leads to uninhibited adenyl-
ate cyclase stimulation and luminal chloride secretion, 
resulting in massive volume loss. The incubation period 
varies in regard to the quantity of ingested inoculum 
but can last anywhere from 1 to 5 days. The subsequent 
voluminous diarrhea may take on the appearance of 
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leads to nausea and vomiting and rarely diarrhea. S. 
aureus may contaminate dairy products, eggs, meat, and 
produce; when these foods are left at normal room 
temperature, bacteria may rapidly proliferate and syn-
thesize the toxin. Onset of symptoms within 1 to 6 
hours eventually produces severe upper intestinal 
symptoms that resolve spontaneously. B. cereus also pro-
duces an enterotoxin commonly found in leftover or 
“take-out” rice; the temporal onset and symptom sever-
ity are the same as with S. aureus.

Protozoal causes of acute enteritis include Cryptospo-
ridium, Giardia, Cystoisospora, Microspora, and Cyclospora. 
Cryptosporidium and Giardia are the most common pro-
tozoal enteric parasites. Unlike Giardia, Cryptosporidium 
hominis is an intracellular protozoal parasite that causes 
a self-limited diarrhea in healthy hosts and sometimes 

“rice water” and have a malodorous fishy odor. Aggres-
sive volume repletion is critical. V. cholerae responds 
well to fluoroquinolones, macrolides, and tetracycline 
antibiotics.

Escherichia coli has numerous strains of which the fol-
lowing are known to contribute to enterically mediated 
diarrheal illness. Enterotoxigenic Escherichia coli (ETEC) 
is the most common bacterial cause of acute enteritis in 
developing nations and the most predominant cause of 
travelers’ diarrhea. Poor sanitation with contaminated 
water supplies is to blame. After a brief incubation 
period, voluminous watery diarrhea may begin and last 
from 1 day to 1 week. ETEC produces heat-labile toxins 
similar to those of cholera; they stimulate adenylate 
cyclase and increase intracellular cyclic adenosine 
monophosphate, which increases intraluminal chloride 
secretion and inhibits sodium chloride absorption, 
resulting in a net movement of fluid into the lumen and 
creating the watery diarrhea. ETEC also synthesizes a 
heat-stabile toxin that works by stimulating cyclic gua-
nosine monophosphate to effect this same electrolyte 
shift. Enteropathogenic E. coli (EPEC) agents are novel in 
that they do not secrete toxin but directly adhere to the 
enterocyte, by which means they can introduce their 
own proteins that change signal transduction within the 
cell. This intracellular cascade changes intercellular and 
tight junction permeability, increasing electrolyte and 
water secretion into the lumen and producing severe, 
dehydrating watery diarrhea. Polymerase chain reaction 
assays can assess for ETEC toxin genes and the EPEC 
adherence factor gene. Enteroaggregative E. coli (EAEC) 
is a cause of diarrheal outbreaks in both developing and 
developed nations. It is so named because it was observed 
that it had a proclivity for binding to HEp- 2 cells in 
tissue culture adherence assays. EAEC synthesizes a 
unique cytotoxin that causes mucosal tissue disruption. 
The diagnosis is made via tissue culture adherence assay 
alone. Enterohemorrhagic E. coli (EHEC), which includes 
Escherichia coli species O157:H7 and O104:H4, is com-
monly associated with contaminated beef and other 
fecally contaminated products (e.g., raw milk, vegeta-
bles, and fruits). EHEC produces Shiga toxin, which 
damages the vascular endothelium. It may begin as non-
bloody diarrhea but evolve into hemorrhagic enteritis 
and colitis. The ensuing inflammatory cascade precipi-
tates a microangiopathic hemolytic anemia and acute 
kidney injury known as hemolytic-uremic syndrome. This 
may not occur until 7 to 10 days after the bacteria  
have been naturally cleared by the immune system;  
this fact explains the ineffectiveness of antibiotics in 
ameliorating this condition. Antibiotics may precipitate 
hemolytic-uremic syndrome and are generally avoided.

Aeromonas species survive in fresh-water bodies and 
chlorinated or polluted water supplies, making them 
hardy organisms. Diarrhea ranges from watery,  
secretory choleretic-like diarrhea to bloody, mucusy, 
dysenteric-like diarrhea. Though Aeromonas will grow 
on routine microbiologic media cultures, it is not  
routinely distinguished from other normal flora. Alert 
the microbiology laboratory if clinical suspicion  
exists for Aeromonas, so that specific appropriate iden-
tification protocols may be implemented. Antibiotics 
are generally unnecessary, but fluoroquinolone and 
trimethoprim-sulfamethoxazole may be reasonable if 
clinically necessary. If the infection is acquired abroad, 
this may affect its resistance pattern, and these antibiot-
ics may not be efficacious.

Organisms such as Staphylococcus aureus and Bacillus 
cereus possess a preformed toxin that more commonly 
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Toxins produced in food before ingestion

a chronic diarrheal scenario in immunocompromised 
patients. Fecally contaminated drinking water or recre-
ational pool water commonly acts as a reservoir for 
transmission. Fecal-oral contamination amongst house-
hold members or anal-oral intercourse between part-
ners are other modes of transmission. Excystation  
of oocysts frees four banana-shaped sporozoites,  
which attach to the small bowel epithelium. These spo-
rozoites mature into meronts, which eventually invade 
and reinvade host cells. New oocysts are formed, which 
are expelled luminally into the stool to begin the cycle 
once again. Fatigue, lethargy, abdominal cramping, 
nausea, and diarrhea of variable severity ensues 1 to 2 
weeks later. Organisms may luminally invade the hepa-
tobiliary tree and cause symptoms of hepatitis, pancre-
atitis, cholecystitis, or cholangitis owing to stricture, 
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(5 microns) is much smaller than Cyclospora (10 microns). 
A short course of trimethoprim-sulfamethoxazole or 
nitazoxanide results in prompt diarrheal resolution.

It is worthwhile to note that some bacterial (e.g., 
Salmonella, Campylobacter) and protozoal organisms 
(Giardia, Cryptosporidium) may rarely enter a chronic 
diarrheal phase. Though uncommon in healthy patients, 
this consideration should be made in immunocompro-
mised populations. A postinfectious irritable bowel syn-
drome may sometimes result, though this is a diagnosis 
of exclusion.

Routine stool cultures will not detect all pathogens. 
Instead, careful history taking and an understanding  
of the risk factors for these pathogens are required  
in order to direct assessment for the appropriate  

occurring more commonly in immunocompromised 
individuals (e.g., patients with acquired immunodefi-
ciency syndrome [AIDS]). Because of the need for mul-
tiple samples, immunoassay has supplanted microscopy 
as the test of choice for its ease of use and convenience. 
Nitazoxanide is generally effective at clearing the infec-
tion. AIDS patients should undergo immune reconsti-
tution with antiviral therapy to help clear the infection. 
Giardia infection is discussed separately.

Cystoisospora belli (formerly, Isospora belli) is an oppor-
tunistic protozoan that exists as a sporulated oocyst in 
fecally contaminated food and water supplies. The 
microbes must exist outside the host to undergo suc-
cessful sporulation after 1 to 2 days. Upon ingestion, 
the sporulated oocysts invade the small and large bowel 
epithelial cells to complete their life cycle and once 
again be reexcreted into the host lumen. Intestinal 
biopsies reveal an inflammatory infiltrate, blunted villi, 
and crypt hyperplasia. Stool microscopy will demon-
strate thin-walled ellipsoidal oocysts. The secretory 
diarrhea that results can cause significant dehydration, 
with prerenal kidney injury and electrolyte abnormali-
ties. The disease course is typically self-limited. Treat-
ment is reserved for individuals with severe dehydration, 
unrelenting disease, or immunocompromise. A regimen 
of 7 to 10 days of trimethoprim-sulfamethoxazole is 
effective.

Microsporidium is a poorly understood intracellular 
spore-forming organism, with over 1300 species identi-
fied. Fourteen of these are known to consistently infect 
humans, particularly those afflicted with AIDS. Entero-
cytozoon bieneusi and Encephalitozoon species are the most 
commonly identified pathogenic organisms. Spores 
have been observed in respiratory, fecal, and urine 
specimens and may be inhaled or ingested. The spores 
use their polar filament to inject their nucleus inside a 
host cell, where replication occurs with development of 
multinucleated plasmodial forms that eventually are 
violently expelled from the host cell, only to infect 
adjacent cells. In this fashion, they may invade the small 
intestinal and biliary mucosa. Small intestinal villous 
blunting, architectural distortion, and crypt hyperplasia 
are observed, which potentiate malabsorption and 
secretory mechanisms of diarrhea. Extraintestinal infec-
tion of the brain, eyes, and muscles has been reported 
in healthy patients; AIDS patients have more severe 
presentations. The patchy nature of the affected small 
bowel mucosa makes endoscopic biopsy insensitive. 
However, light microscopy and trichrome staining are 
successful at detection. Most infections will respond to 
a short course of albendazole; E. bieneusi is resistant to 
this organism, however, and may require a macrolide or 
tetracycline.

Cyclospora cayetanensis is an obligate intracellular para-
site that is passed in a noninfective state in the stool and 
is only known to be pathogenic in humans. C. cayeta-
nensis awaits in hot, humid climates in order to undergo 
sporulation. Hence, an increased incidence in tropical 
climates such as those of Southeast Asia, India, and 
Latin America is observed. Once the organism has 
sporulated, its ingestion in contaminated water or food-
stuffs leads to excystation within the intestinal tract and 
the release of sporozoites, which infiltrate the epithelial 
cells, where they undergo replication. Acute watery 
diarrhea, fatigue, anorexia, and weight loss are common. 
Stool microscopy will identify the oocysts, although 
they may be confused with Cryptosporidium; they must 
be distinguished based on size, because Cryptosporidium 
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organisms by the microbiology department. Poly-
merase chain reaction testing and immunoassay  
have made detection much easier. However, some 
organisms still require multiple stool microscopy speci-
mens to ensure detection. Assessment of ova and para-
sites should not be ordered routinely but should  
be reserved for the clinical settings where the patient 
may be immunocompromised, immunosuppressed, or 
chronically ill.

Prevention is key in many of these illnesses. It begins 
with promoting adequate breast feeding to ensure 
maternal-infant transfer of immunoglobulins. Availabil-
ity of modern sanitation methods and frequent hand-
washing promote optimal hygiene to reduce fecal-oral 
transfer of many illnesses.

InfectIouS enterItIS (Continued)



 Lower Digestive Tract: PART II

74 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

workup, careful attention should be focused on the 
individual patient’s antiretroviral therapy regimen. 
Multiple protease inhibitors have demonstrated diar-
rhea as a potential adverse reaction that is reversible 
upon drug withdrawal.

Management of the underlying viral infection with 
antiretroviral therapy is the cornerstone of treatment. 
Because the volume loss accompanying HIV enteropa-
thy can be quite severe, aggressive volume replacement 
and expectant electrolyte repletion are important. Of 
course, nutrition should be promptly reinstituted. 
Lactose avoidance and fiber introduction may provide 
some benefit in regard to lessening diarrheal losses  

hIv/aIDS enteropathy

Up to 50% of HIV patients in the United States report 
diarrhea, but a distinct cause is identified in only 60% 
to 70% of these cases. HIV enteropathy is characterized 
by chronic diarrhea lasting more than 4 weeks and 
accompanied by malabsorption and abdominal discom-
fort. As is characteristic of small bowel diarrhea, stools 
are typically voluminous and may occur postprandially. 
There may be marked electrolyte disturbances, severe 
dehydration, and unintentional weight loss.

The mechanism by which HIV exerts its effect is not 
clearly elucidated. Mucosal biopsies demonstrate an 
increase in stem cells leading to crypt hyperplasia with 
encroachment of crypt cells into the villi, causing a 
decrease in the surface area–to-volume ratio. HIV may 
cause a transient decrease in the activity of several 
brush-border enzymes, including lactase activity, as well 
as diminished sodium/glucose cotransporter activity, 
causing sugar malabsorption. Together these suggest an 
osmotically mediated mechanism at play. Also observed 
is a profound decrease in the CD4+ T lymphocytes 
within the lamina propria and Peyer patches within 
gut-associated lymphoid tissue, which is responsible for 
the defense against intestinal pathogens and the devel-
opment of tolerance to food antigens and normal  
commensal microbiota. Indeed, in vitro studies have 
demonstrated a delay in epithelial cell differentiation, 
which may contribute to tight junction disorganization 
and a leaky gut phenomenon, which may promote micro-
bial translocation across the intestinal wall. Also 
observed are elevated levels of plasma lipopolysaccha-
ride, an endotoxin produced by bacteria in the serum 
of HIV patients. This proinflammatory state is thought 
to stimulate immune activation and perpetuate chronic 
inflammation.

Initial stool assessment should include routine stool 
culture, but additional tests should assess for C. difficile 
infection. Also, three stool samples separated by at least 
24 hours are necessary to assess for ovas and parasites. 
Additional enteric stool assays should include investiga-
tion for giardiasis and cryptosporidiosis. In the male 
homosexual population, anal receptive intercourse pre-
disposes to lower intestinal colonization with Cryptospo-
ridium, as well as other sexually transmitted diseases 
such as infection due to Chlamydia and Neisseria gonor-
rhoeae. These latter organisms typically create a procti-
tis characterized by urgency, tenesmus, and bloody 
diarrhea. In the presence of AIDS, additional specific 
tests should be considered, including Microsporidium, 
Cystoisospora, Cyclospora, and Mycobacterium avium 
complex. Viruses such as adenovirus, echovirus, and 
cytomegalovirus are found with increasing frequency in 
HIV patients. Protozoal assessment for Entamoeba his-
tolytica may be conducted via stool microscopy or fecal 
immunoassay. Candidal overgrowth is rare but has been 
reported in the literature. Other fungal infections 
should be ruled out as well (see table at right).

If laboratory or stool testing is nonrevealing, endo-
scopic investigation is certainly warranted. The mucosa 
may appear completely intact without any overt endo-
scopic inflammation. In addition to colonic biopsies, 
duodenal and ileal biopsy specimens should be collected 
to assess the villous height–to–crypt length ratio. 
Microscopic findings may be patchy, and multiple biop-
sies are encouraged. If inflammation or focal lesions are 
observed, staining for acid-fast bacilli should be per-
formed to exclude the great masquerader, Mycobacte-
rium tuberculosis. Rarely, intestinal Kaposi sarcoma or 
lymphoma may be discovered. In the event of a negative 
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and frequency. Symptomatic control with antimotility 
agents such as loperamide, diphenoxylate with atropine, 
or codeine phosphate may also prove useful. Crofele-
mer, a novel chloride secretion antagonist, has demon-
strated a decrease in noninfectious secretory diarrhea in 
HIV patients. Limited data exist regarding octreotide 
for the control of intestinal fluid secretion, but the drug 
may be of benefit in refractory diarrhea.

Ultimately, HIV enteropathy is a diagnosis of exclu-
sion that demands careful scrutiny of the patient’s  
clinical history, individualized risk factors, laboratory 
studies, stool studies, and medications. Immune recon-
stitution will help ameliorate the condition.
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dysfunction and/or loss. However, when the PTLD 
arises from host tissue cells, a number of different 
organs, including distal sites such as the skin, liver, lung, 
or central nervous system, are typically involved.

Ninety percent to 95% of recipients are positive for 
Epstein-Barr virus, accounting for most cases of PTLD. 
Up to 30% of patients are negative for the virus. These 
patients represent genetically and immunologically dis-
tinct tumors that are poorly understood. Therefore, 
thoughtful evaluation of the donor/recipient Epstein-
Barr virus status is important. Vigilant assessment of 
symptoms and laboratory abnormalities, such as hyper-
calcemia, hyperuricemia, or elevated lactate dehydroge-
nase levels; unexplained decreases in cell counts (in 
anemia, thrombocytopenia, leukopenia); and monoclo-
nal serum and urinary protein levels, may help detect 
PTLDs earlier. Radiologic studies, including positron 
emission tomography scanning, MRI, or ultrasound 
studies, are useful to help guide tissue biopsy whenever 
possible to confirm or refute an underlying disorder.

Treatment should initially consider reduction of 
T-cell immunosuppression while minimizing the risk  

poSttranSplant 
lymphoprolIferatIve 
DISorDer

Solid-organ and allogeneic hematopoietic cell trans-
plantation have revolutionized our ability to treat 
disease. Immunosuppression may have negative conse-
quences, however, such as an earlier onset and an 
increased frequency of malignant tumors of the skin, 
cervix, and colon. A new entity, a group of disorders 
collectively known as post-transplant lymphoproliferative 
disorders (PTLDs), has emerged. The group contains 
primarily of B-cell–mediated lymphoid and/or plasma-
cytic cell proliferations that have the potential for 
malignant transformation to lymphoma. They are the 
most common causes of malignancy, following solid-
organ transplantation. Conversely, PTLDs account for 
only a minority of cancers following hematopoietic cell 
transplantation. The risk is highest in the first year and 
then drops significantly. PTLDs remain a significant 
cause of early graft failure and death, however.

Genetic, immunologic, morphologic, and clinical 
factors are used to identify three types of PTLDs: (1) 
plasmacytic hyperplasia and infectious mononucleosis-
like PTLD, (2) polymorphic PTLD, and (3) monomor-
phic PTLD (Table 1). Epstein-Barr virus has been 
implicated in most malignant diseases; this fact high-
lights the risk of T-cell immunosuppression.

Mononucleosis caused by Epstein-Barr virus is nor-
mally characterized by a polyclonal B-cell proliferation, 
which is held in check by T-cell suppressor cells. By 
down-regulating antigenic expression, some B cells will 
evade T-cell suppression and lay dormant throughout 
life, until a period of immunocompromise or immuno-
suppression develops.

In patients who have undergone solid-organ trans-
plant, recipient T cells are inhibited by calcineurin 
inhibitors, promoting dormant B-cell proliferation. In 
allogeneic hematopoietic cell transplant recipients, the 
T cells are inhibited by administration of antithymocyte 
globulin and other cytotoxic agents. Interestingly, most 
allogeneic hematopoietic cell transplant PTLDs are 
derived from donors positive for Epstein-Barr virus. 
Dormant cells from such donors are held in check by 
donor T cells until the time of transplant. Following 
transplantation, these T cells are inhibited, allowing 
B-cell expansion.

Plasmacytic hyperplasia and infectious  
mononucleosis-like PTLD can occur early in the 
course after transplant. A viral prodrome similar to that 
of infectious mononucleosis, including fatigue, fever, 
and weight loss, is common with all these phenotypes. 
No atypical architectural distortions are demonstrated 
on histologic studies. Symptoms may resolve with time 
as immunosuppression is slowly reduced and the recipi-
ent recovers from the initial transplantation.

Polymorphic PTLDs do not meet all the criteria for 
malignant lymphoma but do demonstrate malignant 
transformation. They commonly present with compli-
cations of a focal mass effect, such as bowel obstruction, 
lymphadenopathy, or focal lesions.

Monomorphic PTLD generally presents as a dis-
seminated malignant lymphoma of which the majority 
are non-Hodgkin lymphomas of B-cell origin. Clinical 
presentations are similar for disease with indolent or 
aggressive symptoms.

In solid-organ transplant patients, a PTLD arising 
from the donor is generally focused within the 
allograft tissue. This presents a great risk for allograft 
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of allograft loss. Patients with polymorphic PTLD  
or monomorphic PTLD that tests positive for  
CD20 cells will benefit from receipt of a monoclonal 
antibody against B cells such as rituximab, which has 
good mechanistic utility in halting progression. Mono-
morphic PTLD otherwise is best treated with CHOP 
(cyclophosphamide, doxorubicin, vincristine, predni-
sone). A novel therapy, termed adoptive immunotherapy, 
infuses Epstein-Barr virus–specific cytotoxic T lympho-
cytes into the donor to treat PTLD associated with the 
virus. Antiviral therapies such as ganciclovir are typi-
cally used for cytomegalovirus prophylaxis but demon-
strate activity against Epstein-Barr virus, with the 
unfortunate risk of bone marrow suppression. Focal 
lesions are successfully treated with chemotherapy and 
radiation therapy.

In general, the degree of T-cell immunosuppression, 
the recipient’s age and ethnic background and the 
aggregate time that has passed since transplant will also 
affect the risk for development of PTLDs. Thoughtful 
posttransplant clinical and laboratory surveillance is 
critical to diagnosing PTLDs.
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M cells are found in the follicle-associated epithelium 
of intestinal Peyer patches of gut-associated lymphoid 
tissue. The M cells provide a route of entry for  
pathogens into the mucosa and can subsequently be a 
source of phagocytosis of tubercle bacilli. The ensuing 
inflammatory reaction is often indolent, with severe 
consequences resulting in both acute and subacute 
symptoms.

aBDomInal anD InteStInal 
tuBerculoSIS

Worldwide, tuberculosis presents with an incidence of 
7 to 10 million new cases per year, with a prevalence of 
approximately 2 billion people. Tuberculosis accounts 
for 6% of global deaths. Intestinal tuberculosis is the 
sixth most prevalent extrapulmonary manifestation 
(EPTB); it mimics primary disease of the entire diges-
tive tract presenting as Crohn ileocolitis. Tuberculosis 
can also manifest as a disease affecting the peritoneum, 
presenting as peritonitis. Multiple factors additively 
contribute to propagating tuberculosis, including 
poverty, malnutrition, overcrowding, immigrant status, 
and the presence of HIV coinfection. Patients with 
HIV coinfection demonstrate a deficient cellular 
immune response, poor immune reconstitution, and a 
risk for latent tuberculosis reactivation. Hence, a higher 
incidence of EPTB, increased severity of disease, and 
more rapid progression of disease may be observed.

The principal cause of intestinal tuberculosis is Myco-
bacterium tuberculosis. Intestinal tuberculosis may exist 
as a primary infection or as a secondary infection fol-
lowing reactivation from a Ghon focus. Routes of trans-
mission directly to the gastrointestinal tract include 
ingestion of bacilli-infected sputum or hematogenous 
transit via the lymphatic system; a primary pulmonary 
focus may use either route. Contiguous spread to direct 
adjacent organs is also observed.
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Complications

The ileocecal region is the most common site of 
involvement, with symptoms resulting from complica-
tions of ulcerative, hypertrophic/ulcerohypertrophic, 
or fibrous disease. Initially, abdominal discomfort, 
altered bowel habits, anemia, and constitutional symp-
toms herald insidious disease. Fibrous or hypertrophic 
disease can present with obstruction from stricture. 
The inflammatory reaction may result in obstruction 
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small bowel findings are more likely to suggest Crohn 
disease, though tuberculosis should always be ruled out 
appropriately.

Initial diagnostic studies may include radiography 
with cross-sectional imaging. Imaging may reveal mes-
enteric or paraaortic lymphadenopathy, asymmetric 
bowel wall thickening (white bowel sign from lymphatic 
infiltration, sliced bread sign from bowel wall edema), 
ileal stricture, fistulas, masses, or ascites. Ultimately, 
confirmation of the diagnosis is predicated on tissue 
biopsy. Acid-fast staining, culture, and polymerase 
chain reaction testing are used extensively. Tissue 
sample diagnosis may be obtained via colonoscopy, 
laparotomy, or percutaneous biopsy of peritoneal 
nodes. Histologic analysis will classically reveal findings 
of caseating granuloma. When investigating the poten-
tial for peritoneal tuberculosis, either laparoscopic 
investigation or paracentesis will be necessary. On lap-
arotomy, peritoneal tuberculosis will demonstrate mul-
tiple yellow-white tubercles on the peritoneal surface 
and/or visceral organs. A careful cell count of the para-
centesis fluid will demonstrate a lymphocytic predomi-
nance (lymphocytes > 250 cells/mm3). Also, the ascites 

purely from the mass effect (tuberculoma). Ulcerative 
disease may manifest with malabsorption or perfora-
tion, or both. In fact, peritoneal tuberculosis often 
manifests with ascites and/or fever of unknown origin.

Though uncommon, esophageal tuberculosis may 
present as an esophageal pseudotumor. Gastroduodenal 
tuberculosis can masquerade as peptic ulcer disease. 
Alternatively, it can simulate an adenocarcinoma with 
pyloric mass obstruction. Enteric infections with ame-
biasis or caused by Yersinia enterocolitica can have intes-
tinal manifestations similar to those of tuberculosis. 
Additionally, 10% of cases of intestinal tuberculosis are 
colonic. Hence, the disease may mimic carcinoma or 
ulcerative colitis. Rectal tuberculosis may manifest with 
bleeding, while anal tuberculosis presents commonly 
with fistulous complications. The similar clinical pre-
sentations of intestinal tuberculosis and Crohn disease 
are undeniable. Notably, the luminal appearance of 
intestinal tuberculosis is characterized by superficial to 
deep, circumferential ulcerations, as opposed to the 
deep, linear ulcers of Crohn disease. It has been sug-
gested that tuberculosis and/or Mycobacterium spp. are 
the actual cause of Crohn disease but this has never 
been proved. In developing nations, enteric disease is 
unlikely to be Crohn disease; in developed nations, the 
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fluid will demonstrate a high serum ascites albumin 
gradient that is consistent with an exudative process. 
Subsequent adenosine deaminase assay testing is posi-
tive and is consistent with tuberculous ascites. A serum-
based interferon-gamma release assay is more specific 
to latent and/or active tuberculosis infection. Early 
diagnosis, especially in nonendemic regions, is critical 
to prevent unnecessary surgical resection and interven-
tion. Notably, inflammatory bowel disease patients 
taking immunosuppressive medications are at risk  
for acquiring tuberculosis and/or for its latent reactiva-
tion. These patients should be screened for tuberculosis 
annually while they are receiving immunosuppressant 
agents. Inflammatory bowel disorder patients with  
findings of latent tuberculosis and exposure should  
be treated for 3 months prior to induction of immuno-
suppression.

Standard treatment for intestinal tuberculosis is 
extremely effective; it consists of chemotherapeutic 
regimens, including rifampicin, isoniazid, pyrazin-
amide, and ethambutol (RIPE), for 2 months, with 
rifampicin plus isoniazid daily or thrice weekly for 4 to 
7 months more.

aBDomInal anD InteStInal 
tuBerculoSIS (Continued)
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Pulmonary symptoms consist of either a dry or a 
productive cough, lethargy, dyspnea, chest discomfort, 
and, rarely, hemoptysis. The presence of fever, weight 
loss, and night sweats may suggest disseminated disease. 
Bone marrow infiltration may manifest with leukopenia 
or anemia. Lymphatic involvement presents as lymph-
adenopathy or hepatosplenomegaly, sometimes with 
transaminitis. Intestinal involvement manifests with 
diffuse, dull, intermittent abdominal discomfort without 
evidence of obstruction. AIDS patients with a CD4 cell 
count of less than 50 cells/mL may develop acute or 
chronic diarrhea.

The cornerstone of diagnosis rests primarily with 
mycobacterial culture-specific media from sputum in 
pulmonary disease or from other tissue specimens. In 
disseminated disease with gastrointestinal involvement, 
imaging may reveal bowel wall thickening. Endoscopic 
biopsy is warranted and may reveal MAC involvement. 
Infrequently, MAC may present with a nonspecific 
peritonitis with or without high-protein ascites; laparo-
scopic investigation may be needed in such cases when 
cytologic studies of the ascites are inconclusive. Both 

MycobacteriuM aviuM-
intracellulare InfectIon

Historically, Mycobacterium tuberculosis infection was 
common throughout the world, particularly in under-
privileged societies. Fortunately, the advent of antitu-
bercular regimens dramatically eradicated the illness. A 
distinct cohort of nontuberculous mycobacterial patho-
gens was revealed to exist, however. Nontuberculous 
mycobacterial illness is predominantly caused by Myco-
bacterium avium-intracellulare (MAC) and Mycobacterium 
kansasii, with over 140 distinct species identified. Inter-
estingly, before antiretroviral therapy was available for 
AIDS, MAC infection was more common in developed 
nations than underprivileged nations; this fact prompted 
the hypothesis that bacillus Calmette-Guérin vaccina-
tion or a history of tuberculosis may confer immunity. 
Intradermal reactivity rates were demonstrated to be 
equal in MAC patients in both developed and underde-
veloped nations, however. The pathogenesis of the 
disease is poorly understood, but several mechanisms 
have been revealed.

Potable soil and water act as the main reservoirs and 
surfaces for biofilms that harbor MAC and other non-
tuberculous mycobacterial species. MAC has been  
isolated from residential drinking water, faucets, show-
erheads, Jacuzzis, water fountains, swimming pools, 
domesticated farm animals, foodstuffs, soil composts, 
and potting mix. Biofilms consist of complex communi-
ties of bacteria, viruses, fungi, protozoa, and other 
organisms, all held within a mucous layer of self-
secreted polysaccharides, proteins, and even DNA. 
MAC may exist within these other host cells within the 
polysaccharide matrix, making routine disinfectants 
ineffective. When protozoa are present on a biofilm 
surface, MAC has the opportunity to intracellularly 
parasitize them. Host cells provide nutrients and pro-
tection form the innate immune system and antibiotics. 
The characteristic slow growth allows time for antibi-
otic metabolism, so that higher antibiotic concentra-
tions are needed to achieve eradication. Thus infection 
is slow to develop. However, disease will begin to ensue 
once the host immune system begins to phagocytize the 
infected cells and ultimately produce symptoms. Inher-
ited and acquired host immune systems have been 
implicated. Th1 cell and macrophage pathway abnor-
malities, primary immunodeficiency or autoantibodies 
to interferon-gamma, and lymphopenia due to hema-
tologic malignant disease or HIV infection are among 
the mechanisms elucidated so far. No single cause of 
infection has been identified in patients who do not 
have HIV infection or AIDS. Dissemination of disease 
ensues via hematogenous and lymphatic spread.

MAC is routinely aerosolized, promoting pulmonary 
infection in individuals with or without preexisting lung 
disease (e.g., cystic fibrosis, interstitial lung disease, 
emphysema). Children may demonstrate superficial 
lymphadenitis, particularly along the cervical chain. 
Soft tissue and cutaneous infections (e.g., in a wound) 
occur following direct contact with the specific reser-
voir. Immunocompromised individuals, such as those  
of advanced age, those with hematologic malignant 
disease, solid-organ transplant recipients, those taking 
immunosuppressive therapy (e.g., anti–tumor necrosis 
factor alpha agents), and those with AIDS (particularly 
those with a CD4 count < 50 cells/mL) are at increased 
risk to develop MAC infection and disseminated 
disease. Fortunately, MAC has not been demonstrated 
to be contagious.
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tuberculosis and MAC may manifest with hepatic 
lesions and demonstrate granulomas or caseating histo-
logic findings. Hence, culture is critical for differentia-
tion. MAC disease causing AIDS cholangiopathy is rare 
and has been limited to case reports only.

In pulmonary disease, medication is the first-line 
therapy; in cases where medical treatment fails or 
there is isolated disease, surgical resection may be 
needed. Disseminated disease will only benefit from 
medical therapy. Early days of macrolide monotherapy 
promoted drug resistance. Hence, multidrug regimens 
with typical antitubercular agents (rifabutin, ethambu-
tol, isoniazid) are the mainstay of treatment. Given 
the potential for drug-drug interactions in HIV 
patients taking antiretroviral medication, rifabutin is 
one of the recommended agents. Upon treatment 
initiation, cultures are taken monthly. Treatment con-
tinues until cultures are negative for at least 12 
months. Lack of a therapeutic response at 6 months 
of therapy or a relapse following therapy should 
trigger repeat mycobacterial culture to assess sensitiv-
ity and susceptibility.
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hypothyroidism. Likewise, hypoparathyroidism can 
lead to neuromuscular irritability, which manifests with 
abdominal pain, intestinal tetany, diarrhea, steatorrhea, 
and intestinal pseudoobstruction.

DERMATOLOGIC DISEASES

Blue rubber bleb nevus syndrome is characterized by blue 
nevi on the skin and gastrointestinal hemangiomas and 

Small Bowel manIfeStatIonS 
of SyStemIc DISeaSeS

CONNECTIVE TISSUE DISORDERS

Scleroderma frequently involves the small bowel, pri-
marily causing dysmotility. It is characterized by a 
dilated bowel, associated with scattered wide-mouthed 
diverticula and even intestinal pseudoobstruction, and 
small intestinal bacterial overgrowth.

Ehlers-Danlos syndrome is a collection of inherited dis-
eases affecting collagen synthesis that can involve the 
intestine, causing bleeding from mucosal lesions or 
intraabdominal bleeding of ruptured aneurysms of 
splanchnic arteries. Dermatomyositis and polymyositis 
can affect the entire gastrointestinal but commonly 
involve the proximal esophagus.

Systemic lupus enteritis with or without terminal ileitis 
is not uncommon and can be confused with Crohn 
disease. Rarely, malabsorption and protein-losing 
enteropathy with lymphangiectasia can be seen.

In rheumatoid arthritis, the small intestine may rarely 
manifest with intestinal ischemia, bleeding, or infarc-
tion as a result of vasculitis of the mesenteric vessels or 
with chronic diarrhea from secondary amyloidosis. 
More commonly, chronic use of medications in rheu-
matoid arthritis, such as nonsteroidal antiinflammatory 
agents, causes erosions and ulcers.

In Behçet disease, there is gastrointestinal involvement 
in up to 50% of patients with ulcerative lesions through-
out the gastrointestinal tract, in particular the ileocecal 
region, which can mimic Crohn disease. Similarly, 
patients with reactive arthritides may have endoscopic 
or histologic evidence of ileocolonic inflammation that 
sometimes resembles Crohn disease.

ENDOCRINOLOGIC DISORDERS

Diarrhea affects up to a quarter of diabetics. Visceral 
autonomic neuropathy plays an important role in asso-
ciation with segmental small intestinal dilatation often 
seen in long-standing diabetes. Additionally, certain 
drugs used for diabetes, such as metformin, or the  
presence of concomitant pancreatic insufficiency, small 
bowel bacterial overgrowth, or celiac disease may be 
causing the diarrhea. Hyperthyroidism, which causes 
rapid intestinal transit, may lead to diarrhea or hyper-
defecation, whereas intestinal motility is slowed in 
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can present with iron deficiency anemia or overt gas-
trointestinal bleeding or as the lead point of intestinal 
intussusceptions. Neurofibromatosis (von Recklinghausen 
disease) is associated with polypoid neurofibromas 
that can be present throughout the gastrointestinal tract 
and can cause gastrointestinal bleeding or obstruction, 
or both.

Acrodermatitis enteropathica is a rare autosomal reces-
sive disorder thought to be due to an inability to absorb 
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sufficient intestinal zinc, or it can result from zinc defi-
ciency secondary to Crohn disease. It usually presents 
at the time of weaning, with eczematous pink scaly 
plaques on the hands and feet and around the mouth 
and anus, in addition to paronychia and nail dystrophy. 
Gastrointestinal symptoms are often intermittent and 
consist of diarrhea and malabsorption. The small bowel 
shows patchy villous lesions of variable severity, with 
abnormal inclusions in Paneth cells. It can be reversed 
by giving zinc orally.

CARDIOVASCULAR DISEASES

Aortic stenosis has long been associated with angiodys-
plasia (Heyde syndrome) resulting from an acquired defi-
ciency of von Willebrand factor. Congestive heart failure 
can lead to congestion of the splanchnic venous bed, 
causing anorexia, nausea, bloating, and abdominal pain. 
Rarely, it can lead to mesenteric ischemia of the bowel 
and weight loss, diarrhea, malabsorption, and protein-
losing enteropathy.

HEMATOLOGIC DISORDERS

Solitary plasmacytomas most frequently occur in bone 
(plasmacytoma of bone) but can also be found outside 
bone in the gastrointestinal tract. Waldenström macro-
globulinemia can involve the gastrointestinal tract where 
monoclonal IgM protein may be deposited as extracel-
lular amorphous material in the lamina propria,  
producing severe malabsorption with diarrhea and ste-
atorrhea. Similarly, heavy-chain disease commonly leads 
to infiltration of the jejunal mucosa with plasmacytoid 
cells, resulting in abdominal pain, malabsorption with 
chronic diarrhea, steatorrhea, and loss of weight.

MISCELLANEOUS DISORDERS

Endometriosis is characterized by the presence of endo-
metrial glands or stroma, or both, in abnormal sites. 
Intestinal endometriosis commonly takes the form of 
plaques of tissues on the serosal surface of the bowel 
lying in the pelvis, but the plaques can rarely infiltrate 
the deeper layers of the bowel, causing intestinal 
obstruction and gastrointestinal bleeding even lower in 
the tract.

Sarcoidosis is a systemic disorder that is characterized 
by noncaseating granulomas. Involvement of the small 
bowel is extremely rare, and the presence of typical 
granulomatous ileocolitis even in a patient known to 
have sarcoidosis should prompt a search for Crohn 
disease.

Graft-versus-host disease can be acute or chronic and 
commonly involves the gastrointestinal tract. Small 

bowel involvement causes diarrhea that can often be 
severe.

Cystic fibrosis is associated with unique intestinal disor-
ders that arise as a result of inspissation of thick and 
viscous mucus secretions. Meconium ileus occurs exclu-
sively in newborns and is often the first manifestation of 
cystic fibrosis. Distal intestinal obstructive syndrome is the 
adult equivalent and can cause intestinal obstruction.

Small Bowel manIfeStatIonS 
of SyStemIc DISeaSeS 
(Continued)
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depending on the cause of the obstruction, the location 
(proximal versus distal), and the degree of obstruction 
(partial versus complete). Proximal obstruction tends to 
cause early and severe vomiting, whereas more distal 
locations present with abdominal distention and failure 
to pass flatus or feces. The pain is typically located in 
the periumbilical area and is “colicky” in nature, with 
cramping episodes occurring at certain intervals. The 
progression to a more constant pain and focal localiza-
tion may be an indication of complications with 

InteStInal oBStructIon

Small intestinal obstruction occurs when the normal 
propulsion of luminal contents is hindered by either 
mechanical obstruction or abnormal intestinal motility. 
The obstruction may be partial or complete and can 
occur at any level of the small bowel.

MECHANICAL OBSTRUCTION

The majority of mechanical intestinal obstructions 
result from adhesive bands or incarceration of a loop of 
small bowel in an internal hernia caused by previous 
surgery. Intestinal obstruction can arise in the absence 
of previous surgery in cases of intussusception, abdomi-
nal hernia, volvulus, or congenital malrotation. Stric-
tures related to tumors, Crohn disease, prior intestinal 
ischemia, or irradiation are common luminal causes of 
obstruction, whereas peritoneal inflammation seen in 
tuberculosis peritonitis and peritoneal carcinomatosis 
can lead to adhesive bands causing obstruction. Impac-
tion by foreign bodies such as gallstones, enteroliths, or 
parasites can also cause mechanical obstruction. Irre-
spective of the cause, obstruction of the small intestine 
causes distention of the segment proximal to the block-
age while the distal bowel decompresses. Early in  
the course, intestinal contractility increases to propel 
luminal contents past the obstructed point. This 
explains the diarrhea seen early in partial or complete 
obstruction. Later in the course, the intestine becomes 
fatigued and dilates, with rapid accumulation of gas and 
fluid. The gas is mainly swallowed air in addition to gas 
produced from bacterial fermentation as gastric, intes-
tinal, and biliary secretions are added to the luminal 
contents. With progression of the obstruction, the dis-
tended proximal intestine loses its absorptive function, 
causing sequestration of electrolyte-rich fluid (sodium, 
chloride, potassium) and further influx of fluid and elec-
trolytes. The emesis that invariably ensues leads to loss 
of electrolyte-rich fluid and metabolic alkalosis, aggra-
vating the hypovolemia, which can progress to renal 
insufficiency and circulatory collapse. In cases with 
severe bowel distention; in closed loop obstruction, 
where a loop of bowel is occluded at two points by an 
internal hernia; or in cases where there is torsion of 
bowel, the excessive stretching of the bowel wall can 
impair venous return and interfere with normal perfu-
sion. Unless treated, this can progress to ischemia, 
necrosis, and frank perforation. Abdominal pain, vomit-
ing, and distention are the hallmarks of acute intestinal 
obstruction. The onset of these symptoms varies 
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OBSTRUCTION AND ADYNAMIC ILEUS OF SMALL INTESTINE

peritoneal irritation, ischemia, and gangrene. The 
physical examination should include assessment for 
dehydration and for clues to the cause of the obstruc-
tion. Abdominal inspection will assess the degree of 
distention and identify surgical scars or abdominal wall 
hernias. Examination of the groin is key in these cases 
because an incarcerated indirect inguinal hernia can 
easily be missed without close attention. Abdominal 
auscultation may reveal a high-pitched “tinkling” sound 
typically found in acute obstruction; as the bowel 
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vomiting may or not be present, and patients may con-
tinue to pass flatus and even have diarrhea. Plain 
abdominal radiographs typically reveal a distended 
small and large bowel with no transition point. The 
diagnosis can further be confirmed with orally enhanced 
CT scanning.

The management of ileus is mainly supportive, with 
intravenous hydration and bowel rest. Underlying con-
ditions such as electrolyte imbalance and sepsis should 
be sought and treated. Offending drugs should be  

progressively distends, the sounds become muffled and 
eventually disappear. Bowel distention results in 
tympany upon percussion, but areas with fluid-filled 
bowel can be dull to percussion. In early obstruction, 
the abdomen may be soft with minimal tenderness; 
therefore, the presence of significant tenderness and 
rigidity indicates the setting of peritonitis and compro-
mised bowel.

Laboratory studies can assess the presence and degree 
of fluid and electrolyte abnormalities. Leukocytosis and 
acidosis may indicate complications. There are no reli-
able laboratory markers for ischemia, but an elevated 
serum lactate level can be a sensitive marker for the 
presence of hypoperfusion; it is not a specific marker, 
however. Plain abdominal radiography is the first-line 
imaging modality for suspected intestinal obstruction. 
The presence of fluid- and gas-filled loops of small 
intestine and a paucity of gas in the colon is pathogno-
monic for small bowel obstruction. Abdominal CT 
scanning can identify the specific site of obstruction and 
often determine the cause.

The initial management includes volume resuscita-
tion and correction of metabolic derangements.  
Conservative management of the obstruction with 
nasogastric suction may be successful in patients with 
partial obstruction, but these patients should be moni-
tored closely. Patients with signs of complicated bowel 
obstruction with evidence of ischemia, necrosis, or per-
foration require prompt surgical exploration.

PARALYTIC ILEUS

Paralytic or adynamic ileus refers to the bowel distention 
and obstipation caused by the nonmechanical factors 
that disrupt the normal coordinated propulsive motor 
activity of the gastrointestinal tract. It is commonly 
seen following abdominal or nonabdominal surgery. A 
wide variety of conditions, including peritoneal or ret-
roperitoneal inflammation caused by blood, chemicals, 
or intestinal juices, can lead to paralytic ileus, however. 
Certain infections, such as pneumonia and sepsis, and 
use of drugs such as opiates and anticholinergics are 
also frequent causes of ileus.

Patients present with symptoms similar to those  
of mechanical obstruction, but there are certain  
distinct differences. Abdominal distention, without the 
colicky abdominal pain, is usually present. Nausea and 
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CT image of the abdomen of a patient with small bowel obstruction. Note the large dilated loops of small
bowel with fluid levels.

CT image of the abdomen demonstrating small bowel obstruction caused by intussusception (arrows).

discontinued, and opiate use should be minimized. If  
vomiting persists, nasogastric decompression should  
be initiated. Pharmacologic agents that stimulate gut 
motility, such as the sympatholytic guanethidine or the 
parasympathomimetic neostigmine, have been used to 
treat ileus but have mostly been ineffective. Erythromy-
cin, which stimulates motilin receptors, and dexloxiglu-
mide, which is a cholesystokinin-1 stimulator, have 
been evaluated but did not appear to alter intestinal 
ileus.

InteStInal oBStructIon 
(Continued)
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endoscopy has a high diagnostic yield and allows visu-
alization of the entire small intestine. Small intestinal 
angiodysplastic lesions typically have a round, stellate, 
or spidery mucosal appearance with a distinct zone of 
pallor surrounding the margins. Biopsy is not recom-
mended and carries a bleeding risk.

Deep enteroscopy is the best choice for short-term 
and initial therapy. Single-balloon enteroscopy, double-
balloon enteroscopy, or spiral enteroscopy can be used; 
once lesions have been identified, they can be cauter-
ized using argon plasma coagulation. For patients with 
diffuse lesions or patients who are unfit for invasive 
therapies, various pharmacologic agents have been 
studied. Hormonal therapy (estrogen and progester-
one), thalidomide (a vascular endothelial growth factor 
inhibitor), and octreotide have been shown to be 

vaScular malformatIon of 
Small InteStIne anD other 
cauSeS of Small InteStInal 
BleeDIng

Approximately 5% of cases of gastrointestinal bleeding 
occur in the small bowel, defined as the region between 
the ampulla of Vater and the ileocecal valve. Small 
intestinal vascular malformations are responsible for 
the majority of cases of small intestinal bleeding. They 
are more often seen in elderly patients, as is enter-
opathy induced by nonsteroidal antiinflammatory drugs 
(NSAIDs). Small intestinal tumors, Crohn disease, and 
nonspecific enteritis are more common in individuals 
under 40 years of age. Rarer causes include Meckel 
diverticulum, hemobilia, hemosuccus pancreaticus, and 
aortoenteric fistula.

SMALL INTESTINAL VASCULAR 
MALFORMATIONS

Vascular malformations of the small bowel are rare, yet they 
account for 5% of cases of gastrointestinal bleeding. 
They are more commonly encountered in elderly 
persons and vary in size and distribution. Most vascular 
lesions present with obscure gastrointestinal bleeding, 
but the severity of the symptoms and signs ranges from 
heme-positive stool to profound anemia requiring 
recurrent blood transfusion.

ANGIODYSPLASIA (ANGIOECTASIA OR 
VASCULAR ECTASIA)

Angiodysplasias are pathologically dilated and tortuous, 
thin-walled vessels, involving small capillaries, veins, 
and arteries, visualized within the mucosal and submu-
cosal layers of the gut. They are the most common 
cause of small bowel bleeding, accounting for 50% of 
cases. The jejunum is the most common location in the 
small intestine, followed by the ileum and duodenum. 
Approximately 40% to 60% of patients will have more 
than one lesion. Aortic stenosis has long been associated 
with angiodysplasia (Heyde syndrome). The high stress 
in aortic stenosis was thought to cause shear-dependent 
cleavage of high-molecular-weight multimers of von 
Willebrand factor, leading to acquired deficiency of the 
factor; findings in recent large-scale studies have ques-
tioned this association, however. Chronic renal failure 
with or without hemodialysis is another condition asso-
ciated with increased frequency of gastrointestinal 
angiodysplasia. Other reported risk factors include 
hypertension, ischemic heart disease, arrhythmias, val-
vular heart disease, congestive heart failure, chronic 
respiratory conditions, previous venous thromboembo-
lism, and use of anticoagulants.

Angiodysplasias commonly present with anemia with 
or without iron deficiency. The stool is frequently 
heme-positive, but rarely, melena may develop. Capsule 
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beneficial in several case series, but randomized trials 
are lacking.

TELANGIECTASIA

Telangiectasias of the small bowel are essentially similar 
to angiodysplasias, but they can involve all the layers of 
the bowel, unlike angiodysplasias, which are limited to 
the mucosa and submucosa. Additionally, telangiecta-
sias often occur as part of a systemic disorder and 
involve cutaneous and other mucus membrane 
surfaces.

Gastrointestinal telangiectasias are associated with 
hereditary hemorrhagic telangiectasia, scleroderma, 
CREST syndrome, and, possibly, Turner syndrome. 
Hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu 
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mainstay of management; complete resolution of most 
lesions usually follows.

Hemosuccus pancreaticus refers to bleeding from the 
peripancreatic blood vessel into the pancreatic duct, 
most often in the setting of acute or chronic pancreatitis 
or, rarely, following therapeutic endoscopy of the pan-
creas. Selective arteriography of the celiac trunk and 
superior mesenteric artery is the most sensitive diag-
nostic tool. Hemobilia, or bleeding from the hepatobili-
ary system, usually presents as melena, hematemesis, 
biliary colic, or jaundice and should be suspected after 

syndrome) is an autosomal dominant disorder with a 
prevalence of 1 : 5000 to 1 : 8000. Individuals with the 
disease can have vascular lesions, including gastrointes-
tinal telangiectasias and arteriovenous malformations of 
the liver, lung, and central nervous system. The most 
common clinical findings are epistaxis and iron defi-
ciency anemia, but patients may be asymptomatic. Life-
threatening bleeding can arise from visceral vascular 
lesions. The management is directed toward the organ 
involved and requires a multidisciplinary team approach. 
Endoscopic ablation is used to manage bleeding from 
gastrointestinal lesions. Surgery or embolization may 
be useful for life-threatening hemorrhage from local-
ized lesions. A vascular endothelial growth factor antag-
onist such as bevacizumab, sprayed topically or injected 
locally, has shown promise in reducing bleeding 
episodes.

NSAID ENTEROPATHY

Intestinal injury related to the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) is common and is one of 
the commonest causes of obscure gastrointestinal 
bleeding. The distal small bowel is often involved, but 
lesions can be diffuse and range from erosions or ulcers 
to stricture to frank bowel perforation. Enteric-coated 
aspirin was originally designed to decrease adverse 
effects on the stomach, but its use may have shifted the 
damage to the distal small bowel. The pathogenesis of 
NSAID-induced enteropathy is distinct from that of 
NSAID-induced gastropathy. Local mucosal damage 
induced by NSAIDs appears to increase intestinal per-
meability and weaken the mucosal barrier, allowing bile 
acid, proteolytic enzymes, intestinal bacteria, or toxins 
to penetrate epithelial cells, resulting in mucosal injury.

Findings on capsule endoscopy or enteroscopy 
include reddened folds, a denuded area, red spots, a 
sharply demarcated ulcer, and blood; the pathogno-
monic finding of NSAID enteropathy, however, is dia-
phragmlike strictures. The strictures are caused by 
scarring from recurrent ulcerative injury and appear as 
thin, concentric, diaphragmlike septa with pinhole-
sized lumen. They are usually multiple and are found 
mostly in the midintestine, but they have also been 
described in the ileum and colon. They are histologi-
cally characterized by submucosal fibrosis and thicken-
ing of the muscularis mucosa, with normal overlying 
epithelium. These strictures can rarely lead to entrap-
ment of a capsule endoscopy. Endoscopically accessible 
strictures or diaphragms may be amenable to through-
the-scope balloon dilatation, with retrieval of the 
retained capsule; surgical intervention may still be 
required, however. Cessation of NSAID use is the 
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recent instrumentation of the hepatic parenchymal or 
biliary tract or blunt trauma to the abdomen. Side-
viewing endoscopy can directly visualize the clot extru-
sion or blood oozing from the papilla of Vater.

Aortoenteric fistula is a rare, life-threatening condition 
and is almost always seen secondary to reconstructive 
aortic aneurysmal surgery. It typically involves the third 
portion of the duodenum and presents with herald 
bleeding, followed by massive life-threatening bleed-
ing. The best diagnostic modality is abdominal CT 
scanning.
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enhanced tension on the wall, as seen in pregnancy or 
with ascites or chronic obstructive pulmonary disease, 
can force abdominal contents through the inguinal 
canal. Alternatively, strenuous physical activity or a 
sudden increase in abdominal pressure caused by lifting 
heavy objects can exert increased pressure against  
the abdominal wall, producing a clinically detectable 
hernia.

For the understanding of the cause, clinical manifes-
tations, and, particularly, surgical repair of an indirect 

InDIrect anD DIrect  
InguInal hernIaS

Hernia (a word derived from the Greek, meaning 
“sprouting forth”) has been defined, from the time of 
A. Cornelius Celsus (second century AD), as a protru-
sion of an organ or tissue, through an abnormal 
opening, from the organ’s natural place in a cavity. 
Hernias are classified by the cause or the anatomic loca-
tion of the defect.

INDIRECT INGUINAL HERNIAS

Approximately 75% of hernias occur in the groin 
region. Groin hernias are classified as indirect inguinal, 
direct inguinal, or femoral hernias based on the site of 
herniation in relation to the surrounding structures. An 
inguinal hernia that has direct and indirect components 
is referred to as a pantaloon hernia. An indirect inguinal 
hernia is the most common type, irrespective of gender. 
It is characterized by the propulsion of the hernia sac 
through the internal inguinal ring toward the external 
inguinal ring and, at times, into the scrotum. The inci-
dence of inguinal hernias has a bimodal distribution, 
with peaks before the first of year of age and after age 
60 years. Inguinal hernia is three to four times as fre-
quent in males as in females, and this fact points to a 
causative relationship, namely, a developmental process 
connected with the descent of the testes in fetal life. As 
the testes descend from the intraabdominal space into 
the scrotum in the third trimester of pregnancy, they 
are preceded by the gubernaculum and a fold of peri-
toneum, known as the funicular process (see Plate 2-55) 
or processus vaginalis. This process is normally obliter-
ated during the eighth month of intrauterine life, 
becoming a thin, solid strand of connective tissue (liga-
mentum vaginale). If the process is not obliterated, a 
peritoneal pouch or sac termed the patent processus 
vaginalis persists; this accounts for the high incidence 
of indirect inguinal hernias in preterm babies. Nor-
mally, the deep (internal) inguinal ring (see also pages 
serves as a perfect closure against the egression of any 
structure within the abdominal cavity. If, however, the 
funicular process is not obliterated completely, the sac 
may grow in size or may be the object of pathologic 
changes resulting in damage to fascial and muscular 
elements and thereby lead to incompetence of the ring. 
However, a patent processus vaginalis does not neces-
sarily indicate an inguinal hernia. Numerous individu-
als of both sexes have been found with a patent funicular 
process without ever having had any signs of a hernia. 
Others “acquire” a complete hernia only late in life.

Epidemiologic studies have identified risk factors 
that play a role in the formation of a hernia in the pres-
ence or absence of a patent processus vaginalis. Inher-
ent collagen weakness can predispose to formation of a 
hernia. Collagen disorders such as Ehlers-Danlos syn-
drome are also associated with an increased incidence 
of hernia. A chronic increase in abdominal pressure and 
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inguinal hernia, a detailed knowledge of the anatomy 
of this region is critical. The anatomy has been illus-
trated and discussed in Plates 2-1 to 2-3. In acquired 
inguinal hernia, the ring becomes dilated over time or, 
as in a congenital hernia, is wide enough from the very 
start to permit passage of the small or large intestine, 
omentum, or bladder. The size of the sac depends on 
its contents. It always lies anterosuperior to the  
spermatic cord, which contains the ductus deferens;  
the testicular, cremasteric, and deferential vessels; the 
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that the palpating finger feels it directly or at least feels 
a change or shift of the tissues within the canal. In 
infants, the examination is naturally not so simple, and 
a hernia, when reduced, is hardly recognizable. Thick-
ening of the cord at the superficial ring is said to be a 
reliable sign of a hernia, provided it is unilateral so that 
the cord on both sides can be compared. Children with 
a left-sided congenital inguinal hernia have an increased 
chance of soon revealing one on the other side. Oddly, 
this is not true of a right-sided hernia.

pampiniform plexus; and the lymphatic vessels and 
nerves. The narrow proximal part of the sac, which is 
continuous with the parietal peritoneum, is called the 
“neck” of the sac, whereas the distal part is known as 
the “fundus.” The coverings of the hernial sac are the 
same as those of the spermatic cord under normal con-
ditions. The peritoneal innermost layer is covered by 
areolar tissue, the internal spermatic (infundibuliform) 
fascia derived from the transversalis muscle and the 
musculofascial cremasteric layer, essentially derived 
from the internal oblique muscle and aponeurosis. In 
moderate-sized to large indirect inguinal hernias, the 
obliqueness of the inguinal canal is mostly lost. With 
the widening of the deep (internal, abdominal) ring and 
the increased masses filling the canal, the two inguinal 
rings (deep and superficial) start to lie more and more 
perpendicularly above each other. A medial displace-
ment of the inferior epigastric vessels is another conse-
quence of this directional shift of the inguinal canal.

Indirect inguinal hernia may manifest in a range of 
clinical scenarios. It may be incidentally detected during 
physical examination in an otherwise asymptomatic 
individual or it can cause a life-threatening mechanical 
bowel obstruction with incarceration and strangulation. 
Some patients, especially those who are middle-aged or 
elderly, may describe pain or discomfort in the lower 
abdominal quadrants, or the appearance of a swelling, 
with some sort of an accident or a specific event of 
strain. The frequency and intensity of pain, however, 
vary greatly from individual to individual. In general, 
chronic moderate or even extensive protrusion of 
abdominal contents through an enlarged deep inguinal 
ring usually produces, except for cases with incarcera-
tion, less discomfort than do those cases with a sudden 
onset. The family history may reveal an increased inci-
dence of hernia. The diagnosis of an uncomplicated 
indirect inguinal hernia is made by inspection and pal-
pation. The patient should be examined in the supine 
as well as the erect position, first with the flat hand over 
the inguinal region and the fingertips resting over the 
superficial (subcutaneous) inguinal ring and exerting a 
slight pressure along the inguinal canal. Second, with 
the palmar surface of the hand resting over the patient’s 
thigh, the fifth finger should be gently pushed forward 
through the superficial ring invaginating the scrotal 
skin. The protruding abdominal tissue can thus be felt 
while the patient is completely relaxed. A patent but 
empty sac cannot be felt and diagnosed, but requesting 
the patient to use the abdominal musculature to increase 
the abdominal pressure or asking him or her to cough 
will often be helpful in discovering the functional 
incompetence of the deep inguinal ring and will force 
a part of the abdominal contents to enter the canal, so 
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When women are concerned, the best diagnostic 
method consists in placing two fingers over the subcu-
taneous inguinal ring and palpating for an expansile 
impulse on coughing or, better, on a more steady 
increase of intraabdominal pressure as produced by vol-
untary contraction of the abdominal musculature.

Distinction between indirect and direct inguinal 
hernias can be made by occluding the internal inguinal 
ring with a finger as the patient coughs. An indirect 
inguinal hernia should be blocked, but a direct hernia 

InDIrect anD DIrect InguInal 
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inguinal hernia remains in the area above the inguinal 
ligament, expanding medially, in contrast to the indirect 
variety, which, as a rule, enlarges downward into the 
scrotum.

The protrusion only rarely emerges from the subcu-
taneous ring and usually remains small and incomplete. 
The globular mass is found close to the lateral border 
of the os pubis, the spermatic cord resting superficially 

should freely bulge. Additionally, transmission of the 
cough impulse to the tip of the finger implies an indi-
rect hernia, whereas an impulse palpated on the dorsum 
of the finger implies a direct hernia. These physical 
findings distinguish between direct and indirect hernias 
only 50% of the time. If the herniated organ has pro-
truded as far as the scrotum, consideration must be 
given to the possibility of other scrotal swellings, such 
as a hydrocele, epididymitis, testicular torsion, varico-
cele, or even testicular tumors. In females, labial cysts, 
abscesses, or tumors should be considered.

Laboratory testing is not helpful in the diagnosis of 
inguinal hernias. Incarceration and bowel ischemia may 
be associated with nonspecific leukocytosis. Abdominal 
imaging is rarely used for diagnosis and usually helps 
exclude other causes.

DIRECT INGUINAL HERNIAS

The direct inguinal hernia has an etiologic and patho-
logic background quite different from that of the indi-
rect inguinal hernia. It is rarely seen in children, and it 
more frequently presents at 40 to 50 years of age, with 
a strong preponderance in males. Thus, although con-
sidered an acquired disease, it nevertheless must be 
traced back to a congenital condition characterized by 
a poorly developed musculofascial wall in the lower-
most portion of the internal oblique muscle, where the 
fibers, instead of coursing obliquely, are arranged more 
transversely. Furthermore, partly as a result of the 
transverse course of the fibers, the conjoined tendon is 
attached to the sheath of the rectus muscle at a variable 
distance above the pubic crest. The predisposing factor 
of a direct hernia is thereby assumed to be deficient 
protection of the inguinal (Hesselbach) triangle, par-
ticularly of its lateral angle. The characteristic anatomic 
feature of a direct inguinal hernia is that it protrudes 
medial to the inferior epigastric vessels instead of lateral 
to them, as with the indirect hernia. In other words, the 
direct hernia does not pass through the deep ring but 
bulges through the posterior wall of the inguinal canal. 
The precipitating causes may be strenuous and/or pro-
longed exertions in the erect position that produce a 
marked increase in intraabdominal pressure, or pro-
gressive distention of the abdomen as in ascites, or a 
progressive atrophy of abdominal muscles owing to 
advanced age or a wasting disease.

The clinical manifestations of the direct inguinal 
hernia are even less noticeable than are those of the 
indirect type. The onset is insidious and asymptomatic. 
The patient or the physician may incidentally discover 
a painless bulge in the inguinal area. The mass is 
reduced instantly when the patient lies down and can 
reappear upon arising or with straining. With an 
increase in size, though this is uncommon, the direct 
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and laterally upon the protrusion. With the hernia 
reduced, the same maneuver outlined for the diagnosis 
of indirect hernia (see above) should be carried out. 
When the patient coughs, if the impulse is felt by the 
index finger as coming from the floor of the canal, 
pushing the finger outward, instead of being felt on the 
tip of the fifth finger as coming from above downward, 
the hernia is likely to be of the direct type.
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absence of the contraindications listed above, the lapa-
roscopic approach is minimally invasive, with less  
postoperative pain and a fast recovery time. The two 
most commonly performed laparoscopic inguinal 
hernia repair techniques are the transabdominal pre-
peritoneal hernia repair and the totally extraperitoneal 
hernia repair approaches. The use of mesh to create a 
tension-free repair is recommended for all laparoscopic 
techniques; a preformed mesh that conforms to the 
space is available. Fixation of the mesh is recommended 

TREATMENT OF INGUINAL HERNIAS

The definitive treatment of indirect inguinal hernia is 
surgical repair. Inguinal hernia repair is among the 
most common procedures performed by general sur-
geons. Nonoperative management, namely the use of a 
truss, can be used for pain, pressure, and protrusion of 
abdominal contents in the symptomatic patient who is 
not able to undergo surgery. In newborns, the applica-
tion of a simple yarn truss for a period of 2 to 6 months 
is sometimes sufficient to prevent the protrusion of the 
abdominal contents and to allow for the spontaneous 
closure of a funicular process not obliterated at birth, 
but this method is not used much today, and surgical 
repair is preferred at any age.

The surgical treatment of an inguinal hernia in 
infants is relatively simple and can be expeditiously 
accomplished in a matter of minutes, especially when 
the hernia is small and of recent onset. Ligation and 
excision of the sac is all that is required, because in 
infants the deep inguinal ring is almost adjacent to the 
superficial ring, and it is not necessary to divide the 
external oblique aponeurosis. Surgical intervention is 
urgently required in infants with an extroverted urinary 
bladder; an undescended testis, with or without torsion; 
or an ectopic testis. In girls, the presence of the ovary, 
fallopian tube, or uterus in the hernia sac must be ruled 
out before ligation.

Surgical repair of indirect inguinal hernias in adults 
can be performed using an open or laparoscopic 
approach. Modern surgery of inguinal hernias began 
about 70 years ago, when Bassini (in Padua, Italy) and 
Halsted (in Baltimore, Maryland) simultaneously and 
independently developed operative techniques, the fun-
damental principles of which were identification and 
excision of the persistent sac, reparation of the defective 
deep ring, and strengthening of the posterior wall of 
the inguinal canal. Whether open or laparoscopic, suc-
cessful hernia repair depends on a tension-free closure 
that can be achieved either with a primary approxima-
tion or with the use of a mesh. Open repair is generally 
indicated for strangulated or large inguinal hernias or 
in cases where there is ascites or previous pelvic surgery. 
The open approach is also preferred for repair of uni-
lateral inguinal hernias in men. If the open approach is 
planned, the use of tension-free mesh has to be consid-
ered. The use of mesh generally reduces recurrence, but 
the risk of infection is increased if the hernia is compli-
cated by incarceration or strangulation. The most 
common open mesh repair techniques used are the 
Lichtenstein repair and the “plug and patch” repair. 
When the mesh cannot be used, as in wound infection, 
primary approximation can be achieved using tradi-
tional open techniques such as the Bassini, Shouldice, 
and McVay repairs.

Laparoscopic hernia repair is increasingly popular, 
and under expert hands, recurrence rates are low. In the 
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to avoid mesh migration and shrinkage, although care 
must be taken to avoid inadvertent nerve injury. The 
choice of which laparoscopic technique to use mainly 
depends on the expertise of the surgeon. The totally 
extraperitoneal hernia repair technique is generally rec-
ommended for male patients, whereas in women with 
indirect inguinal hernias or individuals who have 
undergone prior pelvic surgery, the transabdominal 
preperitoneal hernia repair approach offers an easier 
and safer method.
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funnel-like configuration around the vessels. Just below 
the inguinal ligament, the femoral sheath (and its most 
medial portion, the femoral canal) lies under cover of 
the fascia lata, except in the region of the fossa ovalis, 
where the cover consists of the much weaker cribriform 
fascia. An advancing femoral hernia, after having 
entered the femoral ring, opens up the femoral canal, 
displacing and narrowing the femoral vein. The hernial sac 
usually emerges through the fossa ovalis, pushing the 
cribriform fascia ahead of it. The sac may then turn 

femoral hernIa

A protrusion of parts of the abdominal viscus or of 
peritoneal fatty tissue through the femoral ring is 
termed a femoral hernia. Its incidence is far lower than 
that of the inguinal hernias. It is very seldom seen in 
children and is more common in women than in men 
(ratio 3 : 1). The right side is affected twice as frequently 
as is the left. Femoral hernias appear to be an acquired 
condition resulting from weakening or disruption of the 
fibromuscular tissue caused by an underlying connec-
tive tissue disorder or following injury or from increased 
intraabdominal pressure. The higher incidence in 
parous women suggests muscular weakening related to 
pregnancy or childbirth, but this finding has not been 
demonstrated in studies.

The protruding structures, pushing ahead their peri-
toneal covering and adherent tissue (mostly fat tissue), 
descend almost vertically behind and beneath the ingui-
nal ligament and through the femoral ring. This ring 
presents the superior margin of the only potential  
space in most persons, known as the femoral canal, 
which is in reality the most medial portion of the 
venous compartment of the femoral sheath (i.e., ante-
riorly, a downward prolongation of the transversalis 
fascia over the femoral vessels, and posteriorly, a con-
tinuation of the pectineal fascia derived from the iliac 
fascia). Medially, these two fascial layers are adherent 
to each other, and as they descend, they blend with the 
adventitia of the vessels, so that the sheath assumes a 
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upward and may even extend to the region in front of 
or above the inguinal ligament by following the super-
ficial epigastric vessels, or the sac may turn medially 
toward or into the scrotum or labium majus, respec-
tively. Laterally, the sac may pass over the femoral 
vessels or may descend downward along the saphenous 
vein. The neck, however, remains always below the 
inguinal ligament and lateral to the pubic tubercle, and 
the fundus of the sac lies usually in the medial part of 
the Scarpa triangle (trigonum femorale). A rather 
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dermoid cysts, and other processes, which can produce 
a local, soft, and fluctuant swelling. The omentum and 
small bowel are the most frequently herniated struc-
tures, but the presence of an appendix (usually inflamed), 
a Meckel diverticulum, or a portion of the bladder (type 
of sliding hernia), ureter, or broad ligament has also 
been observed.

The treatment of a femoral hernia is surgical. Due to 
the higher incidence of complications, surgical repair 
of a femoral hernia is recommended earlier rather than 

surprising number of varieties, some indeed very rare, 
have been described. The sac may rest on the femoral 
sheath anterior to the femoral vessels (prevascular hernia) 
or may descend behind the vessels (retrovascular hernia). 
The sac may become divided at the femoral ring, one 
part following the normal route and another being 
directed toward the obturator foramen. A femoral hernia 
may also become bilocular by virtue of an aberrant obtu-
rator artery. It also has been observed that a direct 
inguinal hernia may shift to the femoral region instead 
of descending into the scrotum (cruroscrotal hernia), thus 
simulating a femoral hernia.

Femoral hernias can be easily overlooked if small, but 
when part of the intestine is contained in the sac, pain 
is likely to be severe. Complications occurs with great 
frequency, with 40% of cases presenting as emergencies 
as strangulation or incarceration. The diagnosis can 
usually be made upon finding a soft bulge at the femoral 
fossa located above the inguinal ligament and lateral to 
the pubic tubercle. Difficulties in the differential diag-
nosis may arise if the hernial sac has turned upward over 
the inguinal ligament along the superficial epigastric 
vein. In diagnosing a femoral hernia, reducible or not, 
one must exclude also inguinal adenitis, lipoma, vari-
cosities of the saphenous vein, psoas abscess, obturator 
hernia, hydrocele of the femoral sac, hydatid cysts, 
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later. Open repair using the nonmesh McVay technique 
is preferred to treat complicated femoral hernias; there 
is an increased risk for recurrence due to tension at the 
suture line, however. The use of mesh reduces the 
chance of recurrence. Various mesh repair techniques 
can be used, except for the Lichtenstein repair, which 
does not cover the femoral ring. Laparoscopic repair of 
femoral hernias is also possible; both the transabdomi-
nal preperitoneal hernia repair and the totally extraperi-
toneal hernia repair can be used.

femoral hernIa (Continued)
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hernia, and technical issues, such as the surgeon’s expe-
rience, type of anesthesia, type of repair, use of mesh, 
and type of suture material, contribute to recurrence. 
Recurrence can be early (within 5 years of the repair) 
or late (> 5 years after the repair). Earlier recurrence 
suggests technical problems, whereas late recurrence is 
associated with patient-related problems. Repair of a 
recurrent hernia can be approached through an open 
or a laparoscopic method. Most surgeons incorporate 

complIcatIonS anD SpecIal 
formS of InguInal anD 
femoral hernIaS

HERNIAL INCARCERATION AND 
STRANGULATION

If the sac and the contents of a hernia cannot be replaced 
within the peritoneal cavity, the hernia is termed an 
irreducible or incarcerated hernia. Left untreated, edema 
develops, leading to obstruction of venous blood flow 
and then arterial blood flow, with subsequent ischemia 
and necrosis of the hernial contents (strangulation). A 
sharp pain over the very tender hernial area is usually 
present, and the pain may also be referred to the umbi-
licus. Vomiting of gastric contents begins early, but its 
character soon changes to bilious and finally to feculent 
vomiting. Systemic signs of acute circulatory collapse 
ensue, with bowel necrosis and frank perforation. Gen-
eralized peritonitis may not occur, because the necrotic 
tissue is trapped within the hernial sac. Surgical inter-
vention, in such cases, is urgently required. For incar-
cerated and strangulated groin hernias, the operating 
table may be placed in the reverse Trendelenburg posi-
tion during induction of anesthesia to decrease the like-
lihood that the hernia will reduce spontaneously. The 
first operative step upon opening the hernial sac is 
inspection of the herniated intestinal loop to determine 
the viability. If the incarcerated loop is deemed to be 
viable (return of red color, restoration of elasticity, firm-
ness, and shiny appearance), it is permitted to return 
into the peritoneal cavity. If it is deemed nonviable 
(black, green, or yellowish patches; loss of peritoneal 
luster; flabby consistency), it must be resected. The 
decision to perform primary anastomosis or to exterior-
ize the loop through an ostomy depends on the health 
of the rest of the intestine and the patient’s condition.

RECURRENT HERNIA

The incidence of recurrent hernia ranges from 0.5% to 
33%, depending on the location and the type of repair. 
Patient factors, such as age, obesity, and duration of the 
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mesh to create a tension-free repair, even for recurrent 
hernias. Additionally, an anatomic approach that avoids 
previously dissected tissues is recommended. Failed 
anterior repairs should be approached using a posterior 
approach, and vice versa. If mesh was used for the 
primary repair, attempts should not be made to remove 
the mesh used previously, unless there is evidence of 
infection or the mesh used previously was believed to 
be causing pain.
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hernia. The preoperative insertion of a catheter into the 
bladder is important if any suspicion exists that the 
bladder participates in the contents of the hernial sac.

A rare type of hernia called reduction en masse (dis-
placed hernia) occurs when the contents of the hernial 
sac return to the peritoneal cavity while within the sac, 
the neck of which is so small and unable to dilate that 
the intestinal loop cannot retreat. Other complications 
arise when the sac’s contents become inflamed, as may 
happen especially with the appendix vermiformis, with 

SpecIal formS of hernIa

A special form of hernia has been termed sliding hernia 
(en glissade). The protruding structure in this variety of 
hernia is a partially extraperitoneal viscus such as cecum 
or sigmoid colon, or, occasionally, the ovaries and fal-
lopian tubes. The most probable mechanism producing 
such a situation is a partial detachment of the parietal 
peritoneum from the underlying structure, permitting 
the parietal peritoneum to “slide” on top of the viscus 
and its visceral serosa through the hernial opening. The 
herniated viscus is thus only partially enclosed in the 
sac, because the posterior margin of the sac is reflected 
onto the viscus itself to form the visceral peritoneum 
thereof. It should, however, be realized that the major-
ity of herniations involving the colon are not of the 
sliding variety. In most instances, the large bowel in a 
hernial sac is entirely covered with peritoneum and is, 
therefore, freely movable and readily reducible unless 
adhesions are present. The procedures recommended 
to repair this sliding type of hernia differ from those for 
an indirect or direct hernia. The peritoneal protrusion, 
including the contiguous bowel, is drawn into the 
wound. The sac is opened, and the herniated intestine 
is freely mobilized by dividing its peritoneal attachment 
to the peritoneal wall of the sac, carefully avoiding 
injury to subjacent vessels. After the visceral organ is 
replaced in the peritoneal cavity, the neck of the sac is 
obliterated by approximating it to the transversalis 
fascia below. The remainder of the operation corre-
sponds to the traditional open McVay technique.

The bladder may also herniate through the internal 
deep inguinal ring as an indirect inguinal hernia or it 
may pass medial to the deep inferior epigastric vessels 
as a direct hernia. The protruding part of the bladder 
may be enclosed in a peritoneal fold (intraperitoneal 
indirect or direct hernia), or the peritoneal fold may only 
partly accompany the protruding organ, lying above it 
(direct or indirect paraperitoneal hernia). These latter 
forms are in reality sliding hernias. A portion of the 
bladder not covered by peritoneum may herniate, 
usually by the direct pathway (extraperitoneal hernia). 
Finally, a peritoneal hernial sac may form, entering the 
inguinal canal through the deep ring, while the bladder, 
usually an extraperitoneal part, protrudes medial to the 
inferior epigastric vessels (pantaloon or saddlebag hernia), 
the vessels, so to speak, forming the “crotch” of the 
pantaloon. The bladder may enter the hernial sac by 
becoming adherent to the lateral aspect of the medial 
wall of the sac, so that the bladder forms one of the sac’s 
covers, particularly in massive hernias. The history pre-
sented by patients with bladder protrusion is usually 
that of a long-standing, large, irreducible hernia, which 
diminishes or disappears after urination. Besides the 
bladder, the sac often contains intestine and/or 
omentum. Operation of a bladder hernia involves 
special techniques, beginning with a rather wide supra-
pubic incision. If the hernia is of moderate size, it has 
been customary merely to plicate the redundant part, 
but, in view of the frequent recurrences in this variety 
of hernia, it seems advisable to excise the diverticular 
protrusion and to close the aperture. The remainder of 
the operation is then the same as with any other direct 

Plate 2-61 

Inflamed appendix
in hernial sac

Internal 
inguinal
ring

Internal 
inguinal
ring

Continuity of
bowel lumen

Protrusion
of one wall
of bowel
(or Meckel
diverticulum)

Littré hernia

Maydl hernia

a Meckel diverticulum, or when only a part of the intes-
tinal wall (partial enterocele, sometimes called Littré 
hernia) gets caught in the sac. Another rare variety of 
hernia, termed the hernia-in-W, or Maydl hernia, devel-
ops when the sac contains two intestinal loops but the 
connecting portion between them is left in the perito-
neal cavity and subsequently gets squeezed, strangu-
lated (retrograde strangulation), and, finally, gangrenous 
as a result of a narrow neck and the pressure exercised 
upon the loops where they enter and leave the sac.
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are taking medications such as glucocorticoids, or who 
experience postoperational strain, as well as poor surgi-
cal technique, are all factors that interfere with ade-
quate wound healing and predispose to the development 
of incisional hernias. The risk of incarceration with 
incisional hernias is high even in small defects; there-
fore, surgical repair should be considered unless clear 
contraindications exist.

Diastasis of the rectus abdominis muscles cannot be con-
sidered a true hernia. It is caused by a stretching or 

ventral hernIa

Ventral hernias represent defects in the parietal abdomi-
nal wall fascia and muscle through which intraabdomi-
nal or periperitoneal contents can protrude. They 
include hernias that arise at the linea alba (umbilical 
hernia and epigastric hernia) and at the semilunar line 
(spigelian hernia). Ventral hernias may be congenital or 
acquired from poor healing of an anterior abdominal 
wall incision (incisional hernia). Primary hernias of the 
linea alba are uncommon and appear more often in men 
than in women. They usually occur above the umbilicus 
just to the left or right of the midline and are referred 
to as epigastric hernias but can also rarely occur below 
the umbilicus. They develop as a result of a weakness 
in the fascial wall where the ventral cutaneous blood 
vessels emerge and rarely have a peritoneal sac or 
contain any viscus. Hernias located to the right of the 
midline usually contain fat of the falciform ligament, 
whereas those located on the left contain properitoneal 
fat. Most epigastric hernias are symptom-free and are 
discovered only upon routine physical examination. 
Occasionally, they may cause colicky pain or a “drag-
ging” sensation in the epigastrium, with nausea, dys-
pepsia, and even vomiting. In children, epigastric 
hernias tend to close spontaneously with age.

Umbilical hernias occur at the umbilical ring and may 
present at birth or later in life. Umbilical hernias occur 
in 10% of newborns and are more common in prema-
ture infants. The hernia is often first noticed when 
intraabdominal pressure increases when the infant is 
crying, causing a protrusion. These hernias are usually 
small and disappear spontaneously by the fifth year. If 
closure does not occur, elective surgical repair is usually 
advised. In adults, these hernias may also be small; 
however, they may attain a larger size and cause a 
variety of symptoms, particularly when a peritoneal sac 
contains omentum and/or viscera or in cases of uncon-
trolled ascites. Furthermore, large hernias may become 
irreducible and incarcerated.

Small and asymptomatic umbilical hernias in adults 
can be followed clinically, but larger ones require oper-
ation by primary sutured repair or placement of pros-
thetic mesh using open or laparoscopic methods.

A spigelian hernia appears at the point where the linea 
semilunaris and the linea semicircularis join and where 
the inferior epigastric vessels pierce the posterior wall 
of the rectus sheath. They generally appear in midlife, 
with an equal incidence in men and women. This type 
of hernia is assumed to be acquired and develops slowly. 
Spigelian hernias always have a peritoneal sac, with an 
overlying lipoma, but seldom reach more than 2 to 
3 cm in diameter. The symptoms and the surgical repair 
are similar to those of an umbilical hernia.

Incisional hernias develop at the site of a previous 
abdominal procedure, including laparoscopic port sites. 
The incidence ranges from 10% to over 20% in patients 
who develop wound infections. Patients who are obese, 
who smoke, who are suffering from malnutrition, who 
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widening of the linea alba and can be seen shortly after 
birth as a bulge sometimes extending from the xyphoid 
process to the umbilicus. It also occurs in adults, mostly 
in multiparous middle-aged women. In infants, the 
diastasis disappears with development and growth. In 
adults, this condition is usually asymptomatic with no 
clinical significance, but when it is symptomatic and a 
properly fitted belt does not help, an operation similar 
to those recommended for ventral hernia, must be 
performed.



 Lower Digestive Tract: PART II

94 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

rotated outward so as to relax the pectineus, adductor 
longus, and obturator internus muscles. Pain, charac-
terized by its distribution along the obturator nerve and 
known as the Howship-Romberg sign, is pathognomonic 
of an obturator hernia but is by no means invariably 
present. Pain may extend as a dull ache down the medial 
aspect of the thigh to the knee or below it. The neck 
of the sac may be palpated during rectal or vaginal 
examination when the hernia is sufficiently large. Gas-
trointestinal symptoms (nausea, vomiting, colicky pain, 

lumBar anD  
oBturator hernIaS

Lumbar hernias can develop in one of two naturally 
occurring defects in the lumbar region. One of these 
defects is the inferior lumbar space, or Petit triangle, 
which is bordered laterally (just above the iliac crest) by 
the posterior margin of the external oblique muscle and 
medially by the latissimus dorsi muscles. The other 
defect, the superior lumbar space, also known as the Gryn-
feltt or Grynfeltt-Lesshaft triangle, is bounded above by 
the twelfth rib and the serratus posterior inferior 
muscle, medially by the erector spinae muscle, and 
inferolaterally by the internal oblique muscle. Hernias 
that protrude through these spaces are called lumbar 
hernias and as a rule contain a sac that consists of peri-
toneum, extraperitoneal tissue, or fat and omentum. 
Rarely, it may contain large or small intestine or the 
kidney, the latter, of course, without any peritoneal 
investment. Lumbar hernias can be congenital or spon-
taneous, but most are related to a prior urologic surgery. 
The protrusion lies behind a heavy layer of fat or 
muscle, and in most cases, a bulge, over which an 
impulse can be felt on coughing, is the only sign. Occa-
sionally, the patient may complain of pain in the loin or 
of nausea. The hernia, usually easily reducible, may 
become irreducible, but strangulation is only a very rare 
event. Repairs can be performed laparoscopically or via 
an open approach. The use of mesh is almost always 
required; its use can be complicated by chronic postop-
erative pain related to the difficulty in fixing the mesh 
to the costal margin.

Obturator hernias are a rare type of abdominal wall 
hernia that develop through the obturator foramen 
alongside the obturator vessels and nerve. It is caused 
by weakening of the obturator membrane, resulting in 
enlargement of the canal. It is often seen in the right 
side but can be bilateral and appears to be more 
common in women. The obturator hernia usually con-
sists of a peritoneal sac and may contain small or large 
intestine, appendix, omentum, bladder, ovary, fallopian 
tube, or uterus. The sac may pass completely through 
the foramen and come to lie upon the obturator exter-
nus covered by the pectineus muscle. In some instances, 
it may pass between the fasciculi of the obturator exter-
nus muscle or even insert itself between the layers of 
the obturator membrane. Needless to say, in view of the 
depth at which it lies, the diagnosis of an obturator 
hernia is extremely difficult. A slight bulge may or may 
not be noticeable as a tender, tense mass in the upper 
obturator region (i.e., the upper, inner part of the 
femoral [Scarpa] triangle) when the patient is in the 
dorsal position with the thigh flexed, adducted, and 
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constipation) rarely appear before complications arise 
(i.e., when strangulation occurs, which, with an obtura-
tor hernia, is a relatively frequent event). The differen-
tial diagnosis must take into consideration inguinal 
adenitis; psoas abscess; obturator neuritis; diseases of 
the hip joint; internal, perineal, and femoral hernias; 
and other causes of intestinal obstruction. Nonstrangu-
lated obturator hernias can be repaired using a mesh, 
via a posterior method. If strangulation is suspected, 
however, an abdominal approach is recommended.
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urogenital diaphragm and present in the posterior part 
of the labium near the fourchette. The posterior perineal 
hernias may escape between the subdivisions of the 
levator ani muscle, between the fasciculi of that muscle, 
or between the levator ani and coccygeus muscles, and 
in both sexes may enter the ischiorectal fossa to present 
ultimately below the margin of the gluteus maximus 
muscle and thus may resemble a sciatic hernia (see 
above). Perineal hernias usually have a peritoneal sac 

ScIatIc anD perIneal hernIaS

The diagnosis of a sciatic hernia is as difficult as is that 
of an obturator hernia, unless the hernia is rather large 
and bulges into the thigh. These hernias pass through 
the greater sciatic foramen above (suprapiriform hernia) 
or below (infrapiriform hernia) the pyriformis muscle, 
or through the lesser sciatic foramen (spinotuberous 
hernia). The patients occasionally complain of pain, the 
distribution of which fits the distributional pattern of 
the great sciatic nerve. Lipoma, gluteal aneurysm, or 
abscess must enter into the differential diagnosis. Stran-
gulation of the hernial contents occurs frequently and 
may be the cause of intestinal obstruction. The surgical 
repair of a sciatic hernia is performed using an abdomi-
nal route, a transgluteal route, or a combined approach.

Perineal hernias are hernias that protrude through the 
floor of the pelvis. They usually follow surgery or occur 
in older multiparous women. The anterior variety of 
perineal hernia, also known as pudendal or labial hernias, 
which seem to occur exclusively in women, may pass 
through the urogenital diaphragm and present in the 
middle of the labium majus, where they resemble the 
appearance of a cyst of the Bartholin gland. They also 
may emerge just behind the medial part of the 
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containing omentum, a loop of the large or small gut, 
or other viscera. These hernias must be differentiated 
from cysts and tumors of the vulva, in the case of the 
anterior variety, and from anorectal abscesses of or 
tumors growing through the ischiorectal space. The 
perineal hernias are usually reducible but may occasion-
ally become strangulated. For their repair, an abdomi-
nal or a combined perineal and abdominal approach has 
been recommended.
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intestinal obstruction set in and when a mass in the 
corresponding region can be palpated. Plain abdominal 
x-ray reveals signs of intestinal obstruction. Until 
recently, small bowel follow-through has been the 
method of choice for diagnosing internal hernias. The 
typical finding on a small bowel follow-through is 
crowding of bowel loops in an abnormal location in the 
abdomen or pelvis, often appearing as though they  
are contained in a sac or confining border, and usually 
with varying degrees of small bowel obstruction. CT 

Internal hernIa

An intraabdominal structure, essentially a loop of the 
small intestine, may enter a normal or an adventitious 
peritoneal or mesenteric aperture and thus form an 
internal hernia. These defects may be congenital from 
an abnormal development in fetal life or they can be a 
result of iatrogenically created defects in the mesentery 
following a Roux-en-Y gastric bypass procedure or liver 
transplant surgery. Internal hernias can be classified 
according to the anatomic distribution into paraduode-
nal, pericecal, intersigmoid, or transmesenteric hernias. 
The most common type is the paraduodenal hernia, 
which is on the left side in 75% of patients. Paraduo-
denal hernias are believed to occur because of congeni-
tal herniation of small bowel into the fossa of Landzert, 
located to the left of the fourth portion of the  
duodenum. The herniated bowel can extend into the 
descending mesocolon and distal transverse mesocolon. 
Twenty-five percent of paraduodenal hernias are right 
sided, involving the mesentericoparietal fossa of 
Waldeyer, located in the jejunal mesentery inferior to 
the third duodenum.

Internal hernias may remain asymptomatic, with 
incidental diagnosis made during an unrelated abdomi-
nal surgery or during autopsy. The clinical symptoms 
could be nonspecific nausea and bloating accompanied 
by distention, or acute and life-threatening volvulus and 
intestinal obstruction may develop. The presence of  
an internal hernia may be suspected when signs of 
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scanning has been increasingly useful in identifying 
internal hernias in recent years.

In operating on these hernias when they are discov-
ered at laparotomy, it is important to bear in mind that 
in practically every case of internal hernia, a major 
blood vessel courses across the anterior margin of the 
hernial neck. It is thus dangerous to incise the neck of 
the sac; it may be preferable to open the wall of the sac 
beyond the neck and to decompress the gut in order to 
make reduction possible.
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narrowing of the lumen. Resection should be avoided 
as much as possible, and even when the perforations are 
closely situated, individual closure is preferable if this 
permits adequate repair. On the other hand, if the per-
forations are large and are located near each other, if the 
bowel is practically divided, or if the segment is 
destroyed, resection should be done. Resection is also 
necessary in cases in which a segment of bowel is devi-
talized because of interference with its blood supply as 
a result of detachment of its mesentery or division or 

aBDomInal wounDS of  
Small InteStIne

Injuries of the small intestine are common in penetrat-
ing abdominal trauma. The ileum is most frequently 
involved (71%); the jejunum is next (23%); and duode-
nal injuries (6%) are the least frequent. Other viscera 
may be injured in association with wounds of the small 
intestine and include the colon, stomach, bladder, liver, 
kidneys, rectum, and spleen. Because of the multiple 
coils of small intestine, usually more than one segment 
of the bowel is injured even by a single-projectile injury. 
Among abdominal war injuries, those of the small intes-
tine are perhaps the most important, because of their 
relative frequency and high mortality rates. Although 
injuries of the duodenum are the least common, they 
are associated with the highest mortality rates. Bullets 
may cause contusion of the outer intestinal coat but 
usually produce small punctate wounds, one on each 
side of the bowel, with everted mucosa giving the 
appearance of small rosettes. In other cases, especially 
when the path of the bullet has approximated the long 
axis of the bowel, the perforations are more extensive, 
varying from simple slits to large gaping wounds that 
almost completely divide the bowel. Fragments of shells 
and bombs usually produce greater tissue damage, with 
more variable and irregular wounds. Bayonet and knife 
wounds, which are almost nonexistent in modern 
warfare, vary from small slits to actual division of the 
bowel. The clinical manifestation depends on the loca-
tion and extent of the injury. Abdominal pain and evi-
dence of peritoneal irritation, with localized or diffuse 
tenderness and rigidity, are common. Hemorrhage 
occurs in all perforating wounds of the small intestine, 
but the amount depends upon the degree of damage to 
the vessels of the mesentery. The most common causes 
of death are peritonitis, hemorrhage, and shock.

Injuries of the small intestine demand surgical repair as 
early as possible. Careful inspection of the entire length 
of the small intestine is essential, beginning at either 
the ileocecal junction or at the duodenojejunal junction, 
whichever is more convenient. Evisceration of large 
portions of the bowel should be avoided, and the 
inspection should be made by withdrawing and replac-
ing lengths of about 15 to 20 cm at a time. All abnor-
malities should be thoroughly evaluated and tagged 
(e.g., with a bowel clamp), but definitive repair should 
not be undertaken until the entire length of bowel has 
been examined. This not only prevents further trauma 
but permits the surgeon to examine a sufficient length 
of the intestine adjacent to the perforations and thus to 
determine whether the perforations should be repaired 
individually or the segment resected. The inspection 
and repair should be so thorough that reexamination is 
unnecessary. Practically all small perforations can be 
repaired by hand-sewn and stapled techniques. In small 
lacerated wounds, closure should be effected transverse 
to the long axis of the bowel in order to prevent 
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thrombosis of the mesenteric vessels. When resection 
is necessary, primary anastomosis can be performed 
using a one-layer or two-layer hand-sewn or stapled 
technique.

The use of antibiotics to control infection and sup-
portive measures with intravenous fluids and blood 
products is essential to successful therapy. Physiologic 
rest of the bowel for the first few days postoperatively 
should be established by avoiding oral feedings and by 
instituting gastrointestinal intubation and suction.
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peritoneal cavity. The mesentery may be torn in a rela-
tively avascular area, with little hemorrhage, or it may 
be detached from the intestine, with consequent devi-
talization of the affected segment of bowel.

In dealing with wounds of the mesentery, the essen-
tial factors are arrest of hemorrhage and viability of the 
bowel. In cases in which the wound in the mesentery 
has not interfered with the blood supply of the intes-
tine, hemorrhage is best controlled by individual liga-
tion of the vessels at the torn edges. In such cases, 

aBDomInal wounDS  
of meSentery

Wounds of the mesentery, variable in type and extent, 
sometimes occur as independent lesions but are usually 
complications of intestinal wounds. They range from 
simple hematomas or perforations to irregular, jagged 
tears or lacerations. Their significance lies in the degree 
of damage to the vessels supplying the bowel. Damage 
to these vessels may result in hemorrhage between the 
leaves of the mesentery or into the retroperitoneal 
space with the formation of a hematoma, or into the 
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closure of the wound by suturing is inadvisable and is 
best accomplished by grasping the edges with forceps 
and ligating the tissue at the tips of the approximated 
forceps. In the presence of a hematoma in which bleed-
ing has apparently stopped and in which evidence of 
impairment of the blood supply of the nearby intestines 
can be excluded, nothing need be done. If, however, 
even a suspicion of continued bleeding remains or if the 
hematoma is enlarging, a careful search for the bleeding 
vessel must be undertaken.



 Small Bowel

THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS 99

When it is fairly certain that no perforation has 
occurred, treatment is conservative and like that of 
other nonpenetrating abdominal injuries. Resuscitative 
measures must be instituted early, but plasma and blood 
transfusions should be administered cautiously in cases 
of lung injury. For the same reason, anesthesia is 
challenging.

If there are any signs of perforation or any doubt 
exists, laparotomy should be done as early as possible. 

aBDomInal wounDS reSultIng 
from BlaSt InjurIeS

Blast-related injury has traditionally resulted from one 
of four mechanisms. Primary blast injuries are caused 
when the blast wave propagates from the detonation 
center through the victim, causing damage to predomi-
nantly air-filled organs. The small intestine is the most 
common visceral organ inured by primary blast injuries. 
The injurious effects of the blast wave are far more 
pronounced in a closed space because instead of dissi-
pating, the wave may be enhanced as it reflects and 
reverberates off surfaces. Immersion, or underwater, blast 
injuries of the abdomen are produced by a sudden wave 
of positive pressure from underwater explosions. When 
such waves strike a person floating nearby, the intraab-
dominal organs, and to some extent the intrathoracic 
organs, suffer the most damage. The mechanism is not 
completely understood, but the pressure probably is 
transmitted through the body as if the tissue were water. 
Secondary blast injuries are caused by fragments and by 
far have had the most lethal effects of injuries caused 
by explosions. Tertiary blast injuries occur when a victim 
is physically displaced by forceful air movement or is 
crushed during structural collapse, and quaternary 
injuries include burns and inhalational injury. A fifth 
category, hyperinflammatory injury, has been recently 
suggested.

The size of the charge and the distance of the patient 
from the explosion, amount of gas in the hollow viscera, 
and, perhaps, position and degree of submersion influ-
ence the extent and type of injury. After an air blast 
injury, abdominal pain may be entirely absent initially, 
but the wound may progress to acute peritonitis days 
after the injury. Alternatively, the patient may exhibit 
signs of frank perforation at the outset. In some cases, 
testicular pain may be the only symptom. Victims of 
immersion blasts describe a temporary, paralyzing 
numbness of the abdomen and legs after the initial 
impact, followed by an urge to urinate or defecate. 
Symptoms usually abate by the time of rescue, but 
severe, sharp and stabbing, or colicky abdominal pain 
soon develops. Severe nausea, hematemesis, bloody 
diarrhea, diffuse abdominal tenderness, and rigidity 
appear in cases with perforation and peritoneal irrita-
tion. Symptoms subside relatively rapidly in the absence 
of perforation. Typical gastrointestinal tract injuries 
consist essentially of intramural hematomas that perfo-
rate up to 14 days after injury. The former are mostly 
multiple and petechial and involve the submucosal and 
subperitoneal layers of the small intestine, especially the 
lower ileum and the cecum. The size and shape of the 
injuries vary widely. The larger lesions can lead to gan-
grene of the bowel. Bleeding also occurs in the loose 
areolar retroperitoneal tissue. Perforations or tears are 
less frequent and are more likely to involve the small 
intestine. They are circular or linear, with everted 
edges, giving a blown-out appearance. Generalized or 
localized peritonitis often appears later. No laboratory 
tests can reliably demonstrate the presence of intestinal 
primary blast injury. Likewise, abdominal imaging does 
not reliably predict intestinal injury.

The prognosis depends on the extent of visceral 
injury and the time to intervention, as well as the pres-
ence of associated injuries. Early deaths are due to 
shock, whereas late deaths are caused by infection and 
peritonitis.
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Surgical procedures for abdominal blast injuries are 
similar to those for abdominal injury from any other 
cause; isolated small bowel lesions can be repaired, 
unless they are multiple or are associated with signifi-
cant mesenteric devitalization or mural hemorrhage, 
when resection and anastomosis can be performed 
safely. In addition to the customary postoperative mea-
sures, continuous gastroduodenal suction and antibiotic 
therapy are important.
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defect, a ventral septal defect, or an extracardiac com-
municating structure such as a pulmonary arteriove-
nous malformation.

In both arterial and venous occlusion, the intestine is 
able to compensate for a reduction of approximately 
75% in mesenteric blood flow for up to 12 hours 
without significant injury. After a prolonged period of 
ischemia, however, bowel edema develops, followed by 
mucosal stress ulceration and subsequent full-thickness 

meSenterIc vaScular 
occluSIon

Mesenteric vascular occlusion is an uncommon vascular 
disease that results in reduced blood flow to the intes-
tine. Ischemia affecting the small intestine is referred 
to as mesenteric ischemia. Ischemia affecting the large 
intestine is referred to as colonic ischemia and is discussed 
in the section on the colon. Mesenteric ischemia can 
arise from thromboembolic occlusion of either the mes-
enteric artery or the mesenteric vein. Ischemia can also 
arise from vasospasm of the mesenteric artery. The 
extent of the resultant pathologic changes, the rate of 
tissue damage, and the severity of the clinical picture 
are dependent on the nature and location of the vascular 
involvement. Acute intestinal ischemia refers to the 
sudden onset of small intestinal hypoperfusion, which 
can be due to occlusive or nonocclusive obstruction of 
the arterial blood supply or obstruction of venous 
outflow. The clinical consequences can be catastrophic, 
including sepsis, bowel infarction, and death. Chronic 
mesenteric ischemia, on the other hand, presents with 
episodic intestinal hypoperfusion, usually as a result of 
mesenteric atherosclerosis. In general, arterial blockade 
tends to affect the main superior mesenteric artery, 
causing rapid and extensive hemorrhagic infarction of 
the small bowel and right colon. Mesenteric venous 
thrombosis more commonly involves the proximal and 
mid small bowel in a segmental or patchy distribution. 
The major causes of mesenteric ischemia are mesen-
teric arterial embolism (50%), mesenteric arterial 
thrombosis (15% to 25%), mesenteric venous throm-
bosis (5%), and nonocclusive mesenteric ischemia due 
to intestinal hypoperfusion (20% to 30%). Accordingly, 
intestinal ischemia is categorized by cause as arteriooc-
clusive mesenteric ischemia, nonocclusive mesenteric 
ischemia, and mesenteric venous thrombosis.

The primary arterial supply of the small intestine 
comes from the superior mesenteric artery; both the 
superior mesenteric and inferior mesenteric arteries 
supply the colon. The venous drainage parallels the 
arterial supply. There is extensive collateralization 
between the mesenteric vessels, which is a protective 
mechanism against intestinal ischemia. Occlusive isch-
emia may arise from emboli that commonly arise from 
the heart or from progressive thrombosis of at least two 
of the major mesenteric arteries supplying the intestine. 
Paradoxic emboli can rarely originate in the systemic 
venous circulation, entering the systemic arterial circu-
lation through a patent foramen ovale, an atrial septal 
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THROMBOSIS OF MESENTERIC ARTERY

necrosis of the bowel wall with eventual perforation. 
Nonocclusive ischemia, on the other hand, results in 
splanchnic hypoperfusion and is caused by widespread 
mesenteric vasoconstriction in response to severe dehy-
dration or shock.

The incidence of acute mesenteric ischemia is on the 
rise, in part due to an aging population with increased 
arteriosclerotic disease and due to prolonged survival of 
critically ill patients. In younger individuals without 
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ascites. A high index of suspicion based on the history 
and physical findings is necessary to make an early diag-
nosis. Magnetic resonance venography or CT scanning 
can be used to demonstrate thrombus within the mes-
enteric veins.

Patients with peritonitis or signs of bowel infarction 
require surgical intervention. In patients with acute or 
subacute venous thrombosis without an indication for 
surgery, anticoagulant therapy should be initiated to 

cardiovascular disease, mesenteric venous thrombosis is 
the major cause of acute intestinal ischemia and can 
arise from local intraabdominal inflammatory pro-
cesses, such as inflammatory bowel disease, or an inher-
itable thrombophilia, such as the factor V Leiden 
mutation.

Acute occlusive mesenteric ischemia typically presents 
with sudden onset of severe periumbilical pain that is 
“out of proportion” to findings on the physical exami-
nation, accompanied by nausea and vomiting. Examina-
tion may show the abdomen to be normal or mildly 
distended early in the course, but as the bowel ischemia 
progresses, signs of peritonitis develop, with abdominal 
distention, tenderness, and hemodynamic changes indi-
cating impending shock. Laboratory findings are non-
specific and may include marked leukocytosis, metabolic 
acidosis with an elevated lactate level, and an elevated 
D-dimer; normal values do not exclude acute mesen-
teric ischemia, however, and none of these tests should 
be used to rule out the diagnosis. Rapid diagnosis is 
imperative for patients with clinical features suggestive 
of acute intestinal ischemia and requires a high index of 
suspicion. Plain radiographs are most useful for exclud-
ing other causes, such as bowel obstruction and bowel 
perforation, rather than for ruling in mesenteric isch-
emia and can be normal in more than 25% of patients 
with ischemia. More specific signs, when present, indi-
cate more advanced stages of ischemia and include 
thumbprinting resulting from edema and hemorrhage, 
as well as pneumatosis and portal vein gas.

Duplex ultrasound can identify stenosis in the celiac 
artery or superior mesenteric artery; distended air-filled 
intestinal loops often interfere with the test, however. 
CT scanning of the abdomen and pelvis should be the 
initial test if there is any suspicion of mesenteric isch-
emia, but arteriography may still be necessary in some 
patients. For patients with obvious peritonitis or bowel 
perforation, emergent operative exploration may be 
undertaken prior to any form of imaging.

In contrast to acute occlusion, patients with mesen-
teric venous thrombosis may present with variable degrees 
of abdominal pain that depends on the location and 
timing of thrombus formation. Often the pain develops 
insidiously over weeks or months and may or may not 
have an apparent antecedent cause. A subset of patients 
with chronic mesenteric venous thrombosis may be 
entirely asymptomatic until they develop complications 
of portal hypertension, such as variceal bleeding or 
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minimize extension of the thrombus. For patients with 
chronic mesenteric venous thrombosis, the decision to 
anticoagulate should be individualized, depending on 
the risk of bleeding. The prognosis in acute mesenteric 
venous thrombosis is more favorable than in arterial 
occlusion, but mortality rates in both can be as high as 
75% once bowel infarction develops. Early diagnosis is 
the single most important factor in the prognosis of 
intestinal ischemia.

meSenterIc vaScular 
occluSIon (Continued)
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the aortomesenteric angle. Enteral nutritional is pre-
ferred; this is achieved by passage of the nasoenteric 
tube distal to the obstruction into the jejunum. If 
enteral feeding is unsuccessful, total parenteral nutri-
tion may be necessary. If nonoperative efforts fail, sur-
gical intervention is indicated; several options exist.

Strong’s procedure involves mobilization of the duo-
denum outside the aortomesenteric angle by dividing 
the ligament of Treitz. This allows maintenance of the 
integrity of the bowel, but there is a 25% failure rate 

SuperIor meSenterIc 
SynDrome

Superior mesenteric syndrome, also known as Wilkie syn-
drome, arteriomesenteric duodenal compression, chronic duo-
denal ileus, or cast syndrome, is a rare form of proximal 
small bowel obstruction resulting from compression of 
the third portion of the duodenum between the supe-
rior mesenteric artery, anteriorly, and the abdominal 
aorta, posteriorly.

Normally, the superior mesenteric artery forms an 
angle of approximately 45 degrees (range, 38 to 65 
degrees) as it comes off the aorta. This angulation pro-
duces an aortomesenteric distance spanning 10 to 
28 mm without impingement on the duodenal lumen 
as the third portion traverses laterally toward the liga-
ment of Treitz. Reduction in this angle to less than 25 
degrees will decrease the aortomesenteric distance to 
less than 10 mm and lead to compression of the 
duodenum.

The most common cause of reduction in the aorto-
mesenteric angle is the loss of the duodenal fat pad after 
orthopedic surgical casting. Loss of the duodenal fat 
pad usually occurs after severe weight loss from severe 
debilitating diseases, such as AIDS, cancer, or a psycho-
logical disorder. In younger individuals, anatomic 
abnormalities or corrective surgery for scoliosis can 
contribute to this condition. In the latter case, length-
ening the spine cranially displaces the superior mesen-
teric artery origin and reduces the acuteness of the 
aortomesenteric angle, and it is thought to be related 
to the loss of the duodenal fat pad.

This unusual entity can occur at any age but is often 
seen in younger individuals, with a slight female to male 
preponderance. Classically, patients present with 
nausea, vomiting with inability to tolerate an oral diet, 
and intermittent abdominal pain. A history of recent 
orthopedic surgical casting or acute weight loss will be 
evident upon review. Depending on the cause, the 
symptoms may be acute, with obvious proximal small 
bowel obstruction, or insidious, with only postprandial 
epigastric pain and early satiety. The findings on physi-
cal examination can range from nonspecific distention 
to obvious signs of bowel obstruction, with succussion 
splashes and high-pitched sounds.

The diagnosis of superior mesenteric syndrome can 
be challenging and requires a high index of suspicion. 
The evaluation often starts with exclusion of other 
common disorders that cause similar symptoms. A plain 
abdominal film should be the initial imaging modality 
and may reveal gastric distention and dilated proximal 
small bowel loops. An upper gastrointestinal series with 
oral contrast can confirm the diagnosis, with a charac-
teristic oblique indentation seen toward the right lower 
quadrant on the third portion of the duodenum, cor-
responding to the course of the superior mesenteric 
artery. Similar findings can be seen with CT scanning. 
In cases where the diagnosis remains unclear, CT,  
MRI, or, rarely, conventional arteriography may be 
necessary.

The initial management is supportive, with fluid 
resuscitation and correction of electrolyte abnormali-
ties. Decompression of the stomach and proximal duo-
denum using a nasoenteric tube is often required and 
provides relief to the patient. Nutritional therapy is 
recommended as a first step to reverse the weight loss 
and bulk up the duodenal fat pad in order to increase 
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resulting from tethering of the inferior pancreaticoduo-
denal artery. Gastrojejunostomy is a feasible alternative 
because it alleviates the gastric obstruction; it does not, 
however, relieve the proximal duodenal obstruction and 
can perpetuate the symptoms. Open duodenojejunos-
tomy provides the best results but is associated with 
significant rates of morbidity. Laparoscopic duodenoje-
junostomy has been described as an alternative to lapa-
rotomy and may offer fewer risks, but experience with 
the procedure is limited.
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includes epigastric pain, weight loss, and vomiting. The 
epigastric pain is usually postprandial and is present in 
more than 80% of individuals with this syndrome. 
Delayed gastric emptying may be present, but physical 
examination is usually normal, except for an epigastric 
bruit heard in a third of patients. The diagnosis is 
usually delayed by several months to years and requires 
a high index of suspicion. The gold standard for diag-
nosis is selective angiography; noninvasive imaging 
techniques such as duplex ultrasound, CT scanning, or 

celIac artery compreSSIon 
SynDrome (meDIan arcuate 
lIgament SynDrome)

Celiac artery compression syndrome, or median arcuate liga-
ment syndrome, also called Dunbar syndrome, is a rare 
disorder caused by compression of the celiac artery by 
the median arcuate ligament of the diaphragm. The 
median arcuate ligament is a fibrous band that borders 
the crura of the diaphragm anteriorly and arches across 
the aorta just above the origin of the celiac trunk. The 
celiac plexus (or ganglion) lies between the celiac trunk 
and the median arcuate ligament and supplies the pre-
ganglionic splanchnic nerves, somatic branches from 
the phrenic and vagus nerves, parasympathetic pregan-
glionic nerves, and sympathetic postganglionic fibers.

The cause of the syndrome is not well understood. 
Under normal circumstances, occlusion of the celiac 
artery alone does not lead to mesenteric ischemia, 
because the superior and inferior mesenteric arteries 
are capable of compensating for the occlusion and pro-
viding blood flow to the bowel. In individuals with this 
disorder, however, compression of the celiac trunk by 
the fibrous median arcuate ligament leads to chronic 
abdominal pain and weight loss. Neuropathic pain 
caused by impingement of the celiac plexus is also sus-
pected to contribute to the clinical presentation. Celiac 
artery compression syndrome is usually seen in middle-
aged individuals, but cases have been reported in the 
pediatric age group. The classic triad of symptoms 
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MRI can also confirm the findings. Surgical decom-
pression is the only option for treatment of celiac artery 
compression syndrome, combined with or without 
celiac artery revascularization. The surgery can be per-
formed using open or laparoscopic approaches, and 
recently, robotic-assisted laparoscopic techniques have 
been described. Outcomes after surgery are variable. 
Early complications include bleeding, pancreatitis, and 
splenic injuries. Recurrence rates of up to 10% can be 
seen over the long term.
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The management of peritoneal carcinomatosis 
depends on the primary cause and the extent of the 
disease process. Supportive measures include removal  
of ascitic fluid and maintenance of nutrition. Bowel 
obstruction can be managed conservatively with bowel 
rest and nasogastric decompression, but surgical decom-
pression may also be required. A combination of neoad-
juvant intraperitoneal and systemic chemotherapy with 

cancer of perItoneum 
(perItoneal carcInomatoSIS)

Primary malignant tumors of the peritoneum (meso-
theliomas or endotheliomas) are extremely rare. In con-
trast, secondary malignant tumors of the peritoneum 
are relatively frequent. Epithelial malignant tumors 
arising from abdominal organs, particularly the ovaries, 
stomach, and large intestine, are the most common 
cancers metastasizing to the peritoneum. Rarely, malig-
nant neoplasms arising in the retroperitoneal connec-
tive, nervous, or muscular tissue, as well as sarcomas 
and teratomas localized elsewhere in the body, may 
spread to the peritoneum. Lymphomas and infections 
such as tuberculosis can also involve the peritoneum, 
mimicking peritoneal carcinomatosis. The spread of 
tumor cells into the peritoneum can occur by direct 
extension, by hematogenous spread, through the lym-
phatics, or via transcoelomic spread, where exfoliated 
tumor cells detach from the primary tumor and are 
transported throughout the peritoneal space by perito-
neal fluid and disseminate within the abdominal cavity.

The peritoneal stromal tissue, which provides a rich 
source of growth factors and chemokines, is a favorable 
environment for tumor proliferation, which also leads 
to increased vascular permeability and blockage of lym-
phatic channels. These changes, in addition to fluids 
produced by certain tumor cells in the peritoneal cavity, 
lead to accumulation of excessive fluid in the perito-
neum (malignant ascites). Proliferation of tumor cells 
can be observed as nodules scatter over the omentum, 
mesentery, and visceral and parietal peritoneum. The 
most prevalent cause of this type of metastasis is an 
ovarian papillary serous cystadenoma followed by 
gastric carcinoma. Metastatic implants of an appendicu-
lar adenocarcinoma or of an ovarian pseudomucinous 
cystadenocarcinoma on the peritoneal surfaces may 
produce a condition known as pseudomyxoma peritonei, 
which is characterized by accumulation of a large quan-
tity of gelatinous material in the peritoneal cavity.

The symptoms of peritoneal carcinomatosis are 
chiefly abdominal distention, due to ascites, and 
abdominal pain of variable intensity. Physical examina-
tion of the abdomen reveals signs of fluid and, eventu-
ally, palpable masses. Paracentesis can be performed for 
analysis of the ascitic fluid. The ascites is mostly exuda-
tive, with a low albumin gradient. The appearance can 
be clear or bloody, but chylous effusion is also com-
monly encountered with peritoneal carcinomatosis. 
The white cell count in the fluid is often elevated, 
mimicking spontaneous bacterial peritonitis; there is a 
predominance of lymphocytes, however. Rarely, neu-
trophils may predominate as a result of a high burden 
of dying tumor cells and the glucose may be low as 
compared with the serum value. Abdominal imaging 
using ultrasound, CT scanning, or MRI can detect the 
ascites and peritoneal thickening or deposits, which can 
be a clue to the diagnosis.

The best diagnostic procedure is laparoscopy (see 
Plate 2-76), which permits visualization and sampling 
of the peritoneal deposits. The diagnosis can also be 
made by demonstration of tumor cells in the ascitic fluid. 
This method has high specificity but low sensitivity.
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cytoreductive surgery can be employed and has been 
shown to improve survival rates. Recently, the advent of 
hyperthermic intraperitoneal chemotherapy (instilla-
tion of heated chemotherapy directly into the perito-
neum) has revolutionized the management of peritoneal 
carcinomatosis. It allows the use of high doses of che-
motherapy locally to the tumor while minimizing side 
effects and appears to prevent peritoneal recurrences.
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abdomen but is not used for the diagnosis of familial 
Mediterranean fever. The pathologic findings in the 
peritoneum are those of an acute, nonspecific perito-
neal inflammation, with hyperemia or even edema of the 
serosa and a small amount of serous or serofibrinous 
exudate. Cultures of the exudate are always sterile.

The diagnosis is based on the paroxysmal character 
of the painful and febrile episodes, followed by a spon-
taneous remission and an entirely symptom-free inter-
val. A positive response to colchicine therapy and 
genetic testing are confirmatory. Multiple disease enti-
ties resemble the clinical presentation of familial Medi-
terranean fever and have to be considered before 
making a diagnosis. These include hereditary angio-
edema, acute intermittent porphyria, acute recurrent 
pancreatitis, systemic lupus erythematosus, and abdom-
inal migraine. In women, various pelvic diseases must 
be considered. The attacks usually cease altogether 
during pregnancy. Rarely, they may occur only in the 
menstrual period, in which case it may be necessary to 
exclude endometriosis.

The disease may continue actively for as long as 50 
to 70 years, though occasionally, remissions may be 
prolonged for several years, and the attacks may become 
rarer or may even subside altogether in later life. 
However, the course may be seriously altered by insidi-
ous development of secondary amyloidosis with even-
tual renal failure. Colchicine is the mainstay of treatment 
for familial Mediterranean fever, used as a continuous, 
preventive therapy. It appears to suppress neutrophil 
recruitment and activation by binding to tubulin and 
other intracellular proteins and also by inhibiting neu-
trophil and endothelial cell adhesion molecules. An 

famIlIal meDIterranean 
fever anD relateD 
SynDromeS

FAMILIAL MEDITERRANEAN FEVER

Familial Mediterranean fever is a rare inherited disease 
characterized by recurrent inflammatory attacks of 
fever and acute abdominal pain with polyserositis. The 
familial Mediterranean fever gene, named the MEFV 
gene, was cloned in 1997 and encodes the protein pyrin, 
which is expressed predominantly in the cytoplasm in 
cells of neutrophils. Pyrin is thought to attenuate the 
activation of neutrophils in response to minor inflam-
matory perturbations that occur from time to time. 
Mutations that lead to dysfunction of this process allow 
a subclinical event to rapidly evolve into a cascade of 
neutrophil recruitment and activation, resulting in a 
full-blown attack of familial Mediterranean fever. The 
disease is assumed to be an autosomal recessive disease; 
some patients have only one mutation in the MEFV 
gene and some carriers display signs of inflammation, 
however. The incomplete penetrance and the varying 
expression of the disease suggest the presence of other, 
possibly genetic, factors that could influence the expres-
sion of illness. As the name implies, familial Mediter-
ranean fever is very common among people of eastern 
Mediterranean descent, particularly Sephardic Jews, 
Armenians, Turks, and Arabs. The carrier rate among 
these ethnic groups ranges from 1 in 4 to 1 in 8, with 
an observed disease rate of approximately 1 in 500. 
However, the disease has been reported in other parts 
of the world, including Japan, and among Ashkenazi 
Jews in Europe and the United States, and the diagnosis 
should be considered in any ethnic group if other clini-
cal characteristics are present.

An attack is characterized by severe abdominal pain 
that is initially localized but later becomes generalized, 
with physical signs indicative of peritonitis, including 
marked direct and rebound tenderness with rigidity. 
Fever, usually 101°F to 103°F, may not accompany 
every episode. The pleura and the joints may also com-
monly be involved. Skin involvement is seen in a minor-
ity of patients and may mimic cellulitis of the leg or 
foot. Leukocytosis, with neutrophil predominance and 
elevation of inflammatory serum markers, completes a 
clinical picture indistinguishable from that of acute sur-
gical abdomen. Not surprisingly, exploratory laparot-
omy is often performed for these symptoms. Such acute 
episodes usually begin in childhood or early youth and 
only rarely after the age of 40 years. Males are more 
frequently affected. In the beginning, the attacks may 
occur only once or twice a year, but the intervals soon 
shorten and may happen as often as every week or two, 
sometimes with striking regularity, but more often 
irregularly. A typical abdominal crisis may last from 1 
to 4 days, during which time the patient may present 
the characteristic picture of acute peritonitis, with con-
siderable abdominal distention and pain. Abdominal 
imaging is helpful to exclude other causes of an acute 
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impending attack can be aborted by taking an extra dose 
of colchicine at the onset of the earliest prodromal 
symptoms. In a small subset of patients, colchicine may 
be ineffective, and various agents such as interferon-
alpha, infliximab, etanercept, and thalidomide have 
been shown to be effective.

ACUTE INTERMITTENT PORPHYRIA

Acute intermittent porphyria is a rare inherited condi-
tion that is characterized by recurrent attacks of abdom-
inal pain and a variety of neuropsychiatric syndromes. 
It is inherited in an autosomal dominant fashion and is 
caused by mutations in the porphobilinogen deaminase 
(PBGD) gene which result in a catalytic deficiency of 
PBGD, the third enzyme in heme biosynthesis. All 
races are affected, but the condition is more commonly 
seen in individuals of northern European descent. Men 
and women are affected at the same rates and predomi-
nately in adulthood, after the third or fourth decade. 
Acute attacks of acute intermittent porphyria are usually 
triggered by taking medications such as sulfa, use of 
contraceptive hormones, or reduced caloric intake and 
stress. The clinical presentation is highly variable but is 
generally characterized by recurrent attacks of abdomi-
nal pain, often preceded by peripheral neuropathy. 
Involvement of the autonomic and central nervous 
systems is common and can manifest as tachycardia, 
hypertension, or sweating, as well as seizures. The 
abdominal pain is usually severe and steady but poorly 
localized. Constipation, nausea, and vomiting, with 
signs of ileus, are common, but diarrhea can also be 
present. Dark reddish urine is an early symptom that 



 Lower Digestive Tract: PART II

106 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

vasculitis, granulomatous disease, malignant disease, 
and pancreatitis.

The most common clinical presentations include 
abdominal pain, vomiting, diarrhea, constipation, and a 
palpable abdominal mass or an intestinal obstruction. 
Abdominal CT scanning is the most sensitive imaging 
modality for detecting mesenteric panniculitis; a fat ring 
sign that reflects the preservation of fat around the mes-
enteric vessels or a tumoral pseudocapsule is a finding 
that can be used to diagnosis this entity. A definitive 

results from the accumulation of porphyrins and/or 
porphyrin precursors in the urine. Most patients have 
complete resolution of their symptoms between attacks, 
but after multiple attacks, the abdominal pain, anxiety, 
and depression may become chronic.

The diagnosis of acute intermittent porphyria is chal-
lenging and requires a high index of suspicion. Elevated 
urinary levels of the porphyrin precursor porphobilino-
gen can be detected during an acute attack and should 
be the initial test. Other tests include urinary alanine 
aminotransferase, porphobilinogen, and porphyrins 
and plasma and stool porphyrins. The diagnosis of 
acute intermittent porphyria is confirmed by a finding 
of decreased erythrocyte porphobilinogen deaminase 
activity and/or a mutation in the gene encoding it. The 
management of the disease includes prevention of 
attacks by avoiding known triggers, supportive treat-
ment during an acute attack, and long-term monitoring 
for complications. Hospitalization is usually required 
during an acute attack, with administration of intrave-
nous hemin with or without carbohydrate loading. 
Opioid analgesics, antiemetics, and anxiolytic therapies 
are often necessary to treat symptoms.

HEREDITARY ANGIOEDEMA

Hereditary angioedema is a rare autosomal dominant 
disorder characterized by episodic attacks of angio-
edema and unexplained abdominal pain without urti-
caria or pruritus. It is caused by deficiency or dysfunction 
of the C1 inhibitor. Symptoms begin in childhood, and 
there are no appreciable racial or sex differences. An 
attack can involve any part of the skin or the upper 
airway. Gastrointestinal involvement is very common 
and presents as recurrent colicky abdominal pain, dis-
tention, vomiting, and/or diarrhea caused by bowel wall 
edema. The diagnosis of hereditary angioedema is 
made by demonstration of specific abnormalities in 
complement proteins. The management involves pre-
vention of acute attacks and supportive treatment of 
symptomatic patients. Specific therapies include C1 
inhibitor concentrate, antifibrinolytics, attenuated 
androgens, and a bradykinin or kallikrein receptor 
antagonist.

MESENTERIC PANNICULITIS

Mesenteric panniculitis (also known as mesenteric manifes-
tation of Weber-Christian disease, isolated lipodystrophy, and 
mesenteric lipogranuloma), is a benign chronic inflamma-
tory disease that affects the adipose tissue of the mes-
entery of the small intestine. The specific cause of the 
disease is as yet unclear, but mesenteric panniculitis has 
been reported in a variety of conditions such as 
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diagnosis is made on biopsy, but open biopsy is not 
always necessary for diagnosis.

Mesenteric panniculitis usually resolves spontane-
ously; treatment has been reserved for symptomatic 
cases. Some drugs are useful for medical treatment, 
such as steroids, thalidomide, cyclophosphamide,  
progesterone, colchicine, azathioprine, tamoxifen, and 
antibiotics. Surgical resection is sometimes attempted 
for definitive therapy and in cases of intestinal obstruc-
tion and other complications, such as ischemia.
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umbilicus usually is selected as the preferred point of 
access because, in this location, the abdominal wall is 
quite thin, even in obese patients. The abdomen is then 
inflated with carbon dioxide gas.

The other method is the open (Hasson) technique. 
With this technique, the surgeon makes a small incision 
just below the umbilicus. Under direct vision, the 
abdominal fascia is located, and a small incision is made 
through the fascia and underlying peritoneum. A finger 
is placed into the abdomen to make sure that there is 
no adherent bowel before insufflation. This technique 
is preferable for the abdomen of patients who have 
undergone previous operations in which small bowel 
may be adherent to the undersurface of the abdominal 
wound.

The usual site for initial insufflation is the umbilicus, 
with the primary trocar/laparoscope port placed at the 
same site. The locations of multiple ports are chosen to 
triangulate the camera and instruments around a focal 
point within the abdomen, thereby maintaining optimal 
access for manipulation of the instruments and provid-
ing comfortable positions for the surgeon. Certain 
areas, such as prior operative scars (because of the likeli-
hood of adhesions), the upper right quadrant (because 
of the round ligament), and the midline of the rectus 
abdominis muscle (because of the course of the epigas-
tric vessels), should be avoided. Alternative access tech-
niques for laparoscopic surgery include single-incision 

laparoScopy

Laparoscopy is a technique of directly inspecting the 
peritoneal cavity and its contents by means of an endo-
scopic instrument introduced through artificially made 
ports in the abdominal wall. Laparoscopic techniques 
have revolutionized the field of surgery and have been 
gradually replacing many conventional surgical proce-
dures. Laparoscopy can also be performed for diagnos-
tic purposes to visualize and obtain biopsies from the 
surfaces of the peritoneum, the liver, the omentum, or 
the small bowel, as well as the pelvic organs. Intraab-
dominal adhesions, peritoneal carcinomatosis or tuber-
culosis, ascites, or hemorrhage can readily be recognized 
and sampled via a laparoscope. In cases of malignant 
disease, laparoscopy is a useful aid for staging.

The examination is carried out in an operating room 
under all aseptic precautions because conversion into 
an open laparotomy may be required. Laparoscopy 
requires lifting of the abdominal wall from the abdomi-
nal organs. The most common method used by most 
surgeons is the creation of a pneumoperitoneum by 
insufflation of carbon dioxide into the peritoneal cavity 
through a needle or cannula. An alternative to pneumo-
peritoneum is an abdominal lift device that can be 
placed through a 10- to 12-mm trocar at the umbilicus. 
These devices have the advantage of creating little 
physiologic derangement, but they are bulky and do not 
allow as much working room as is offered by a 
pneumoperitoneum.

The first step in the procedure is to establish abdomi-
nal access, and this can be achieved via two methods. 
In the first, closed technique, a specialized spring-
loaded (Veress) needle is placed into the abdominal 
cavity without damaging the underlying organs. The 
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surgery, single-port access, and natural orifice translu-
minal endoscopic surgery. In single-incision surgery, a 
single incision, usually at the umbilicus, is used to 
perform the procedure, as opposed to multiple incisions 
through multiple ports. Natural orifice transluminal 
endoscopic surgery involves an endoscopic/laparoscopic 
approach. A multichannel endoscope is used to gain 
access to the peritoneal cavity through the stomach, 
bladder, vagina, or rectum. The result is a truly “scar-
less” operation, with minimal pain.

Complications related to laparoscopic procedures 
appear to be few and are mainly related to abdominal 
access. Vascular injury most commonly occurs during 
access; laceration of the inferior epigastric artery has 
been reported. Other complications include injury to 
the bowel or bladder and injury to the nerves of the 
abdominal wall. Port site metastasis is a rare but serious 
complication, and port site hernia is a late complication 
seen in 3% to 5% of patients 5 years after the laparo-
scopic procedure.

Absolute contraindications to laparoscopic proce-
dures include hemodynamic instability and inability  
to tolerate a laparotomy. Relative contraindications 
include the presence of chronic obstructive pulmonary 
disease, generalized peritonitis, or bowel obstruction or 
a history of prior extensive surgeries; in these cases, a 
frank discussion with the patient and family is needed 
to outline the relative merits and risks of laparoscopy.
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increase in intraepithelial lymphocytes, eosinophilic 
infiltration, and lamina propria expansion have also 
been observed.

Individuals with recurrent, relapsing giardiasis 
despite aggressive treatments warrant not only a hunt 
for a new primary infectious reservoir but also deserve 
consideration for a primary immunodeficiency, such as 
IgA deficiency, common variable immunodeficiency, 
autoimmune disease, or another immune disorder.

An infected individual can shed infectious cysts for 
up to 6 months, so preventive measures are necessary 
to avoid further contamination. All individuals are 
encouraged to practice good hand-washing hygiene. 

gIarDIaSIS

Giardiasis is caused by an anaerobic, flagellated proto-
zoal parasite (Giardia intestinalis, Giardia lamblia, or 
Giardia duodenalis). It has an annual incidence of 
approximately 500,000 cases, of which 20,000 per year 
are reported in the United States. Outside a host, 
Giardia exists as a remarkably resilient cyst that may 
survive for weeks to months; it is resistant to many 
disinfectants, including chlorinated agents. Beavers and 
deer serve as common wildlife reservoirs that contami-
nate streams, ponds, and soil with their excrement con-
taining Giardia. A patient need ingest as few as 10 to 25 
cysts to produce illness, though an infected person may 
shed up to 10 billion cysts daily. After undergoing 
excystation, each cyst releases two trophozoites, which 
asexually replicate and multiply. Giardia possesses a 
ventral sucking disk allowing it to attach to the small 
intestinal mucosa. Interestingly, the infection does not 
progress to an enteroinvasive infection but can still 
incite a severe inflammatory reaction. As the trophozo-
ites approach the large intestine, they undergo encysta-
tion and are passed out once more in the host’s feces.

Giardiasis is much more common in developing 
nations because there is frequent contamination of 
public water supplies. In developed nations, campers, 
hikers, children swimming in contaminated pools, and 
even unconventional marathon runners in so-called 
“mud runs are common victims of the disease. Poor 
hand-washing techniques are notorious for spreading 
the infective cysts. Notably, fecal- oral sexual activity 
has also been recognized as a mode of transmission.

Though symptoms may ensue within only 2 days, 
often the incubation period while excystation occurs is 
1 to 3 weeks after host inoculation. Profound diarrhea, 
steatorrhea, nausea, excessive belching, flatus, and 
abdominal cramping are the predominant symptoms 
and can lead to severe dehydration. It is estimated that 
up to a third of those acutely infected will go on  
to experience chronic giardiasis, with both intestinal 
and, amazingly, extraintestinal manifestations of  
disease. Long-term intestinal complications include  
the potentiation of functional gastrointestinal disease, 
postinfectious gastroenteritis, and lactose intolerance. 
Extraintestinal manifestations that have been reported 
include enteric infection reactive arthritis, ocular 
disease, and hives. Severe chronic giardiasis has been 
demonstrated to result in delay of both physical growth 
and mental development. In developing nations, the 
malabsorption is so severe from giardiasis that weight 
loss, failure to thrive, fat-soluble vitamin deficiencies 
(especially of vitamin A), and vitamin B12 deficiency are 
sadly not uncommon. Cases of luminal invasion into the 
pancreaticobiliary tree and granulomatous hepatitis 
have been reported but are exceedingly rare.

Diagnosis of giardiasis historically relied on stool 
microscopy of a minimum of three stool samples from 
different bowel movements because the excretion of 
cysts can be highly variable and unpredictable. Hema-
toxylin and eosin stains uncommonly demonstrate the 
classic pear-shaped appearance on close examination. 
However, the advent of fecal immunoassays and nucleic 
acid amplification assays have since supplanted these 
insensitive microscopy tests. Indeed, endoscopic duo-
denal aspirates have demonstrated only up to a 20% 
yield for the presence of Giardia. Endoscopically, the 
proximal small bowel may appear completely normal  
or demonstrate nonspecific erythema, nodularity, or 
granularity. Histologically, the mucosa may appear 
completely normal or demonstrate nonspecific villous 
blunting erroneously mimicking celiac disease. An 
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Outdoorsmen should use iodine-based water disinfec-
tion because giardiasis is resistant to chlorine-based 
regimens. Also, individuals such as children with diar-
rhea should not be permitted to swim in public pools.

Treatment with nitroimidazoles (tinidazole, metroni-
dazole) and nitazoxanide is effective; symptoms of giar-
diasis will resolve in 5 to 7 days after treatment is 
completed. Cysts are typically cleared from the intes-
tine no later than 1 week after treatment completion. 
Relapsing or refractory giardiasis may improve with 
longer duration of therapy or switching of agents; 
rarely, combination therapy is required, particularly in 
those afflicted with immunodeficiency.
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closed biopsy forceps is pressed against the lipoma and 
a softness is felt and indents are seen at the point of 
contact. On endoscopic ultrasound, lipomas will appear 
as hyperechoic, homogeneous lesions arising from the 
submucosa. CT scanning will reveal a classic, low-
attenuating mass. Lipomas are generally asymptomatic 
but can present with obstruction, intussusception, or 
obscure gastrointestinal bleeding. They do not have 
malignant potential and should not be removed, unless 
they become symptomatic.

BenIgn tumorS of  
Small InteStIne

Benign tumors of the small intestine are a rare group 
of lesions that can affect any part of the small bowel 
from the duodenum to the ileum. Although the small 
intestine contains 75% of the length and 90% of the 
absorptive area of the gastrointestinal tract, tumors of 
this area represent only a small percentage of all the 
primary gastrointestinal tumors. Benign tumors account 
for around 35% of all tumors found in the small intes-
tine. In a series of 22,810 autopsies, the incidence of 
these tumors was 0.16%. The incidence does not vary 
by race, ethnicity, or gender. These tumors have been 
documented in all age groups, but the mean age of 
presentation is typically between the fifth and sixth 
decades. For some types of benign adenomas, including 
neurofibromas and hemangiomas, there is a recognized 
familial occurrence.

Benign tumors of the small bowel may be single or 
multiple and may arise from any of its histologic ele-
ments. Neurogenic tumors tend to appear in multiples, 
whereas adenomas, lipomas, and leiomyomas tend to 
appear as a single lesion. Benign tumors are commonly 
classified by location as intraluminal, extraluminal, and 
intramural types. Tumors may vary in size from a few 
millimeters to a few centimeters, and they can appear 
sessile, pedunculated, plaquelike, or annular. Adeno-
mas, leiomyomas, and lipomas are the most common 
types of benign small intestine tumors. Other benign 
small bowel tumors include neurogenic tumors, 
myomas, hemangiomas, fibromas, lymphangiomas, 
myxomas, and osteomas. Neurogenic tumors in the 
small intestine may be part of a systemic syndrome, 
such as neurofibromatosis (von Recklinghausen disease). 
The incidence of benign small bowel tumors increases 
from the duodenum to the ileum. Adenomas are more 
common in the ileum, whereas stromal tumors or leio-
myomas are more commonly found in the jejunum. 
Eighty to 90% of hemangiomas and neurofibromas are 
found between the jejunum and ileum.

Adenoma is the commonest benign tumor of the small 
intestine. A majority of small intestine adenomas appear 
as sessile polyps, but they can also be pedunculated. 
They can be single or multiple polyps and are most 
commonly found in the ileum. Their size can vary from 
a few millimeters to a few centimeters, although larger 
tumors are rarely seen. Histologically, adenomas can be 
divided into three categories, as tubular, villous, and 
tubulovillous tumors. Generally, adenomas are asymp-
tomatic. However, they can rarely present with bleed-
ing and abdominal pain if they are causing obstruction. 
Much like colon adenomas, they are subject to malig-
nant degeneration. Overall, tubular adenomas have a 
low malignancy potential, whereas villous adenomas 
may undergo malignant degeneration in 40% to 50% 
of cases. Up to 90% of patients with familial adenoma-
tous polyposis and Gardner syndrome have duodenal 
adenomas. The development of duodenal cancer from 
an adenoma in the setting of familial adenomatous  
polyposis is 5% to 10%.

Lipomas are the second most common benign tumor 
of the small intestine. They are commonly found in the 
ileum and arise from the submucosa. Rarely, they can 
arise from both the submucosa and serosa. They tend 
to grow into the lumen and endoscopically appear as 
sessile or pedunculated polyps with normal or thin, 
atrophic-appearing mucosa. During endoscopy, lipomas 
can demonstrate a pillow sign, which is elicited when a 

Plate 2-78 

Solitary adenoma

Multiple polyps

Leiomyomas arise from the smooth muscle wall of the 
muscularis mucosa or muscularis propria. They com-
monly appear as a single, firm, gray or white, well-
defined mass. These tumors can grow intraluminally or 
extraluminally, or in both locations. When they grow 
in an extraluminal location, they may undergo necrosis 
and ulceration and present with luminal bleeding. If 
they grow in an intraluminal location, they present as 
an obstructing lesion. Histologic studies show that they 
are made up of bundles of spindle-shaped smooth 



 Lower Digestive Tract: PART II

110 THE NETTER COLLECTION OF MEDICAL ILLUSTRATIONS

endoscopic, and/or surgical procedures. There is no 
algorithm for evaluating these tumors, and initial tests 
are based on clinical suspicion. Large tumors can be 
easily seen via barium studies or CT scanning. Small 
tumors may be visualized through wireless video capsule 
endoscopy, which is generally considered the best initial 
test to identify these lesions. Once identified, they can 
be biopsied and/or removed endoscopically via push, 
spiral, single-balloon, or double-balloon enteroscopy.

The primary therapy of benign neoplasms of the 
small bowel is resection. The two main methods of 

muscle cells with rare or absent mitoses. A finding of 
more than two mitoses per high-power field is indica-
tive of a leiomyosarcoma, a malignant lesion.

Benign vascular tumors of the small intestine include 
tumors of blood vessels (angiomas) and congenital vas-
cular malformations (hamartomas). It is difficult to dif-
ferentiate between these two types of tumors. Small 
intestinal angiomas may present as single or multiple 
lesions and can be classified into capillary, compact, and 
cavernous types. Cavernous hemangiomas have large, 
blood-filled communicating spaces lined by endothe-
lium and have little stroma. Rendu-Osler-Weber disease, 
also known as hereditary hemorrhagic telangiectasia, is an 
autosomal dominant disease of angiomas of the skin, 
mucous membranes, and viscera. The vascular lesions 
typically present as spider telangiectasias or nodular 
angiomas. Spider telangiectasias will partially fade with 
the application of pressure, whereas nodular angiomas 
will not. Peutz-Jeghers syndrome is another autosomal 
dominant disorder that is characterized by gastrointes-
tinal adenomas or hamartomas and mucocutaneous 
pigmentation.

Neurogenic tumors can occur anywhere along the 
small intestine and may appear as single or multiple 
lesions. They arise from neural tissue. The commonest 
neurogenic tumor is a neurofibroma. Like most of the 
benign tumors of the small intestine, neurogenic tumors 
can grow in the extraluminal, intraluminal, or intramu-
ral space. Inward-growing tumors may be sessile or 
pedunculated, and the overlying mucosa may thin out 
and ulcerate, leading to gastrointestinal bleeding. Neu-
rogenic tumors in the small intestine may be part of 
neurofibromatosis type I, also known as von Recklinghausen 
disease. Histologic studies show that these tumors typi-
cally display fasciculated spindle cells with palisading 
nuclei and thin-walled vascular spaces. It is important 
to remember that neurogenic tumors may mimic other 
connective tissue tumors. Specific immunohistochemi-
cal staining procedures, such as S100, may aid in the 
diagnosis of a neurogenic tumor.

Hyperplastic and hamartomatous polyps are benign 
lesions that can also be found in the small intestine. 
Hamartomatous polyps can arise de novo or be associ-
ated with a polyposis syndrome such as Peutz-Jeghers 
syndrome.

In general, benign tumors of the small intestine may 
never cause symptoms or may only cause vague symp-
toms. The vague symptoms may lead to a significant 
delay in the diagnosis of the tumors. Serious symptoms 
occur as a result of intestinal obstruction, hemorrhage 
from a necrotic or ulcerated tumor, tumor rupture,  
or malignant degeneration. Intraluminal tumors tend  
to present with symptoms earlier than extraluminal 
tumors. Intraluminal polypoid tumors can present with 
abdominal pain resulting from an obstruction by intus-
susception. Bleeding from a tumor occurs when there 
is necrotic erosion into a vessel. When this occurs, the 
bleeding may be slow and occult or massive and overt. 
Extraluminal lesions may grow to large dimensions 
before they cause symptoms. They may rupture into the 
peritoneal cavity or present with signs of an acute 
abdomen. Rarely, intramural or extraluminal tumors 
can fistulize. If the fistula connects to the abdominal 
cavity, peritonitis may ensue.

The initial workup and diagnosis of benign tumors 
of the small intestine may require radiologic, 
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resection are endoscopic and surgical, primarily by 
laparoscopy or laparotomy. The decision to resect 
endoscopically versus surgically is based on tumor size, 
growth pattern, and location and whether an emergent 
intervention is required, as in the case of an obstruction 
or perforation.

Overall, the prognosis for patients with benign 
tumors of the small bowel is excellent. Infrequently, a 
stromal tumor is found to be a leiomyosarcoma or an 
adenoma that appears benign turns out to be an 
adenocarcinoma.
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carcInoID

Carcinoid tumors are a type of well-differentiated neu-
roendocrine tumor that arise from enterochromaffin 
cells and represent nearly 40% of all malignant tumors 
of the small intestine. In recent years, the frequency of 
small bowel carcinoids has increased, which may in part 
be due to enhanced endoscopic and radiographic detec-
tion. The peak incidence is in the sixth decade, but the 
range of incidence is 20 to 80 years of age. Carcinoids 
are classified by their embryologic origin into foregut 
(bronchus, stomach, duodenum, and pancreas), midgut 
(jejunum, ileum, and proximal colon), and hindgut 
(distal colon, rectum, and genitourinary tract) types. 
This section will focus on carcinoid tumors involving 
the small intestine.

The most common location for a carcinoid tumor in 
the small intestine is the ileum, particularly within 
60 cm of the ileocecal valve. Grossly, these tumors 
appear as firm intramucosal or submucosal nodules. 
Due to their indolent growth and lack of symptoms, 
most carcinoid tumors are found incidentally during 
surgery in the appendix or incidentally during a 
workup for another disease. In other cases, the carci-
noid can cause mild abdominal pain, bleeding, or 
intussusception.

When these tumors secrete serotonin and other bio-
active products, carcinoid syndrome can result. This syn-
drome is seen in approximately 10% of patients with 
carcinoid tumors. More than 90% of patients with car-
cinoid syndrome will have metastatic disease, which 
most commonly involves the liver. Typical symptoms of 
carcinoid syndrome include cramps with associated 
diarrhea, flushing, and bronchospasm or even cyanosis. 
An intense purplish rash that primarily involves the 
upper body and arms characterizes the flushing associ-
ated with carcinoid. Drinking alcohol or red wine, 
eating bleu cheese or chocolate (high in amines), and 
exercise can precipitate flushing. If repeated attacks 
occur, permanent skin discoloration or telangiectasias 
may develop.

Carcinoid crisis is a life-threatening form of carcinoid 
syndrome that results from an overwhelming release of 
bioactive substances, usually in response to the admin-
istration of an anesthetic. Carcinoid crisis may present 
as intense flushing, diarrhea, tachycardia, hypertension 
or hypotension, bronchospasm, and altered mental 
status. Carcinoid crisis can also be precipitated by 
tumor manipulation during surgery or biopsy. Octreo-
tide should be given prior to surgery to reduce the 
incidence of carcinoid crisis in patients with a history 
of carcinoid syndrome.

Carcinoid tumors of the small intestine are often 
asymptomatic and are commonly identified inciden-
tally. When symptoms develop, checking a 24-hour 
urine collection for 5-hydroxyindoleacetic acid 
(5-HIAA) may aid in the diagnosis. Further radio-
graphic studies, such as CT scanning of the abdomen, 
contrast-enhanced MRI, and somatostatin receptor 
scintigraphy, allow for tumor localization and metasta-
ses if present. Regardless of tumor size, carcinoid 
tumors have the potential to metastasize. This is a 
unique feature of small bowel carcinoids. In the appen-
dix and colon, for example, lesions greater than 2 cm in 
size have an increased risk of metastasis. The initial 
treatment of carcinoid tumors of the small intestine, 
regardless of size, is en bloc resection with adjacent 
mesenteric and lymph node dissection. Given that 40% 
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of these patients will have a second gastrointestinal  
tract malignant tumor, the entire gastrointestinal tract 
should be examined prior to surgery. Unfortunately, 
chemotherapy has a limited role in metastatic disease. 
Somatostatin receptors are found in more than 80% of 
carcinoid tumors. Therefore, when carcinoid syndrome 
develops, treatment with somatostatin analogs can 
effectively relieve symptoms. These medications do not 
reduce the tumor burden. Parachlorophenylalanine and 
methyldopa are inhibitors of serotonin synthesis and 

can also be used for symptomatic relief in carcinoid 
syndrome. Surgery plays a limited role in the treatment 
of carcinoid syndrome. The 5-year survival rate for 
carcinoid tumors of the small intestine ranges from 
52% to 100% depending on the stage of the disease, 
size of the tumor, and organ affected. Even in the 
setting of distant metastasis, the 10-year survival rate 
has been cited at 40% to 60%. The overall prognosis 
for carcinoid tumor varies. Once carcinoids evolve into 
carcinoid syndrome, the prognosis is guarded.
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Peutz-Jeghers polyps, (2) any number of Peutz-Jeghers 
polyps in an individual who has a family history of the 
syndrome in a close relative, (3) characteristic pig-
mented mucocutaneous macules in a patient who has a 
family history of the syndrome in a close relative, or (4) 
any number of Peutz-Jeghers polyps in an individual 
who also has characteristic mucocutaneous pigmenta-
tion. Patients who meet the clinical criteria for the 
syndrome should undergo further testing for a 

peutz-jegherS SynDrome

Peutz-Jeghers syndrome is an autosomal dominant  
syndrome consisting of mucocutaneous pigmentation 
and multiple gastrointestinal hamartomatous polyps. 
Patients are at an increased risk for both gastrointesti-
nal and nongastrointestinal malignant disease. Germ-
line mutations of the STK11/LKB1 gene, located on 
chromosome 19p, are commonly implicated. Not all 
families with the syndrome are linked to this gene locus, 
suggesting that another mutation may be involved. An 
estimated 10% to 20% of patients have no family 
history of Peutz-Jeghers syndrome. Males and females 
are equally affected. The prevalence is not well reported 
and has been cited at 1 : 8,000 to 1 : 200,000 births.

The two characteristic findings of Peutz-Jeghers syn-
drome are pigmented mucocutaneous macules and 
multiple hamartomatous polyps. Pigmented mucocutane-
ous macules are deposits of melanin that are seen in more 
than 95% of patients with the syndrome. The macules 
typically appear as flat, bluish-gray to brown spots, less 
than 5 mm in size. These macules are present around 
the mouth, nose, lips, buccal mucosa, hands, feet, and 
perianal and genital regions. They are most commonly 
seen on the lips and perioral region. During the first 1 
to 2 years of life, the macules typically increase in size 
and number until puberty, at which point they begin to 
fade. The one exception is macules of the buccal 
mucosa, which do not fade after puberty. It is prudent 
to distinguish these macules from freckles. Freckles are 
absent at birth, never appear on the buccal mucosa, and 
are scant around the nostrils and mouth. The presence 
of pigmented mucocutaneous macules is very sensitive 
for Peutz-Jeghers syndrome. It is important to remem-
ber, however, that these lesions can also be associated 
with other syndromes.

Hamartomatous polyps may occur in infancy and can 
be located throughout the gastrointestinal tract, with a 
predilection for the small intestine. Patients are gener-
ally asymptomatic, but symptoms can range from 
abdominal pain to intussusception and bleeding. On 
endoscopy, hamartomatous polyps do not have gross 
identifiable features that allow for diagnosis. They may 
be sessile, pedunculated, or lobular; there may be a 
single polyp or multiple polyps. On histologic studies, 
these polyps appear as smooth muscle proliferations in 
the lamina propria, with arborization and normal over-
lying epithelium. Histologic studies are necessary for 
the diagnosis of a hamartomatous polyp.

Peutz-Jeghers syndrome is associated with an 
increased risk of both gastrointestinal and nongastroin-
testinal malignant diseases. The average age of cancer 
diagnosis in these patients is 42 years, and the lifetime 
risk for developing cancer is between 37% and 93%. 
The most common gastrointestinal malignant tumors 
associated with Peutz-Jeghers syndrome are colon and 
pancreatic cancers, whereas breast cancer is the most 
common site for nongastrointestinal malignant disease. 
The risk for developing breast cancer in Peutz-Jeghers 
syndrome is significant and parallels the risk with 
BRCA1 and BRCA2 germline mutations. Women with 
the syndrome are at an increased risk for cervical 
tumors, ovarian cysts, and ovarian sex cord tumors. 
Men with the syndrome are at an increased risk for 
Sertoli cell testicular cancers. In both males and females, 
these tumors occur at a younger age.

The diagnosis of Peutz-Jeghers syndrome can be 
made clinically if any one of the following criteria is 
met: (1) two or more histologically confirmed 
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mutation in the STK11 gene. In a patient who meets 
the clinical criteria for the syndrome but lacks a muta-
tion in the STK11 gene, the diagnosis cannot be 
excluded, given that other genetic mutations likely 
exist.

The management of patients with Peutz-Jeghers syn-
drome is centered upon screening and surveillance pro-
tocols for both gastrointestinal and nongastrointestinal 
malignant diseases.
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commonly found in the duodenum, except when they 
are associated with Crohn disease, in which case they 
are predominately found in the ileum. Presenting 
symptoms are vague, and the most common complaint 
is abdominal pain. Due to the vague nature of symp-
toms, diagnosis is frequently delayed and the majority 
of patients are diagnosed with advanced-stage disease. 
This lack of initial symptoms can be attributed to the 
distensibility of the small bowel lumen and the pre-
dominately liquid contents that inhabit it.

malIgnant tumorS of  
Small InteStIne

Although malignant small bowel tumors account for 
only 0.5% of all cancers in the United States, they 
account for 65% of all tumors in the small intestine. Of 
all the neoplasms in the gastrointestinal tract, around 
5% originate in the small intestine. Even though malig-
nant tumors of the small intestine are rare, a number 
of risk factors have been well described. Hereditary 
cancer syndromes such as familial adenomatous  
polyposis, Peutz-Jeghers syndrome, and hereditary 
nonpolyposis colorectal cancer (Lynch syndrome) are 
associated with an increased risk of adenocarcinoma. 
Chronic inflammation from diseases such as Crohn 
disease and celiac disease can lead to an increased risk 
of adenocarcinoma and lymphoma. Increased con-
sumption of meals rich in refined carbohydrates, sugar, 
salt-cured or smoked foods, and red meats confers  
an increased risk for adenocarcinoma of the small 
intestine.

The four most common types of small bowel malig-
nant diseases are adenocarcinoma, carcinoid, lympho-
mas, and sarcomas/gastrointestinal stromal tumors 
(GISTs). These lesions account for 95% of malignant 
small intestine tumors. Adenocarcinomas are com-
monly found in the duodenum, whereas carcinoid 
tumors and lymphomas are frequently found in the 
jejunum and ileum. Sarcomas, including GISTs, are 
equally distributed throughout the three segments of 
the small intestine. Carcinoids have surpassed adeno-
carcinomas as the most common malignant tumor of 
the small intestine. Carcinoid tumors of the small intes-
tine are discussed in Plate 2-80.

Malignant small intestine tumors are more frequently 
found in males than females (1.5 : 1) and African Ameri-
cans than Caucasians. The mean age of diagnosis is 65 
years old. Adenocarcinomas and carcinoids tend to 
present slightly later than lymphomas and sarcomas.

Like benign tumors of the small intestine, malignant 
tumors can present in two forms, either as a tumor 
infiltrating the bowel wall or as a polypoid mass growing 
into the lumen. They can be differentiated based on 
histologic findings. Adenocarcinomas arise from glan-
dular mucosa, carcinoid tumors from enterochromaffin 
cells, lymphomas from clonal proliferation of lympho-
cytes, and GISTs from the interstitial cells of Cajal.

Nonampullary adenocarcinomas account for about 40% 
of malignant small bowel tumors. They are most 

Plate 2-82 

Perforation Fistula
Malabsorption

Extensive or multiple

Annular obstruction Intussusception
Hemorrhage (from
ulceration or central
necrosis)

Annular (gradual,
progressive
obstruction)

Polypoid (sudden
obstruction due to
intussusception)

Infiltrating (obstruction
due to disturbance
of peristalsis)

Exophytic (obstruction
due to kinking or pressure)

M
or

ph
ol

og
ic

 T
yp

es
 o

f G
ro

w
th

Lo
ca

l C
on

se
qu

en
ce

s

Lymphomas of the small intestine can be a primary 
tumor or be part of a systemic process. They make up 
about 15% to 20% of all malignant tumors of the small 
intestine, of which non-Hodgkin lymphomas are the most 
common. Lymphomas generally occur in adults and 
peak in the seventh decade of life. They are slightly 
more common in men than women. Lymphomas typi-
cally manifest as an infiltrating, constricting growth 
with or without ulcerations. The most commonly 
affected region is the ileum, which is the part of the 
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endoscopically, surgical intervention is needed for 
biopsy and diagnosis. The treatment of malignant 
tumors of the small intestine is contingent upon obtain-
ing a histologic diagnosis. The cornerstone of therapy 
is endoscopic or surgical resection. Once the lesion has 
been resected, histologic analysis and depth of invasion 
will dictate what type of chemotherapy is needed. The 
5-year survival rate for adenocarcinoma of the small 
bowel is 30%, and the median survival time is less than 

small intestine with the highest distribution of lym-
phoid follicles. Conditions that can lead to the develop-
ment of small intestine lymphoma include AIDS, 
Crohn disease, irradiation complications, and use of 
long-standing immunosuppressive therapy. Sarcomas 
are malignant mesenchymal tumors that account for an 
estimated 10% of malignant small intestine tumors. 
Gastrointestinal stromal tumor (GIST) is the most 
common type of intestinal sarcoma. These tumors are 
most commonly found in the jejunum and ileum. The 
determination of whether a GIST will display aggres-
sive behavior is based on its size and mitotic rate. 
Lesions are considered high risk if they are larger than 
10 cm with any mitotic rate, any size with a mitotic rate 
of more than 10 per 50 high-power field, or larger than 
5 cm with a mitotic rate of more than 5 per 50 high-
power field. GISTs with more than 10 mitoses per high-
power field have a 5-year survival rate of 5% and are 
metastatic 100% of the time. More GISTs are being 
reported; it is uncertain whether this is due to enhanced 
diagnostic tools or a true increase in incidence. Meta-
static cancers can invade the small intestine through 
local invasion or hematogenous spread. Common 
lesions that metastasize to the small bowel through 
direct invasion are ovarian, colon, and gastric cancers. 
Melanoma, lung, breast, cervical, and colon cancers can 
metastasize to the small intestine via hematogenous 
spread.

Malignant tumors of the small intestine are indolent, 
and thus diagnosis is frequently delayed. These patients 
do not usually seek emergent evaluation because their 
symptoms are so nonspecific and persist over months. 
Patients may present with anemia, abdominal pain, or 
weight loss. If there is an infiltrating tumor, it may lead 
to malabsorption and intermittent abdominal cramps. 
Some patients may present with acute abdominal pain 
from obstruction or intussusception. Others may 
present with an acute, massive gastrointestinal bleed. 
Imaging with barium studies, CT scanning (with or 
without enterography), magnetic resonance enterogra-
phy, and video capsule endoscopy can identify and 
localize malignant lesions of the small intestine. Once 
lesions have been localized, endoscopic procedures such 
as push enteroscopy, single-balloon or double-balloon 
enteroscopy, or spiral enteroscopy can allow for  
tissue diagnosis. If the tumor cannot be accessed 

Plate 2-83 

Section of jejunum
showing carcinoma

Contrast radiograph.
Constriction of jejunum

(arrows) due to carcinoma

Atypical tubular glands of adenocarcinoma.
Invading normal intenstinal mucosa

Tumor

20 months. Ampullary adenocarcinoma has a better 
prognosis, with a 5-year survival rate of 36% and an 
even better survival rate for patients who undergo early 
resection. The overall prognosis for lymphoma depends 
on the disease stage. In advanced stages, the 5-year 
survival rate generally ranges from 25% to 30%. 
However, with radical surgery and improving chemo-
therapeutic agents, the survival rate has increased to as 
high as 60% to 70%.

malIgnant tumorS of  
Small InteStIne (Continued)
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mesenteric vessels and inferior mesenteric plexus, from 
the anal pit, a structure formed by involution of  
ectoderm and somatic mesoderm, which is somatic  
and is supplied by branches of the internal iliac vessels 
and pudendal nerve. Once the anal membrane  
disappears, the rectum and anus form a continuous 
lumen, but the differences in their embryonic origin  
are evident from the differences in blood supply, inner-
vation, and epithelial lining of the canal. The simple 

Development of  
large IntestIne

The development of the large intestine is intimately 
tied to the development of other organs. The cecum, 
appendix, ascending colon, and transverse colon are 
part of the midgut and develop alongside the jejunum 
and ileum. The descending colon, sigmoid colon, and 
rectum are hindgut structures and develop in conjunc-
tion with the urogenital system. During normal devel-
opment, the midgut elongates tremendously and 
herniates into the umbilical cord during the fifth week. 
The proximal limb of the midgut loop produces the 
jejunum and ileum, and the distal limb differentiates 
into the distal ileum, cecum, appendix, ascending colon, 
and transverse colon. The distal limb of the midgut 
loop rotates from the inferior side of the umbilical cord 
to the left, then superiorly, and finally to the right as 
the midgut returns to the abdominal cavity during the 
11th week. This explains why these structures are typi-
cally on the right side of the abdomen.

The cecum appears as a dilated area on the distal limb 
of the midgut during the sixth week, while it is still in 
the umbilical cord. By the eighth week, the appendix 
has begun to form as a small diverticulum in the cecum 
wall. It elongates as the cecum continues migrating to 
the right inferior region of the abdomen during the 
fetal period between 4 and 5 months. The dorsal mes-
entery of the cecum and ascending colon fuse to the 
parietal peritoneum of the posterior abdominal wall 
after the appendix has developed, and because of this 
the appendix may be found in many different locations 
relative to the cecum. In contrast with the retroperito-
neal cecum and ascending colon, the transverse colon 
retains its mesentery and is a peritoneal structure. As 
the terminal end of the midgut, it travels from the right 
side of the abdomen across to the left, connecting with 
hindgut organs. In the process it passes anterior to the 
duodenum; this is one reason the dorsal mesentery of 
the duodenum is mostly fused with the parietal perito-
neum. The descending colon, the first part of the 
hindgut, also loses its dorsal mesentery, fusing with the 
parietal peritoneum on the left side of the abdomen.

The hindgut is supplied by the inferior mesenteric 
artery and consists of the descending colon, sigmoid 
colon, and rectum. Although it does not take part in the 
physiologic herniation of the midgut, the hindgut must 
partition itself from the cloaca, separating the digestive 
system from the urogenital system. As described in the 
overview of development, the cloaca is divided into a 
urogenital sinus and rectum by a sheet of mesoderm, 
the urorectal septum. This also separates the cloacal 
membrane into a urogenital membrane and an anal 
membrane. The surface feature that marks the location 
of the urorectal septum is the perineal body, located 
anterior to the rectum, which serves as an important 
attachment site for the perineal and anal musculature.

The anal membrane separates the hindgut structures 
superior to it that are supplied by the inferior 
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columnar epithelium lining the rectum contains  
many mucus-producing goblet cells and is derived from 
endoderm. At the anocutaneous line, there is a sudden 
transition from this epithelial lining to the stratified 
squamous epithelium of the anal region, which is made 
up of epidermis that is derived from ectoderm. If  
the anal membrane fails to disappear or ruptures 
incompletely, the result is an imperforate anus or anal 
stenosis.
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vascular fold of the cecum but may also be known as the 
ileocolic fold or superior ileocecal fold. It contains the ante-
rior cecal artery, and it forms the anterior wall of a fossa, 
correspondingly termed the superior ileocecal recess. The 
posterior wall of this fossa is made up of the terminal 
ileum and its mesentery. Its mouth opens inferiorly and 
somewhat to the left.

Ileocecal regIon

The most caudal portion of the small intestine, the 
terminal ileum, lies in the pelvis anterior to the right 
iliac fossa. Typically the ileal orifice opens into the 
medial wall of the colon from the left. This opening has 
previously been called the ileal valve, ileocolic valve, or 
ileocecal valve; this nomenclature is no longer pre-
ferred, however, because the opening’s method of 
closure is not strictly valvelike. From the ileal orifice, 
the cecum, a blind sac, extends inferiorly within the 
lower right quadrant and the large intestine extends 
superiorly as the ascending colon. Although its exact loca-
tion can vary considerably between individuals, the ileal 
orifice usually resides deep to the surface feature called 
the McBurney point. This point can be found in the right 
lower abdominal quadrant by drawing a line connecting 
the anterior superior iliac spine with the umbilicus (line 
of Monro) and looking for the line’s intersection with the 
lateral edge of the rectus abdominis muscle.

The cecum, which is the widest portion of the large 
intestine, extends inferiorly from the ileal orifice in the 
right ileac fossa. Medially, the cecum is typically in 
contact with loops of the ileum. Laterally and posteri-
orly it is in contact with the iliacus muscle. Anteriorly 
it is typically covered by coils of the small intestine and/
or greater omentum, but when full or distended by 
intestinal gasses, it may bulge and contact the anterior 
abdominal wall. In this case, it is possible to elicit a 
distinct tympanic note by percussing the overlying 
abdominal wall. An enlarged cecum can extend inferi-
orly over the psoas major muscle and even into the true 
pelvis. It typically does not extend so far as the posterior 
aspect of the inguinal ligament, leaving room for loops 
of small intestine in this region.

The ileum is connected to the posterior body wall by 
a mesentery containing its blood and lymphatic vessels 
and nerve supply. The mesentery of the ileum also 
contains the blood vessels that supply the cecum. In the 
area where the ileum joins the large intestine, a perito-
neal fold extends in almost all individuals from the 
terminal part of the ileal mesentery across the front of 
the ileum to the cecum and the lowermost part of the 
ascending colon. This fold is properly called the 
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EXTERNAL FEATURES OF ILEOCECAL REGION 

Another fold known as the ileocecal fold is commonly 
encountered anterior to the mesoappendix, extending 
from the lower or right side of the terminal ileum to 
the cecum. It is also referred to as the inferior ileocecal 
fold. The ileocecal fold contains no important vessels, 
and its corresponding eponymic designation is the 
bloodless fold of Treves.
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protrude into the large intestine in the form of a round 
ileal papilla, the lumen of which looks like a star, or an 
asterisk (*), when closed. There is circular muscle within 
the papilla, and it may tonically contract to prevent 
retrograde motion of the colon contents but typically 
does not act as a true sphincter, selectively allowing 
contents from the ileum into the cecum. Some of the 
longitudinal smooth muscle fibers of the ileum are 

The third peritoneal extension, the mesoappendix, 
serves as the mesentery of the vermiform appendix. It 
stretches from the posterior leaf of the mesentery of the 
terminal ileum and actually travels posterior to the 
cecum to the left side of the cecum and then along the 
entire length of the appendix. It thus typically assumes 
a triangular shape, and it transmits between its two 
layers the vessels of the appendix, particularly the 
appendicular artery or one of its numerous variations. 
The inferior ileocecal recess is formed by the ileocecal fold 
anteriorly and the mesoappendix as the posterior wall.

In some individuals, one or more thin peritoneal 
folds spread from the parietal peritoneum of the pos-
terolateral abdominal wall to the lateral (right) side of 
the cecum (retrocecal folds) and/or ascending colon (ret-
rocolic folds). These folds create small shallow recesses 
that in very rare instances are large enough to admit 
loops of the small intestine. Their apertures are nor-
mally too wide to permit an internal hernia to form.

The degree of mobility of the cecum depends upon 
the level at which the posterior part of its visceral peri-
toneum is reflected to the parietal peritoneum of the 
posterior abdominal wall. The level and contour of the 
reflection vary considerably. Occasionally, the perito-
neal reflection may be so inferior that the cecum and 
terminal ileum are both firmly fused to the posterior 
abdominal wall. Conversely, the reflection may also 
occur so far superiorly that the entire cecum, distal 
ileum, and parts of the ascending colon may be sur-
rounded by visceral peritoneum and connected to the 
body wall by the mesentery of the ileum. In the majority 
of cases, the reflection lies between these two extremes. 
The line of reflection may be straight, convex, or 
concave, or it may incline downward to the right or left 
or may be characterized by a narrow downward prolon-
gation forming a sort of mesocecum.

As the terminal ileum enters the cecum, it is thrust 
through the wall of the cecum along with all of its layers 
except for the serosal layer. This creates an opening in 
the lumen that appears like a pair of lips, called the ileal 
orifice or ileocolic valve. When this opening is exposed in 
the cadaveric donor, it most frequently (60% of the 
time) appears to have transverse folds, the frenula of the 
ileal orifice, stretching away from either side of the ileal 
orifice. These folds resemble the crescent-shaped, semi-
lunar folds of the colon, but they mark the place where 
contents of the ileum empty into the colon. The superior 
frenulum and inferior frenulum of the ileal orifice also 
mark the separation between the ascending colon above 
and the cecum below. For this reason, the superior 
frenulum is sometimes referred to as the ileocolic lip and 
the inferior frenulum as the ileocecal lip. Although the 
ileal orifice often has the two frenula, it can also 
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Ileocecal regIon (Continued)

continuous with the mesocolic taeniae of the taeniae 
coli, and other longitudinal muscle fibers contribute to 
the ileal papilla. The muscle fibers of the ileum and large 
intestine meet at the papilla, with the circular muscle of 
the large intestine enveloping the circular muscle of the 
ileum. The two circular layers enclose the longitudinal 
fibers arising from the taeniae, except in the region close 
to the ostium, where the two circular layers meet.
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where the two layers of the mesoappendix attach to the 
appendix. Just deep to the serous layer, the longitudinal 
layer of the muscularis externa invests the entire circum-
ference. The circular layer of the muscularis externa is well 
developed along the entire length of the appendix, 
though it may occasionally be deficient in one or two 
small regions, where the submucosal tissue becomes 
confluent with the serous coat. The appendix can be 
visualized in x-ray studies about 24 hours after the inges-
tion of barium. It usually fills uniformly, but the 

vermIform appenDIx

One structure of the proximal colon with considerable 
clinical significance is the vermiform appendix. Its surface 
projection lies at the lateral third of an imaginary line 
drawn from the anterior superior iliac spine to the 
umbilicus (McBurney point). In early fetal life the cecum 
extends caudally in the form of a cone, the tip of which 
grows more in length than in diameter, creating a ver-
miform (wormlike) process. Later, as a result of differ-
ence in the speed of growth of the cecal walls, the point 
where the appendix arises shifts from the distal end of 
the blind sac to a site on the posterior medial wall, 
where the three taeniae coli of the large intestine con-
verge into one uniform coat of longitudinal muscle. In 
humans and apes, the appendix is a rather rudimentary, 
narrow, and thin (from 2.5 to 25 cm long; average, 6 to 
9 cm) offshoot of the large intestine, which has no 
intestinal function (in contrast to the processus vermi-
formis of some birds and mammals, in which it may 
attain considerable length). However, it may serve as a 
reservoir for normal flora of the gut during diarrheal 
diseases or other dysfunction related to the colon. The 
course and position of the appendix differ considerably 
between individuals and can also change over time in 
an individual. Variations in position of the vermiform 
appendix are largely the result of differences of the 
length and width of the mesoappendix, the peritoneal 
fold that represents the mesentery of the appendix. The 
mesoappendix and nearby ileocecal fold form the book-
ends of a space, the inferior ileocecal recess.

The mesoappendix allows the vermiform appendix a 
wide range of mobility. Typically it is suspended from 
above by its mesentery and hangs for a varying distance 
into the true pelvis and may actually come into contact 
with pelvic organs (e.g., the uterus and its adnexa, or 
the bladder). Sometimes the appendix is mobile enough 
to be found within the sac of an indirect inguinal hernia 
or involved in a direct inguinal hernia. The vermiform 
appendix may also turn superiorly and extend either 
anterior or posterior to the cecum or ileum. The appen-
dix can sometimes be found in a retrocecal position, 
posterior to the cecum. It may be “fixed” and relatively 
immobile. This fixation may have taken place as a result 
of inflammatory adhesions, or the appendix may have 
been trapped in the retrocecal position during fetal life 
at a time when the ascending colon fused to the poste-
rior abdominal wall. Such a posteriorly fixed appendix 
may extend superiorly enough as to be more properly 
called “retrocolic” rather than retrocecal. In contrast to 
a fixed retrocecal appendix, in some instances the 
appendix may be capable of wandering into the retroce-
cal fossa and emerging thereafter.

The layers that make up the wall of the appendix are 
the same as those in other parts of the intestinal tract: 
mucosa, submucosa, muscularis externa, and serosa. 
The exterior of the appendix is enwrapped by the serous 
layer, or visceral peritoneum, except for a narrow line 
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appearance of segments within the lumen is not to be 
interpreted as an expression of a pathologic process. 
The submucosa is endowed with lymphatic nodules as 
well as diffuse lymphatic tissue, the abundance of which 
is a characteristic of the appendix and explains one of 
its nicknames, “the intestinal tonsil.” The structure of 
the mucosa is essentially the same as in the large intes-
tine, with intestinal glands but no villi or plicae circu-
lares. Occasional Paneth cells can be found within the 
epithelium of the pits.
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a considerable range of movement in this area, a long 
transverse colon, especially when relaxed, may sag 
down some distance toward the pelvis. Viewed from left 
to right, the line of attachment of the transverse meso-
colon crosses first the descending part of the duode-
num, then the pancreas, and, finally, the left kidney. At 
the lateral edge of the kidney near the lower pole of the 
spleen is situated the left (or splenic) flexure of the 
colon. The posterior surface of the greater omentum 
adheres to the superior surface of the transverse 

topography anD relatIons 
of colon

The lumen of the large intestine is generally greatest at 
the commencement of the large intestine (cecum) and 
narrows toward the rectum. However, the lumen of the 
large intestine varies considerably in caliber depending 
on its functional state. The haustra form sacculations 
separated by constricting furrows, so that the lumen 
bulges and contracts alternately during peristalsis. The 
total length of the large intestine is approximately 120 
to 150 cm. From the cecum, the colon is subdivided 
into four segments, the ascending, transverse, descend-
ing, and sigmoid colon. The ascending colon and 
descending colon are retroperitoneal structures, fixed to 
the posterior body wall, and the transverse colon and 
sigmoid colon are intraperitoneal structures, attached to 
the posterior body wall by a mesentery. Viewed as a 
whole, the various parts of the large intestine describe 
an arch roughly in the shape of a horseshoe with the 
convex side directed superiorly. However, there is con-
siderable variation in this appearance between individu-
als, largely due to differences in the length of the 
mesentery connecting the transverse colon and sigmoid 
colon to the posterior body wall.

The ascending colon averages about 15 to 20 cm in 
length and runs superiorly in a mostly straight course 
from the superior lip of the ileocolic valve to the right 
colic (or hepatic) flexure, where it passes into the trans-
verse colon. Inferiorly, it starts in the right iliac fossa in 
contact with the iliacus muscles, and after crossing the 
iliac crest, it is positioned in the angle between the 
psoas major muscle and the quadratus lumborum and 
transversus abdominis muscles. The right colic flexure, 
responsible for the so-called colic impression on the 
undersurface of the right lobe of the liver, lies anterior 
to the right kidney, the two organs being linked together 
by loose connective tissue. The ascending colon is 
sometimes in contact with the anterior abdominal wall, 
depending upon how distended its lumen may be, as 
well as the degree to which it is overlapped by the loops 
of the small intestine. As the ascending colon turns 
leftward, becoming the transverse colon, it is related to 
the descending part of the duodenum and the medial 
surface of the right kidney.

The transverse colon, varying from 30 to 60 cm in 
length, continues from the right colic (hepatic) flexure to 
the slightly more superiorly situated left colic (or splenic) 
flexure. It is an intraperitoneal structure, being attached 
to the posterior abdominal wall by a mesentery, specifi-
cally called the transverse mesocolon, which is very short 
in the region of the flexures and longest in the middle 
of the transverse colon. Because the transverse mesoco-
lon is most pendulous in the middle, affording the colon 
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MESENTERIC RELATIONS OF INTESTINES

mesocolon and to the serosal coating on the anterior 
side of the transverse colon. The middle section of the 
transverse colon would lie directly adjacent to the ante-
rior abdominal wall if the greater omentum were not 
draped anterior to it. Depending upon the position and 
fullness of various organs, the transverse colon can be 
covered by the liver and gallbladder on the right and 
the stomach and spleen on the left.

The retroperitoneal descending colon, some 20 to 
25 cm in length, extends inferiorly from the left colic 
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intersigmoid hernia. The left ureter passes retroperito-
neally posterior to the intersigmoid recess.

The arrangement of the circular and longitudinal 
muscle layers is practically identical to that of the cor-
responding structures of other parts of the colon, except 
for the most distal parts of the sigmoid colon, where 
the three flat longitudinal muscle bands, the taeniae coli, 
fan out to form a completely encircling longitudinal 
muscle layer at the rectosigmoid junction. In the same 

flexure to the iliac crest or beyond it into the left iliac 
fossa. Depending upon the distention of its lumen, it 
will be in contact with loops of small intestine medially 
and anteriorly. After running first in the angle between 
the lateral edge of the kidney and the quadratus lum-
borum muscle and then over the iliacus muscle, it 
finally passes anterior to the psoas major. As it does so, 
it crosses the femoral and genitofemoral nerves, and 
continues to become the sigmoid colon.

The exact point of transition between the descending 
colon and sigmoid colon is indefinite. The sigmoid is the 
segment of large bowel between the descending colon 
and the rectum, which is somewhat mobile as a result 
of its attachment to a mesentery, the sigmoid mesocolon. 
Because this mesentery is subject to great variations, the 
exact length of the sigmoid colon itself becomes vari-
able. It has been described as beginning anywhere 
between the left iliac crest and the brim of the true 
pelvis. As a rule, the sigmoid colon assumes an omega-
shaped flexure arching over the pelvic inlet toward the 
right side of the pelvis at the level of the first or second 
sacral vertebra. It finally joins the rectum at an acute 
angle at approximately the level of the third sacral ver-
tebra. However, this typical shape of the sigmoid is not 
constant. The sigmoid colon may be short, in which 
case it will run straight and obliquely into the pelvis, or 
it may be so long that the loop extends far to the right 
or, in an extreme case, high into the abdomen. The 
sigmoid colon’s average length is about 40 cm in adults 
and 18 cm in children, but with the variations already 
mentioned, it may reach a length of 84 cm or more. 
The root of its sigmoid mesocolon is variable but char-
acteristically starts in the upper left iliac fossa, proceeds 
inferiorly a few inches, medially, and again superiorly 
to a point on the psoas muscle a little to the left of the 
fourth lumbar vertebra, where it turns inferiorly into 
the pelvis. The line of mesenteric attachment takes the 
shape of an irregular and blunt inverted V. Turning 
inferiorly after having reached its highest point, the 
attachment line of the sigmoid mesocolon crosses ante-
riorly to the left common iliac artery and vein just above 
the division of the artery. The length of the sigmoid 
mesocolon (i.e., the distance from its root to the bowel 
wall) is extremely variable. A small peritoneal fossa, the 
intersigmoid recess, is formed by the sigmoid mesocolon 
while it twists around its vascular pedicle. The loop of 
sigmoid colon in this region covers the external iliac 
vessels, making it a good landmark for identifying the 
vascular stalk to the sigmoid colon as well as the exter-
nal iliac artery and vein. Rarely, loops of small bowel 
can become strangulated in this area, causing an 
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region the circular layer thickens as it approaches the 
rectosigmoid junction.

Throughout the course of the sigmoid colon, the 
omental appendages of the serous coat diminish gradually 
in number and size. These fatty appendages hang from 
the colon and are generally clinically silent unless they 
become twisted around their vascular pedicle; in such a 
case, the ischemia may mimic that of appendicitis or 
diverticulitis.

topography anD relatIons 
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circulares, Kerckring folds) in the small intestine consist 
of only mucosa and submucosa, the semilunar folds 
include the circular layer of the muscularis externa.

One major difference in the microscopic appearance 
of the colon compared with the small intestine is that 
the mucosa of the large intestine has no villi. Like the 
small intestine it does have deep intestinal glands (crypts 
of Lieberkühn), which increase in depth toward the 
rectum and can extend as far as the muscularis mucosae. 
In the submucosa, in addition to the usual blood vessels, 

structure of colon

The histologic appearance of the colon is a modifica-
tion of the normal structure of the entire intestinal 
tract. Specifically, the colon, cecum, and appendix 
consist of a mucosa, submucosa, double-layered muscu-
laris externa, and either a serosal or an adventitial layer. 
Despite having similar layers, the colon differs signifi-
cantly from the small intestine, being larger in diameter 
and containing a wider lumen. The colon also differs 
from the small intestine because of the three structures 
that are typical of it: (1) the three taeniae coli, (2) the 
haustra, and (3) the omental appendages.

The taeniae coli are three longitudinal bands, approxi-
mately 8 mm in width, running along the length of the 
colon. They are actually the external (outer) layer of the 
muscularis externa. This layer of smooth muscle typi-
cally runs longitudinally, but unlike elsewhere in the 
gastrointestinal tract, the taeniae do not form a uniform 
coat but condense into three distinct bands. The spaces 
between the taeniae coli consist of a thin longitudinal 
coating of smooth muscle. Each of the taeniae is named 
for its location on the transverse colon. The mesocolic 
taenia is located on the posterior aspect of the transverse 
colon between the two layers of the transverse mesoco-
lon. It lies on the posteromedial surface of the ascend-
ing and descending colon. A second taenia, the omental 
taenia, is positioned along the attachment of the greater 
omentum as it lies across the anterosuperior surface of 
the transverse colon. It continues along the posterolat-
eral aspect of the ascending and descending colon. The 
third taenia, called the free taenia, can frequently be 
noted without dissection on the inferior surface of the 
transverse colon and on the anterior aspect of both the 
ascending and descending colon. The three taeniae coli 
merge into a uniform longitudinal coat of smooth 
muscle where the appendix joins the cecum and as the 
sigmoid transitions to become the rectum. Generally, 
the posterolateral and anterior taeniae coalesce into a 
broad longitudinal band in the distal sigmoid colon. 
The external longitudinal muscular layer of the proxi-
mal rectum retains a slight trace of the taeniae because 
the layer is more strongly developed in its anterior and 
posterior parts than it is laterally.

A haustrum is a more or less prominent sacculation 
of the colon formed in the spaces between the taeniae 
coli. Individual haustra are separated from each other 
by constricting circular furrows of varying depth. The 
degree of their prominence depends on contraction of 
the taeniae; the more the taeniae contract, the more 
marked the haustra become. When the taeniae coli are 
relaxed, the haustra are almost completely absent. The 
omental appendages are subserous pockets filled with fat 
that are distributed in two rows along the length of the 
ascending and descending colon. In the transverse 
colon they form only one row along the line of the free 
taeniae. The size of each appendage varies according to 
the individual’s state of nutrition or amount of overall 
body fat.

Within the lumen of the colon, the mucous mem-
brane of the large intestine forms crescent-shaped 
transverse folds, known as semilunar folds or plicae semi-
lunares, which correspond to furrows between haustra 
on the outer surface. Whereas the circular folds (plicae 
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lymphatics, and submucosal plexus, there are numerous 
solitary lymphatic nodules in the lamina propria that 
penetrate through the muscularis mucosae into the sub-
mucosa. The epithelial lining of the large intestine has 
one layer built up of tall columnar cells that replicate 
from a stem cell population in the lower third of  
the gland and move progressively toward the surface. 
Mucus-producing goblet cells are very numerous  
in the epithelium of the colon, especially at the base  
of the pits.
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wall on the concave side, which are produced by 
crescent-shaped infolding of the mucosa and submu-
cosa that also includes the circular musculature but not 
the longitudinal layer of the muscularis externa. These 
more or less marked folds, known as transverse folds of 
the rectum (rectal valves, valves of Houston), encircle 
about one third to one half of the rectal circumference. 
The superior and inferior transverse folds are located on 
the left side, the former approximately 4 cm below the 

rectum anD anal canal

The terminal part of the gastrointestinal tract com-
prises the rectum and the anal canal, which are derived 
from quite different embryonic structures. The rectum 
extends from the rectosigmoid junction, at the level of 
the third sacral vertebra, 10 to 15 cm downward to the 
anorectal line. The peritoneal lining that creates the 
serous layer of the sigmoid colon continues inferiorly, 
but only over the anterior and lateral walls of the 
rectum. The posterior surface is typically adventitial, 
connected directly to the posterior body wall without a 
mesentery. Occasionally, a very small mesorectum may 
be present but only close to the rectosigmoid junction. 
The rectum is thus generally a truly retroperitoneal 
organ. The peritoneum that lines the anterior surface 
of the rectum is reflected into the region between the 
rectum and the bladder in the male, forming the recto-
vesical pouch, or rectum and uterus in the female, 
forming the rectouterine pouch. The depth of these 
pouches is variable, although the average distance from 
the anus to these peritoneal sacs is 7 cm in the male and 
4 cm in the female, the rectouterine pouch being con-
siderably deeper than the rectovesical pouch. As one 
follows the peritoneum on the anterior surface of the 
rectum laterally, it travels toward the sacrum, creating 
two longitudinal furrows, the pararectal fossae.

To understand its function, the rectum can conceptu-
ally be divided into an ampullary and a sphincteric 
portion. The ampullary portion appears as a transverse 
slit that can be almost completely collapsed or bal-
looned outward when filled with fecal matter. Its size 
and shape vary at different times in the same individual 
depending upon its fullness and intraabdominal pres-
sure. With a circumference of approximately 15 cm at 
the rectosigmoid junction and 35 cm or more at its 
widest part, the rectum narrows as it passes through the 
musculature of the pelvic diaphragm. This occurs 
roughly at the level of the middle of the prostate in the 
male or the middle of the vagina in the female. The 
length of the rectum is subject, as is the diameter,  
to great variation between individuals, although on 
average, it is smaller in women than in men. The sacral 
curvature of the ampullary portion of the rectum con-
forms, unsurprisingly, to the anterior surface of the 
sacrum. The rectum’s posterior wall continues to lie 
adjacent to the sacrum inferiorly to the level of the 
sacrococcygeal articulation, at which point it comes to 
lie more or less horizontally over the levator ani muscle. 
The anterior wall is comparatively straight and follows 
closely a line parallel to the posterior aspect of the 
vagina in the female or the urinary bladder in the male. 
In any event, the rectum is anything but straight (the 
Latin term rectus [straight] is derived from the early 
anatomists’ experience in dissecting mammals that do 
not walk upright).

The ampullary portion of the rectum typically has 
three lateral flexures. Of these, the superior lateral 
flexure is convex to the right, the intermediate  
lateral flexure is convex to the left, and the inferior 
lateral flexure is convex to the right. All three bends 
correspond to the indentations on the internal rectal 
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rectosigmoid junction and the latter about 2 to 3 cm 
above the pectinate line at a site where the ampullary 
portion of the rectum begins to narrow. The intermedi-
ate transverse fold typically lies on the right side at or 
slightly above the level of the peritoneal reflection, 
about 6 to 7 cm above the pectinate line. It is worth 
noting that this distance is about the limit to which a 
probing finger may reach during rectal digital examina-
tion. In most instances the intermediate transverse fold 
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The section of the anus that forms the inferior two 
thirds of the surgical anal canal is termed the anatomic 
anal canal, which starts at the pectinate line and extends 
to the external opening of the anus. The superior 
portion of the anatomic anal canal is called the anal 
pecten or just pecten (Latin for “comb”) because of the 
comblike appearance of the pectinate line. The pecten 
is made up of the mucocutaneous epithelial lining, 
sometimes called the anoderm, and the structures found 
within the subepithelial connective tissue. This region 

is the largest of all three valves, but their size varies, as 
does their number. One or two additional folds or 
valves may be encountered, or only two may be present.

The sphincteric portion of the rectum, often considered 
to be the upper third of the surgical anal canal, begins 
at the palpable upper edge of the anorectal muscle ring, 
usually about 4 to 6 cm above the external opening of 
the anus, where the rectum narrows considerably. It 
extends down to the pectinate line (anatomic anorectal 
line, dentate line), an irregular, undulating demarcation 
in the rectal mucosa about 2 to 3 cm above the external 
anal opening. It has been assumed that this line marks 
the junction of the endodermal primitive gut with the 
ectodermal proctodeum; histologic evidence, however, 
has disclosed that this transition of the two fetal struc-
tures is not abrupt but spreads gradually over several 
centimeters. Nevertheless, the dentate line is visually 
recognizable, encircling the bowel, presenting from 6 
to 12 superior extensions that are interrupted by an 
equal number of intervening inferior sinuses. The supe-
rior extensions of the dentate line are generally related 
to and overlie longitudinal elevations in the anal 
mucosa, known as anal columns, or columns of Mor-
gagni. These stretch 2 to 3 cm superiorly and blend 
into the anal/rectal mucosa. They contain a richer lym-
phatic and vascular bed than does the intervening 
tissue. The uneven nature of the pectinate line is par-
tially due to the fact that it stretches along the length 
of the anal columns. The valleylike depressions between 
the anal columns are the anal sinuses, or sinuses of Mor-
gagni. At their lower extremities (the dentate line), the 
rectal columns are joined together by mucosal folds, the 
anal valves. These anal valves should not be confused 
with the transverse rectal folds, which are sometimes 
called rectal valves. Most, but not all, of the anal sinuses 
extend inferiorly to form pockets, designated as anal 
crypts (also known as anal pockets, crypts of Morgagni, 
and saccules of Horne), which may be 1 cm or more 
deep. The ducts of anal glands release mucus into the 
anal crypts, but the ducts and glands may extend for a 
variable distance into the adjacent tissues, even into the 
sphincter muscles; for this reason they are sometimes 
referred to as “intramuscular glands.” These glands and 
their ducts are sometimes foci for anorectal infections. 
Infection or inflammation can create perianal abscesses 
that extend to the skin surrounding the anus and 
rupture through the epidermis, creating a perianal 
fistula.

Occasionally, the anal columns form papillary projec-
tions into the rectal lumen, and the name anal papillae 
has been applied to these teatlike processes. In most 
instances these anal papillae are absent, but when they 
are present, they may hypertrophy and become promi-
nent enough to appear as fibrous polyps that may even 
prolapse through the anal canal.
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is important because it marks the transition between  
the visceral blood supply and innervation superiorly 
(rectum) and the somatic blood supply and innervation 
inferiorly (anus). Anastomoses between the portal 
venous system and branches of the internal iliac veins 
occur in this area, creating an internal rectal (venous) 
plexus at the watershed areas between the two. Connec-
tions between the autonomic innervation of the rectum 
and the peripheral nerve supply of the anal canal, as well 
as the lymphatic drainage of both regions, also occur in 

rectum anD anal canal 
(Continued)
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This epithelial transition zone may extend far above the 
dentate line up to the region of the anorectal muscle 
ring but generally does not extend more inferiorly than 
the anal valves. It is therefore incorrect to refer to the 
dentate line as being the “mucocutaneous junction.”

The stratified squamous epithelium of the anoderm 
covers the rectal columns and sinuses and thickens as it 
approaches the intersphincteric groove. The anoderm 
itself is devoid of mucous, sebaceous, and sweat glands 

the region of the pecten. The pecten is surrounded by 
all the muscles that constitute the anal muscular ring, 
extends inferiorly for a varying length of 1 to 1.5 cm to 
the pecten’s inferior border, the intersphincteric groove 
(white line of Hilton, intermuscular groove). The inter-
sphincteric groove is a palpable landmark created by the 
attachment of the conjoined longitudinal muscle (combina-
tion of the levator ani and muscularis externa) to the 
anoderm at the level between the blunt lower margin 
of the internal anal sphincter and the subcutaneous 
portion of the external anal sphincter. The clinical sig-
nificance of the pecten is indicated by its being the zone 
of predilection for anal fissures, fibrosis (pectenosis), 
and inflammatory processes. Inferior to the pecten, a 
ring of cutaneous tissue that is 1 cm broad begins at the 
intersphincteric groove and terminates at the external 
opening of the anal canal. The anoderm in this region 
of the anatomic anal canal contains the perianal space, 
the subcutaneous part of the external anal sphincter, 
and another portal/systemic venous watershed area, the 
external rectal (venous) plexus.

The axis of the anal canal (anatomic as well as surgi-
cal) is, in adults, directed superiorly and anteriorly 
toward the umbilicus, in contrast to that of the rectum. 
In infants, both axes, that of the rectum and that of the 
anal canal, take the same direction because the child still 
lacks the adult rectal curves. This predisposes children 
to anal and rectal prolapse more frequently than adults.

Microscopically, the mucosa of the rectum is thicker 
than that of the nearby sigmoid colon. It also becomes 
increasingly redder and more richly vascularized as it 
approaches the surgical anal canal, until its lowermost 
portion assumes nearly a plum color. The extreme vas-
cularity predisposes it to hemorrhagic disorders. The 
mobility of the rectal mucosa is also greater, and large 
folds, sometimes referred to as pseudopolyps, can form 
from it. The simple columnar epithelium of the rectum 
is similar to that of the colon, though the cells may 
appear more cuboidal toward the inferior end. Like the 
remainder of the colon, the rectum contains intestinal 
glands (crypts of Lieberkühn) that are particularly well 
developed and contain an abundance of goblet cells. 
The columnar epithelium of the rectum extends down-
ward into the upper third of the surgical anal canal, 
where it changes into a stratified squamous epithelium 
at a point just above the pectinate line. This epithelium 
directly covers the internal rectal (venous) plexus as well 
as the anal columns and anal sinuses. An anal transitional 
zone exists between the simple columnar epithelium of 
the rectum and the stratified squamous epithelium of 
the external anal and perineal areas. In this transitional 
zone, the epithelium appears blended, and it is possible 
to see simple columnar, simple cuboidal, stratified 
cuboidal, and stratified squamous cells in the region. 
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and is firmly attached to the muscular and fibrous 
tissues of the pecten, and it is separate from the perianal 
space located inferiorly. Below the intermuscular 
groove, the anoderm further thickens and continues as 
perianal skin with its usual cutaneous hair follicles, 
sebaceous glands, and eccrine sweat glands. The peri-
anal skin also contains large apocrine glands, called 
circumanal glands (circumanal glands of Gay), in which 
perianal hidradenoma may occasionally be diagnosed.

rectum anD anal canal 
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This fixation to the underlying fibromuscular structures 
supports the nearby internal rectal (venous) plexus during 
defecation. It also helps the pecten resist eversion of the 
anal canal and prolapse of the rectum. When prolapse 
or procidentia does occur, it is also this fixation that is 
responsible for the formation of the intermuscular 
depression or groove. In its most inferior part, the con-
joined longitudinal muscle gives off a fanlike series of 
fibromuscular septa, which pass through the circular 
fibers of the subcutaneous portion of the external 

anorectal musculature

Like the rest of the gut tube, the rectum has an inner 
circular and an outer longitudinal muscularis externa, 
which is made of smooth muscle. However, this simple 
organization becomes much more complex and quite 
peculiar as it integrates with the skeletal muscle fibers 
that make up the anal sphincters and levator ani muscles. 
In the rectum the longitudinal layer of the muscularis 
externa is formed by an expansion of the taeniae coli as 
they spread out in the region of the rectosigmoid junc-
tion to coat the rectum more uniformly. Similarly,  
the inner circular layer of the muscularis externa of the 
rectum is a continuation of the circular muscle of the 
sigmoid colon. The ampullary section of the rectum is 
characterized by frequent connections of longitudinal 
and circular fibers. Fanlike muscular bundles of the 
longitudinal musculature insert into the circular layer, 
particularly at the site of those indentations that cor-
respond to the transverse folds. At the lower extremity 
of the rectum, the longitudinal smooth muscle fibers 
fuse with striated fibers from the pubococcygeus and 
puborectalis portions of the levator ani muscle as well as 
by fibers from the supraanal fascia to become a con-
joined longitudinal muscle in the upper part of the 
surgical anal canal. At the same level, the inner circular 
layer of smooth muscle becomes thicker to constitute 
the internal anal sphincter muscle.

Thus the internal anal sphincter muscle, representing 
a gradual enlargement of the inner circular muscle of 
the rectum, is composed of smooth muscle fibers that 
are innervated by autonomic nerves via the intrinsic 
myenteric and submucosal plexuses. At the level of the 
intersphincteric groove (0.5 to 1 cm above the external 
opening of the anus), the internal anal sphincter, having 
a thickness of 0.6 to 0.8 cm and a length of 3 to 5 cm, 
ends with a sharply defined and readily palpable 
rounded lower margin, resulting from its strong fascial 
encasement and the recurrent arrangement of its more 
caudal muscle bundles.

The combined longitudinal muscle (from rectal lon-
gitudinal smooth muscle and skeletal muscle fibers of 
the levator ani) extends inferiorly, surrounding the 
internal anal sphincter, before itself becoming sur-
rounded by the external anal sphincter. While continu-
ing on its inferior course, the muscle gives off bundles 
of fibroelastic tissue interwoven with muscular fibrils, 
which penetrate the internal sphincter. These fascicles 
decrease successively in their obliquity as they pass 
through the internal sphincter, until the deepest fasci-
cles actually ascend. Some of these penetrating fascicles 
fuse with the well-developed muscularis mucosae of the 
anal canal and were formerly designated as “sustentator 
mucosae of Kohlrausch” but are more properly referred 
to as muscularis submucosae ani. These fibers anchor the 
anoderm of the pecten to the underlying tissue and to 
the lower third of the internal anal sphincter. 
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sphincter ani to attach themselves to the perianal skin. 
Here, the muscular elements of these septa form 
(together with some extended fibers of the muscularis 
submucosae ani) the corrugator cutis ani.

Extensions from the conjoined longitudinal muscle 
pass outward through the external anal sphincter. The 
most important of these extensions are those that sepa-
rate the subcutaneous and superficial portions of the 
sphincter and continue as the transverse septum of the 
ischioanal fossae. Anteriorly, extensions are also reflected 
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the perineum and the median fascial raphe of the bulbo-
spongiosus muscle. In the female, however, only a few 
fibers of the superficial portion insert at the central 
point of the perineum; the majority of them merge with 
the bulbospongiosus muscle, and some may extend lat-
erally as far as the ischiopubic rami and the ischial tuberosi-
ties in conjunction with, or independent of, the thin 
superficial transverse perineal muscles. It is not uncommon 
that fibers, which pass around the anal canal on the left 
side, cross over to insert anteriorly or laterally on the 

to the urethra above the external sphincter, forming 
part of the rectovesicalis muscle and, posteriorly, to the 
coccyx as the anococcygeal ligament.

The significance of the conjoined longitudinal muscle 
for the physiologic study, pathologic study, and surgical 
procedures of the anal and rectal areas cannot be over-
emphasized. Together with the levator ani muscle, it 
exercises its levator and sphincteric actions on the 
entire length of the anal canal. By its extensions at the 
level of the intersphincteric groove and by its fascial 
frame in the upper third of the surgical anal canal, the 
muscle influences the spread of anorectal infections as 
well as the sites of the openings and main tracts of fis-
tulas. From the surgeon’s point of view, the terminal 
conjoined longitudinal muscle fibers are important 
because they permit the recognition of the lower border 
of the internal sphincter, which is a landmark during 
internal hemorrhoidectomy or hemorrhoidopexy.

The outermost and also most inferior muscular ele-
ments of the anal canal belong to the external anal 
sphincter, which is a trilaminar skeletal muscle. Its three 
parts, the subcutaneous, superficial, and deep parts, are 
more easily recognized surgically than in the cadaver. 
The subcutaneous portion, about 3 to 5 mm in diam-
eter, surrounds the anal orifice directly above the anal 
margin and is readily palpable and often discernible as 
a distinct annular ridge. Separated from the internal 
anal sphincter by fibers of the conjoined longitudinal 
muscle at the level of the intersphincteric groove, the 
subcutaneous portion is situated inferior to and slightly 
lateral to the internal sphincter. Seen from below, the 
subcutaneous portion usually has an annular form, 
though its fibers may cross and branch in all directions 
and may extend posteriorly. In the male, anterior  
muscular extensions to the median raphe are not 
uncommon, and uncrossed posterior extensions of the 
subcutaneous external sphincter connecting with the 
coccyx may also be found. In the female, the subcutane-
ous portion is much more strongly developed, particu-
larly anteriorly, where it forms a prominent annular 
band, frequently incised at episiotomy. The subcutane-
ous muscle is functionally integrated with the levator 
ani muscle through extensions of the conjoined longitu-
dinal muscle which pass fanlike through it, to terminate 
as fibers of the corrugator cutis ani.

Just deep to the subcutaneous part of the external 
anal sphincter is the elliptically shaped superficial portion, 
which is the largest and strongest of the three parts. It 
is situated somewhat lateral to the subcutaneous portion 
and arises independently from the tip of the coccyx; this 
fact explains why it is sometimes referred to as the coc-
cygeal portion. The fibers enclose, in a crescentlike 
fashion, the lower third or half of the internal sphincter 
and insert, in the male, at or around the central point of 
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right side, and vice versa, as they move anteriorly. Pos-
teriorly, the superficial muscle forms the right and left 
muscular components of the anococcygeal ligament. Deep 
or superior to this ligament, the right and left ischioanal 
fossae are continuous through the deep postanal spaces, 
whereas the right and left perianal spaces communicate 
with each other through the superficial postanal space 
superficial or inferior to the anococcygeal ligament.

The deep part of the external anal sphincter is, for the 
most part, an annular muscle bundle that blends with 

anorectal musculature 
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to a site just medial to the obturator foramen. It con-
tinues posteriorly, attaching to the anterior extremity of 
the arcus tendineus, formed from the thickened fascia 
of the obturator internus muscle. From this origin the 
muscle fibers stretch medially and posteriorly along the 
inner boundaries of the pelvic aperture, looping around 
the rectum, just superior to the puborectalis muscle. 
The fibers of both sides join in the midline, contribut-
ing to the muscular raphe that inserts into the anterior 

the puborectalis muscle as it passes around the posterior 
end of the terminal rectum and does not usually attach 
to the coccyx. The deep part of the external sphincter 
surrounds the upper third of the surgical anal canal and, 
with the prerectal muscle bundles of the levator ani, 
some fibers may attach themselves to the perineal body 
or, after crossing sides, may join the superficial transverse 
perineal muscle and extend as far as the ischium.

The muscles that form the pelvic diaphragm, in par-
ticular the levator ani muscle, keep the rectoanal canal in 
position. The levator ani is frequently subdivided into 
three individual components that form a nearly con-
tinuous sheet of skeletal muscle, namely, the puborectalis, 
pubococcygeus, and iliococcygeus muscles. Another way to 
view the levator ani is to conceptualize its component 
muscles as enclosing the pelvic outlets in two planes,  
a diaphragmatic and a subdiaphragmatic plane. The 
former is created by a broad, sweeping, muscular sheet 
of the pubococcygeus and iliococcygeus muscles, with 
the puborectalis muscles contributing a very small 
ventral muscle bundle. The subdiaphragmatic plane is 
formed by the inferior extensions of the pubococcygeus 
and puborectalis muscles into the nearby musculature 
of the visceral outlets, particularly of the anal canal. The 
subdiaphragmatic plane assumes a more vertical axis as 
its fibers funnel around the anorectal canal and urogeni-
tal outlets, whereas the diaphragmatic plane is oriented 
more horizontally.

The puborectalis muscle contributes only a small part 
to the diaphragmatic plane and lies almost entirely in 
the subdiaphragmatic plane. It is the most medial 
portion of the levator ani, taking its origin at the pubic 
bone just medial to the origin of the pubococcygeus 
muscle. Not readily recognizable as a distinct muscular 
structure in its region of origin, its fibers pass posteri-
orly and horizontally on either side of the pelvic aper-
ture and gradually come to lie inferior and medial to 
the anal extensions of the nearby pubococcygeus 
muscle. In its course, the originally horizontal surface 
of the muscle becomes its inner surface, and its origi-
nally medial edge its inferior margin. It then forms a 
sling around the posterior aspect of the rectum just 
superficial to the rectum’s conjoined longitudinal 
muscle fibers. In conjunction with the deep part of the 
external anal sphincter, to which it is attached, this 
slinglike muscle band forms the posterior half of the 
proctologically important anorectal muscle ring. 
Although the fibers of the puborectalis muscle do not 
extend to the coccyx, the midline raphe sends fibrous 
bands posteriorly to the coccyx, fixing it posteriorly. 
Anterior to the rectum, the muscle also gives off fibro-
muscular extensions to the prostate or vagina and to the 
conjoined longitudinal muscle of the rectum. It is better 
developed and more readily visible in the female.

Just lateral to the puborectalis muscle origin is the 
origin of the pubococcygeus muscle, which arises from the 
posterior aspect of the pubic bone and superior pubic 
ramus and extends from a site near the pubic symphysis 
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aspect of the coccyx, continuous with a contribution 
from the puborectalis muscle. Aponeurotic extensions 
from this raphe continue along the sacrum as anterior 
sacrococcygeal ligaments. The part of the pubococcygeus 
muscle that lies in the subdiaphragmatic plane consists 
of fibromuscular extensions to the prostate gland, 
urethra, and vagina, and also the rectum and anal canal. 
These extensions fuse with the longitudinal muscles 
and fascial collars of the visceral outlets or bridge the 

anorectal musculature 
(Continued)



	 Colon

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 129

Clinical experience, especially in surgery of anterior 
anal fistulas, has shown that the greater portion of the 
anal musculature may be severed without materially 
interfering with anal continence, but some degree of 
incontinence is apt to follow, as a result of a relatively 
greater retraction of the musculature, when the anorec-
tal ring is divided through its entire thickness, particu-
larly in its anterior and lateral aspects. A change in the 
anatomic relations of the anorectal musculature occurs 
under anesthesia, especially spinal anesthesia, a fact that 

interval between them. Some fibers from each side do 
interdigitate with those of the opposite side, and some 
cross from side to side as the prerectal bundle.

The iliococcygeus muscle arises almost entirely from the 
thickened medial fascia of the obturator internus muscle 
along a convex line, the arcus tendineus of the levator ani, 
which begins posterior to the obturator foramen and 
extends posteriorly to attach just superior to the ischial 
spine. The muscle’s fibers, directed medially, inferiorly, 
and slightly posteriorly, converge and contribute to the 
levator ani slightly inferior to the pubococcygeus 
muscle.

The muscular constituents of the levator ani muscle, 
when conceptualized together in the subdiaphragmatic 
and diaphragmatic planes, are shaped (from a superior 
view) like a funnel. The rims of the funnel attach to the 
pubic bone, arcus tendineus, and ischium, and the 
lowest point is marked by the hiatus for the anal canal. 
The levator ani thus fixes the pelvic floor and acts as  
a fulcrum against which increased abdominal pressure, 
as occurs in lifting, coughing, or defecation, may be 
resisted. Its pubococcygeal portion and the sling muscle 
of the puborectalis muscle have additional functions, 
insofar as they become integral parts of the anorectal 
muscle ring surrounding the inferior part of the rectal 
ampulla and the upper end of the surgical anal canal. 
The posterior half of this ring consists mainly of the 
puborectalis sling fibers, which also serve as a promi-
nent, readily definable, proctologic landmark. The less 
prominent anterior half of the ring is composed of the 
internal anal sphincter, the thin muscular extensions 
from the pubococcygeus known as the prerectal bundle 
(Luschka fibers), and the conjoined longitudinal muscle 
surrounded by the deep portion of the external sphinc-
ter. In view of such integration between the skeletal 
(voluntary) musculature of the pelvic floor and the 
smooth (involuntary) or partly mixed muscles intrinsic 
to the terminal structures of the intestines, the role of 
the levator ani as supplement and synergist for the con-
traction and relaxation of the anorectal sphincter mech-
anism is evident. The posterior half of the anorectal 
muscle ring, in conjunction with the puborectalis 
muscle sling, contracts to pull the rectum toward the os 
pubis (increasing the angulation in the anorectal tube), 
shortens and narrows the pelvic aperture, and elevates 
the anus and thus collaborates in closing the anal canal.

Posterior to the levator ani muscle, the remaining 
pelvic floor is formed by the coccygeus muscle. Together, 
the levator ani muscle and the coccygeus muscle are 
called the pelvic diaphragm. The levator ani and coc-
cygeus muscles are innervated by special nerves derived 
from the ventral rami of the fourth (sometimes also 
third) sacral spinal nerve. These nerves course on the 
superior surface of the muscles until they penetrate 
them. The three laminae of the external sphincter 
muscle are supplied by the inferior rectal and perineal 
nerves branching from the pudendal nerve.
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is significant in anorectal surgery. All the somatic com-
ponents of the musculature relax, but the visceral com-
ponents tend to retain or even increase their tone. As a 
result, the anal canal becomes foreshortened and the 
internal sphincter is displaced to a relatively lower level, 
becoming the principal presenting muscle surrounding 
the anal orifice. The subcutaneous portion of the 
sphincter flattens out and recedes laterally, so that the 
intermuscular depression may disappear and become 
less readily palpable.

anorectal musculature 
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superior mesenteric artery, the right and middle colic 
arteries, supply the ascending and transverse colon, 
respectively. The inferior mesenteric artery splits into left 
colic, sigmoid, and superior rectal arteries, which supply the 
descending colon, sigmoid colon, and rectum, respec-
tively. The right, middle, and left colic arteries all feed 
into the marginal artery (of Drummond), an artery that 
parallels the colon itself; it allows all these vessels to 
anastomose and provides redundancy in blood supply. 
Many straight arteries leave the marginal artery and 
enter the colon itself.

BlooD supply of  
large IntestIne

For the typical pattern of arterial branching of the 
intestines, please refer to Plates 1-1 and 1-2. In this 
section we will describe the variations concerning the 
origin, course, anastomoses, and distribution of the 
vessels supplying the large intestine. These variations 
are so frequent that conventional textbook descriptions 
are inadequate for anyone attempting procedures in the 
area. Briefly, the typical pattern of branching of the 
arteries to the large intestine is as follows: The ileocolic 
artery, from the superior mesenteric artery, supplies the 
distal ileum and also gives off the appendicular artery. 
The cecum receives anterior and posterior cecal arteries 
from the ileocolic artery. Two other branches of the 
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During an appendectomy, identifying and isolating 
the blood supply of the vermiform appendix is impera-
tive, making familiarity with variations in the branching 
patterns of the distal ileocolic artery particularly impor-
tant. The ileocolic artery usually splits into ileal and 
colic branches. The ileal branch anastomoses with the 
ileal arteries but also gives off the appendicular artery, 
which runs posterior to the ileal branch to reach the 
appendix. The colic branch of the ileocolic artery typi-
cally gives off the posterior and anterior cecal arteries. 
The appendicular artery may exit the ileal branch 
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rise to two appendicular arteries (Plate 3-15F). Multiple 
appendicular arteries may also arise from the arcade and 
ileal branch (Plate 3-15G), or in some cases, the appen-
dicular artery in its entirety may arise from the colic 
branch of the ileocolic artery (Plate 3-15H). There may 
be more than one arcade running between the ileal and 
colic branches, further complicating the possible varia-
tions (Plate 3-15I). With double appendicular arteries, 

distally and not run posterior to it (Plate 3-15A). The 
anterior cecal, posterior cecal, and appendicular arteries 
may also branch from the ileal branch. In such a case, 
the appendicular artery may originate from the poste-
rior cecal branch (Plate 3-15B). There may also be one 
or more arcades formed between the ileal branch and 
the colic branch of the ileocolic artery (Plate 3-15C to 
I). The anterior and posterior cecal branches may leave 
this arcade rather than the colic branch (Plate 3-15C), 
or they may leave as a common trunk and separate 
thereafter (Plate 3-15D). There may be two posterior 
cecal branches (Plate 3-15E), and the appendicular 
artery may originate from the posterior cecal artery, or 
both the anterior and posterior cecal arteries can give 
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both may supply the entire appendix or one may take 
care of the organ’s base and the other, the tip.

In nearly one fifth of the population, the right colic 
artery is absent. In such a case, the ascending colon is 
still supplied with blood from the ileocolic and middle 
colic arteries that perfuse the marginal artery (Plate 
3-16A). At other times, the right colic artery may 
indeed exist but instead of leaving the superior 
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Plate	3-17	

VARIATIONS IN COLIC ARTERIES (CONTINUED) 
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mesenteric artery directly, it leaves the ileocolic artery 
(Plate 3-16B). As a separate branch of the superior 
mesenteric artery, the middle colic artery is frequently 
absent. In such instances the artery is often replaced by 
a common right middle colic trunk that gives off a 
middle colic branch (Plate 3-16C) and occasionally by 
an enlarged branch of the left colic artery, the latter at 
times reaching the hepatic flexure (Plate 3-16D). An 
accessory middle colic artery may be present. It usually 
anastomoses with branches from the left colic artery in 
the left side of the transverse mesocolon (Plate 3-16E). 
This accessory middle colic artery may also arise from 
the trunk of the middle colic artery to serve the splenic 
flexure. At other times a single middle colic artery may 
give off two large trunks leading toward the hepatic and 

splenic flexures, where the ascending and descending 
colon meet the transverse colon (Plate 3-16F). The 
marginal artery, which parallels the ascending, trans-
verse, and descending colon, typically allows significant 
anastomosis between the right, middle, and left colic 
arteries. It may be discontinuous, so that a region of the 
colon (Plate 3-17G shows the proximal ascending 
colon) has only one of the colic arteries contributing 
blood to the organ. Another variation is a large trunk 

running between the middle and left colic arteries, cre-
ating an additional anastomosis besides the marginal 
artery. This is referred to as the arc of Riolan (Plate 
3-17H), and the additional vessel can be found in the 
transverse mesocolon between its two parent branches.

The middle colic artery also has the bizarre tendency 
to sometimes originate from branches of the celiac 
artery, which typically supplies only the foregut organs. 
This is strange because even though the transverse 

BlooD supply of large 
IntestIne (Continued)



	 Colon

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 133

Plate	3-18	

ARTERIES OF RECTUM AND ANAL CANAL: MALE
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Inferior rectal arterycolon is located in close proximity to several foregut 
organs, it is near the end of the midgut; one would not 
therefore expect that it would have any blood supply in 
common with foregut organs. The middle colic artery 
may arise from the dorsal pancreatic artery in the vicin-
ity of the transverse pancreatic artery before entering 
the transverse mesocolon to supply the transverse colon 
(Plate 3-17I). The situation may also be reversed, with 
the dorsal pancreatic artery originating from the middle 
colic artery (Plate 3-17J). Far less frequently, this situ-
ation may be more complex, with the middle colic 
artery originating directly from the celiac trunk or 
splenic artery before giving off the transverse pancreatic 
artery. Occasionally, the middle colic artery originates 

behind the head of the pancreas from an accessory right 
hepatic artery or from a common trunk, giving rise to 
both the right hepatic artery and middle colic artery 
(Plate 3-17K). The middle colic artery may also some-
times give off the right gastroomental artery (Plate 
3-17L), which is typically a branch of the gastroduode-
nal artery, a tributary of the celiac trunk.

In all of these cases, an additional anastomosis 
between the celiac trunk and superior mesenteric artery 
is created within the body of the pancreas. Typically 

these two parent arteries anastomose via arteries origi-
nating from the superior pancreaticoduodenal branch 
(celiac trunk) and inferior pancreaticoduodenal branch 
(superior mesenteric artery), which supply the head of 
the pancreas and descending duodenum. The addi-
tional anastomosing arteries in the body of the pancreas 
are predominantly small (1 mm in diameter) but may 
enlarge, especially when connecting the superior mes-
enteric artery with the hepatic or right gastroomental 
artery, reaching a diameter of 2 to 3 mm.

BlooD supply of large 
IntestIne (Continued)



	 Lower	Digestive	Tract:	PART	II

134	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

project fluid to the inferior mesenteric nodes. From the 
lower part of the anal canal, lymph vessels pass over the 
perineum, alongside the scrotum or labia majora and 
inner margin of the thigh, to the superficial inguinal 
lymph nodes.

From the region of the surgical anal canal of the 
rectum, the lymphatic fluid passes into anorectal nodes 
lying immediately posterior to the lower portion of the 
ampulla and from there to sacral nodes situated behind 
and adjacent to the rectum in the concavity of the 

lymph DraInage of  
large IntestIne

Lymphatic fluid from the large intestine might first 
encounter the diffuse epicolic nodes, which are situated 
immediately beneath the serous membrane on the 
intestinal wall. Because these are so few, much of the 
colon’s lymphatic fluid likely bypasses these nodes. The 
first important regional lymph nodes are the paracolic 
nodes, located within the mesentery near its attachment 
to the ascending, transverse, descending, and sigmoid 
colon. These nodes send fluid through lymphatic ducts 
that parallel the nearby vessels to reach nearby regional 
lymph nodes: ileocolic, right colic, middle colic, and left colic 
lymph nodes, appertaining to the respective regions of 
the large intestine. The majority of the lymph nodes 
along the course of the ileocolic artery receive their 
lymph from the ileocecal region, including the appen-
dix (prececal, retrocecal, ileocecal, and appendicular 
nodes). There are interconnections between the ileoce-
cal and retroperitoneal lymphatics, including those  
that run near the spermatic vessels, accounting for the 
occasional migration of bacteria from the ileocecal  
zone into the superficial lymph nodes of the inguinal 
region. Similar interconnections occur on the left side 
of the body.

The ileocolic, right colic, and middle colic lymph 
nodes send fluid along the accompanying blood vessels 
to reach the superior mesenteric nodes located at the base 
of the vessel. The lymph ducts from the descending and 
sigmoid colon follow the branches of the inferior mes-
enteric vessels and lead to the inferior mesenteric nodes. 
The lymph from the region of the splenic flexure flows 
partly into the superior mesenteric lymph nodes and 
partly into the inferior mesenteric lymph nodes.

Some of the lymphatics emanating from the inferior 
mesenteric nodes follow the uppermost branches of the 
inferior mesenteric vessels, passing from left to right in 
a craniomedial direction around the duodenojejunal 
flexure to reach the superior mesenteric nodes. In con-
trast, lymph ducts draining the lower parts of the colon 
on the left run to the preaortic lymph nodes and thence 
into the lumbar, superior mesenteric, and celiac lymph 
nodes. Lymphatic fluid in this region enters the cisterna 
chyli, a saclike lymphatic vessel. The cisterna chyli also 
receives much of the lymphatic fluid drained from the 
lower limbs, pelvic organs, hindgut, midgut, and foregut 
organs. From the cisterna chyli, lymph drains superi-
orly through the thoracic duct. This large lymphatic 
vessel has prominent valves in its wall and is found in 
the posterior mediastinum between the aorta and the 
esophagus. It travels posterior to the arch of the aorta 
to ultimately drain the lymphatic fluid into the venous 
system at the left subclavian vein near its junction with 
the left internal jugular vein.

Lymphatic vessels emanating from the rectum and 
anal canal run in two main directions. The upper part 
of the anal canal is drained cranially via various inter-
mediary nodes to the preaortic lumbar lymph nodes, which 
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sacrum. From the area of the rectal ampulla and above, 
lymphatics run directly to the sacral nodes, and from 
the lateral parts of the inferior region of the rectum, 
lymphatics extend to the pararectal nodes. Lymph flows 
through vessels alongside the three rectal arteries in a 
superior direction to the internal iliac lymph nodes and 
thence via the common iliac nodes to the preaortic and 
lumbar nodes. This fluid follows the normal path to 
reach the cisterna chyli, thoracic duct, and left subcla-
vian vein.
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assessed for masses, stool, decreased internal sphincter 
tone, and pain. The patient can be asked to squeeze the 
external anal sphincter to assess for tone if there are 
concerns for fecal incontinence. The prostate should be 
examined for hypertrophy or irregularities in all male 
patients. A patient with the complaint of constipation 
could be asked to try to simulate defecation to deter-
mine if the muscles do the correct action and to deter-
mine the degree of perineal descent. Failure of the 
muscles to perform correctly may indicate dyssynergia, 

physIcal examInatIon

The physical examination is essential for determining 
the cause of a patient’s chief complaint. Gastrointestinal 
examinations have three general parts, inspection, aus-
cultation, and palpation. The provider should first 
inspect the abdomen for asymmetry, protuberances, 
scarring, erythema, hernias, striae, or bruising. Inspec-
tion is best done by approaching the abdomen as four 
quadrants or nine segments, while keeping in mind each 
organ’s anatomic position in the body.

Each of the four quadrants of the abdomen should 
be auscultated with a stethoscope. Auscultation should 
always be performed before palpation to prevent dis-
ruption of the migrating motor complex of the intes-
tines. A patient is said to have normal bowel sounds if 
sounds are heard at intervals of approximately 5 to 10 
seconds. Sounds heard at intervals of less than 5 seconds 
are considered hyperactive sounds, and sounds heard at 
intervals of anything over 10 seconds are considered 
hypoactive sounds. Hyperactive bowel sounds could 
support a diagnosis of gastroenteritis, obstruction, irri-
table bowel syndrome, or bleeding. Hypoactive sounds 
could suggest obstruction, impaired motility, or perfo-
ration. It takes 3 full minutes of listening in one area to 
determine if bowel sounds are absent.

The practitioner should conclude the abdominal 
examination with percussion and palpation of all four 
quadrants. Tympanic percussion may signify the pres-
ence of gas or free air, whereas dullness to percussion 
suggests the presence of a solid mass or excess fluid or 
stool. Palpation should start in a shallow manner; a 
second pass may become deep if tolerated by the 
patient. One should try to palpate the afflicted area last. 
Specialized maneuvers can also be done to rule in a 
specific pathologic condition. For example, a positive 
Murphy sign is elicited when a practitioner palpates the 
right upper quadrant and there is a pause in respiration 
resulting from associated pain. A positive Murphy sign 
would support a diagnosis of cholecystitis.

The digital rectal examination is indicated as part of 
a full physical examination and can be a focused com-
ponent of a urologic, gynecologic, gastrointestinal, or 
neurologic complaint. This examination may reveal a 
perianal pathologic condition, rectal bleeding, rectal 
pathologic condition, or prostate problems. There are 
many possible positions in which to perform the rectal 
examination. The two most common are the dorsal 
lithotomy and the left lateral recumbent position where 
the knees are tucked toward the chest. When beginning 
the examination, take time to inspect the external anal 
area for masses, hemorrhoids, skin tags, scars, fistulae, 
or fissures. The perianal area can be scratched first with 
a gloved finger or stick end of a cotton-tipped swab to 
determine the integrity of the anal wink, which is a sign 
of neurologic integrity. Next, the provider should insert 
a properly lubricated, gloved finger into the rectum at 
which time an assessment of resting tone can take place. 
The entire circumference of the rectum should be 
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but further testing is indicated for confirmation because 
the patient may be embarrassed or feel inhibited  
during the examination and the examination may  
not be representative of true function. At the conclu-
sion of the examination, the gloved finger may be exam-
ined for blood, mucus, or abnormal stool. It is very 
important to explain each step to a patient when con-
ducting the examination and refrain from using lan-
guage that could make the patient feel uncomfortable 
or be misinterpreted.
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at hand while limiting the cost and potential side effects. 
For example, a practitioner may choose to rule out 
perforation by ordering an upright abdominal x-ray 
because it is faster to obtain, produces significantly less 
radiation, and costs less than a computed tomography 
(CT) scan. If the x-ray shows free air under the dia-
phragm, this is diagnostic. The clinician may choose to 
get a CT scan to not only document perforation but to 
locate the cause of the perforation. The benefits of 
helping the surgeon characterize the perforation may 

raDIologIc anD  
ImagIng stuDIes

Over the last century, radiologic imaging and other 
radiographic modalities have made significant advance-
ments that allow practitioners to easily visualize, diag-
nose, and treat disease.

The best approach to ordering an imaging test is to 
choose the one that best answers the clinical question 
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Good for overall look of pelvic organs, but with limited detail
Iodine-based intravenous (IV) contrast

MRI
No radiation
Not so fast (usually more than 20 minutes)
Good for characterization of lesions
Best tissue resolution (different tissues have different concentrations of hydrogen
   (water))
Not good for calcification (i.e., small renal stones)
Excellent for pelvic organs (uterus, ovaries, prostate, seminal vesicles)
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CT VS. MRI IN ABDOMINAL STUDIES

Common Diagnostic Tests Indications

Abdominal X-Ray Evaluation of bowel perforation, bowel obstruction, urinary calculi, bowel ischemia, megacolon, and most forms of intestinal obstruction.

Barium Studies 
(Single or Double Contrast Studies)

Used to diagnose IBD, strictures, obstruction, pseudoobstruction, diverticulosis, and neoplasms. 

Computed Tomography (CT) Best test for the evaluation of pancreatic, hepatic disease, staging of cancer. Useful for diverticulitis, colonic masses, and metastatic disease.  NOTE: spiral CT
uses helical movement pattern to improve resolution for conditions like colon cancer.

Computed Tomographic Angiography
(CTA)

CT Colonography  or Magnetic
Resonance Colonography (Virtual
Colonoscopy)

Can visualize disorders of the colon and is an alternative to the colonoscopy for screening for polyps and colon cancer. 

Evaluation of aortic dissection and aneurysm. Assessment of the kidneys, pancreas, and liver before and after surgery. Evaluation of hypertension secondary
to renal artery disease. May have role in therapeutic cessation of bleeding.

Defecography

Functional MRI

Magnetic Resonance Imaging (MRI)

Positron Emission Tomography (PET)
Scan

Scintigraphy

Ultrasound (Endoscopic)

Ultrasound (Traditional)

Evaluation of pelvic floor dysfunction, rectocele, and other anatomical issues that result in problems with defecation.

Can be useful in evaluating disorders of the pelvic floor.

Evaluation of the extent of Crohn disease and ulcerative colitis; infectious bowel disease and ischemic bowel disease; malignancy and metastasis of the
stomach and small and large intestines. 

Used to evaluate extent and develop treatment plans for metastatic disease.

Detection of metastatic disease, GI transit time, biliary pathology, and GERD using radiolabelled materials.

Used to visualize the alimentary canal and surrounding organs; option for staging of rectal cancer and identifying damaged or diseased mucosal tissue.

Evaluation of solid organs (liver, pancreas, spleen, gallbladder, and biliary tract). Focused Assessment with Sonography in Trauma (FAST) scan in
emergency setting to rule out trauma. Guiding paracentesis for diagnostic evaluation of ascites or guiding large volume therapeutic ascites.

be more important than limiting the expense or amount 
of radiation exposure. As an example, CT scanning may 
show a localized perforation or inflammatory changes 
associated with diverticulitis. It should also be remem-
bered that an erect posteroanterior x-ray may not be 
sensitive enough to rule out pneumoperitoneum in 
some patients presenting with upper abdominal pain 
and perforation. Cost should always be a consideration 
for all patients, especially those who do not have ade-
quate health care insurance.
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of complications with a complete examination. In the 
absence of conditions of this type, however, every rea-
sonable effort should be made to perform a complete 
examination, to keep a short scope, to avoid excessive 
looping, and to use torque steering and rotation of the 
scope to reach the cecum.

The mucosa is carefully evaluated as the instrument 
is withdrawn by viewing the display monitor. Colonos-
copists with longer mean times for withdrawal of the 
colonoscope may have higher adenoma detection rates. 
The inside of the colon can also be accessed with surgi-

colonoscopy

Colonoscopy is a procedure in which a long flexible 
tube is inserted into the rectum and colon to detect 
diseases of the large intestine. The indications for colo-
noscopy can include screening to detect colorectal neo-
plasms or diagnostic intent for the investigation of 
blood in the stool, anemia, diarrhea, and other symp-
toms. Sigmoidoscopy is a procedure in which the tube 
can be inserted for up to 60 cm from the anal verge. 
Indications for sigmoidoscopy include colorectal 
screening, preoperative evaluation prior to anorectal 
surgery, surveillance of a previously diagnosed lesion 
within the range of the sigmoidoscope, local treatment 
of disorders such as radiation proctitis, removal of 
foreign bodies, biopsies for graft-versus-host disease or 
amyloidosis, stent placement or balloon dilation, or 
hemostasis of local bleeding. The remainder of this 
section will focus on colonoscopy, although most infor-
mation will also apply to sigmoidoscopy.

The first consideration is to be sure that there is an 
applicable indication for the procedure and that the 
timing for the procedure is appropriate (e.g., colonos-
copy would not be performed on a patient in the hos-
pital with pneumonia who is noted to have iron 
deficiency anemia without clinical compromise). The 
examiner should have adequate knowledge of the 
anatomy of the colon and the capabilities of the instru-
ment and should be prepared to perform diagnostic and 
therapeutic procedures such as biopsy, control of bleed-
ing, and polyp removal.

Although the number of colonoscopies required for 
competence in performing the procedure is variable 
between trainees, it has been suggested that 500 colo-
noscopies are likely required to ensure (>90%) a com-
pletion rate, but new competency-based assessments 
are being implemented.

Bowel cleansing in advance of a colonoscopy is 
required in most cases.

Sedation is indicated in most patients undergoing 
colonoscopy but may not be needed for sigmoidoscopy. 
Sedation can be accomplished with intravenous admin-
istration of either a short-acting hypnotic/amnestic 
agent such as propofol or with an opiate and benzodi-
azepine. The procedure can be carried out in the hos-
pital or an outpatient endoscopy suite while the patient 
is placed in the left lateral position with knees bent and 
pulled up. Digital rectal examination preceding the 
introduction of a colonoscope is obligatory to rule out 
any impediment to the free passage of the instrument 
and to inspect the anal area for any lesions or defects.

The tip of the well-lubricated colonoscope (a long, 
flexible, narrow tube with a light and a tiny camera on 
one end) is inserted with steady pressure into the anal 
ring and slowly passed forward through the sphincters 
in the colon. The colonoscope is then advanced, always 
with the lumen in view to the cecum. A minimal puff 
of air from the insufflation bag will help to open the 
opposed folds if needed.

The scope enables the endoscopist to irrigate and 
suction the unwanted debris for better visualization.

Complete colonoscopy requires the visualization of 
the cecum. This is documented by taking pictures from 
the appendiceal orifice and the ileocecal valve. The 
diagnostic value of intubating the ileum during colo-
noscopy will need to consider the indication for the 
procedure.

Not every patient requires a complete examination 
of the colon. For example, in acute severe ulcerative 
colitis, the endoscopist may only need to evaluate the 
distal part of the colon and rectum due to a higher risk 
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cal instruments, which help with diagnostic and thera-
peutic interventions.

The examiner should not ignore anything that is 
encountered on the way in; if a constricting lesion is 
encountered, the examiner should not insist on advanc-
ing beyond it.

Like many other procedures, colonoscopy is not 
without risk, but mastering the required techniques will 
minimize the risk. The recognition and evaluation of 
pathologic conditions depend on a thorough acquain-
tance with the range of normal variation.
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ANTICOAGULATION AND BIOPSY

There is a debate in the literature about stopping anti-
coagulation agents (e.g., coumadin, heparin, and direct 
factor Xa inhibitors) and antiplatelet agents (e.g., aspirin 
and clopidogrel) when performing tissue sampling to 
reduce the risk of procedural bleeding. Stopping these 
medications comes with the adherent risk of an adverse 
outcome from a thromboembolic event. The overall risk 
of bleeding for a cold biopsy is less than a 1%; the risk is 
higher with polypectomy and the use of hot forceps or a 
snare. The American Society for Gastrointestinal Endos-
copy has created guidelines as to when these medications 
should be stopped based on both the risk associated with 
each procedure and the risk of an adverse event associ-
ated with each condition. Patients undergoing low-risk 
procedures should continue anticoagulation therapy and 

BIopsy anD cytologIc stuDIes

Pathologic specimens obtained through biopsy or cyto-
logic studies provide critical information pertaining to 
a patient’s illness. The following sections will discuss 
both biopsy and cytologic examination for the colon 
and rectum in greater detail.

BIOPSY

Endoscopic biopsy is the most common technique used 
for tissue sampling of the colon and rectum. Biopsies 
are done using forceps with two cups varying in shape, 
size, and serration which allow for a single grasp of 
tissue. Most forceps come with a needle-spike apparatus 
that acts as both a grip and an anchor for sampling. 
Endoscopic forceps are considered hot forceps when 
they can cauterize tissue and are generally used to either 
stop internal bleeding or for a polypectomy. Most pro-
cedures use cold forceps, or those that cannot cauterize 
tissue. Practitioners also have the choice to use either 
single-use or reusable forceps. Although using single-
use forceps guarantees less sample contamination, reus-
able forceps are much more cost-effective and are 
sanitary if cleaned properly.

Biopsies are best used to confirm a diagnosis and 
dictate future therapy. For example, in patients sus-
pected of having Hirschsprung disease, a rectal biopsy 
can confirm the diagnosis before surgery is considered. 
How the biopsy is performed can vary considerably, as 
is seen with biopsy for ulcers, where the pathologist 
requires samples from the edge and the base to rule out 
different causes. Endoscopic biopsy is associated with a 
minimal risk of bleeding and perforation; however, 
biopsy is contraindicated when patients already are at 
high risk for bleeding or for colonic perforation. The 
following is a list of conditions that frequently warrant 
biopsy:

• Chronic diarrhea: To make the diagnosis of 
microscopic colitis (e.g., collagenous or lympho-
cytic colitis) and amyloidosis

• Inflammatory bowel disease: Diagnosis and 
evaluation of Crohn disease and ulcerative colitis; 
screening for colon cancer

• Polyps and colon cancer: For initial diagnosis; 
follow-up for full removal of cancer

• Infectious colitis: Common causes being E. coli 
O157:H7, salmonella, shigella, campylobacter, and 
Clostridium difficile

• Other conditions: To confirm the diagnosis of 
Hirschsprung disease, anal cancers, lipomas, 
Peutz-Jeghers syndrome, Behçet disease, and any 
unexplained abnormalities of colonic tissue

CYTOLOGIC STUDIES

Cytologic study is an alternative method to biopsy that 
can characterize infections and colonic growths, such as 
adenoma progressing to adenocarcinoma. As the name 
implies, in brush cytologic study, a flexible brush is rubbed 
across the area of interest in the colon. The act of 
brushing removes cells from the area that can later be 
studied with the use of a microscope. Although this 
technique has limited use for most diseases of the colon, 
brush cytologic study has been shown to be as accurate 
as endoscopic biopsy in diagnosing colorectal cancer 
and it provides the best diagnostic yield when paired 
with biopsy results. Anorectal cytologic study is consid-
ered the diagnostic gold standard when screening for 
anal cancer.
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undergo the procedure as long as their international 
normalized ratio (INR) is therapeutic. Patients undergo-
ing high-risk procedures should stop their anticoagula-
tion medication 3 to 5 days before the procedure and 
restart it within 24 hours after the procedure or at the 
time judged best by the practitioner. Those with condi-
tions that have a high risk of thromboembolic events 
should be started on heparin until a few hours before the 
procedure begins, whereas those with low-risk condi-
tions do not need a heparin bridge. Conditions consid-
ered to have a high risk for thromboembolism are atrial 
fibrillation with a history of cerebrovascular accident or 
embolism with a mechanical valve, mechanical mitral 
valve, mechanical valves with a previous thromboem-
bolic event, acute coronary syndrome, placement of a 
stent within the last year, and percutaneous intervention 
with no stent after a myocardial infarction.
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tract or perineum in the male, or between the rectum 
and the vagina or perineum in the female. In the male, 
the fistula may enter the bladder (rectovesical) or the 
prostatic or bulbar urethra (rectourethral), or may 
emerge in the skin of the scrotum or perineum (recto-
perineal). Rectourethral fistular tracts are the most 
common in males, followed by rectoperineal fistulas. In 
the female, the fistula may open into the vagina (recto-
vaginal), the vestibule (rectovestibular), the posterior 

congenItal IntestInal 
oBstructIon: anorectal 
malformatIons

Normally, by the eighth week of embryonic life, the 
cloacal membrane, which separates the rectum and the 
anal invagination, is absorbed, so that the anus and 
rectum become one continuous canal. When this mem-
brane fails to disintegrate, there is no opening where 
the anus should be, resulting in a condition known as 
imperforate anus. This is one of the most common con-
genital anomalies encountered in neonates (1 : 5000 live 
births) and is slightly more prevalent in males. Several 
variants of this condition have been observed. Tradi-
tionally, these defects have been classified as low, inter-
mediate, or high based on anatomic criteria, including 
the position of the blind rectal pouch relative to the 
levator ani muscle complex and pelvic bony landmarks. 
Imperforate anus without fistula is rare (only 5% of 
anorectal malformations), and of those, 95% occur in 
association with Down syndrome. Rarely, the anal canal 
develops normally, but there is total atresia of the 
rectum. It is important to recognize the nature of  
the malformation because of the different surgical 
approaches used in the repair of these anomalies (see 
Plate 3-26).

Anorectal malformations are frequently accompanied 
by incomplete separation of the rectum and the uro-
genital sinus, so that most infants with an imperforate 
anus have a fistula between the rectum and the urinary 
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fourchette, or the perineum (rectoperineal). Rectoves-
tibular fistulas are most common in females, followed 
by cutaneous rectoperineal fistulas. The next most 
common defect in females is that of persistent cloaca, 
in which there is a single opening formed by fusion of 
the rectum, vagina, and urethra.

Imperforate anus is usually diagnosed by careful 
inspection or discovered upon attempting to insert a 
rectal thermometer. If no meconium is seen within 24 
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the origin and level of the fistulous connection. Alter-
natively, it may also be possible to outline the fistula by 
introducing contrast dye into the bladder (cystourethrog-
raphy). Newer radiologic techniques using MRI even in the 
fetal stage can be used to make the diagnosis.

If no clinical signs indicating the location of the 
anomaly become evident by 24 hours, the distance 
between a blind rectal pouch and the anal dimple can 
be assessed radiologically using anatomic criteria. Air 
taken into the gastrointestinal tract and passed along by 
peristalsis toward the rectum during the first 24 hours 

hours, patency of the anus should be assessed to rule 
out the rare atresia of the rectal canal in the presence 
of a fully formed anus. When meconium is present, its 
source should be carefully identified. The presence of 
a perineal fistula associated with a low anorectal mal-
formation is sometimes missed when meconium has 
passed through the fistula rather than the anus. Inspec-
tion of the perineum also should be carried out to look 
for the presence of a rectoperineal fistula. A rectoves-
tibular fistula is manifested as a third opening within 
the vestibule in addition to a normal urethral meatus 
and vagina. The presence of only a single perineal 
opening indicates a persistent cloaca. Other diagnostic 
signs depend on the size and location of the fistula. 
Meconium may appear at the urethral meatus, or flecks 
of it may be found in the urine on microscopic examina-
tion, but this typically takes 24 hours to occur. Air in 
the bladder, a rare demonstration by x-ray, indicates a 
communication between the intestinal and urinary 
tracts. If a fistulous opening is present in the perineum, 
introduction of contrast dye (fistulography) may reveal 

Plate	3-25	
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is visualized upon x-ray with the infant in an inverted 
position so that the air bubble reaches the lower limit 
of the rectal pouch. Its location relative to a radiopaque 
marker placed at the location of the anal dimple and 
relative to bony markers such as the pubococcygeal line 
and the ischial line are used to determine the distance 
between the rectal pouch and the anal dimple. This 
allows anorectal malformations to be broadly classified 
by location of the rectal pouch as high (supralevator), 
intermediate (partially translevator), or low (fully 
translevator).

congenItal IntestInal 
oBstructIon: anorectal 
malformatIons (Continued)
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used throughout the procedure to identify muscle 
layers, including the sphincter complex, which is usually 
poorly formed in these patients, and the levator ani. 
The posterior approach allows the hindgut to be safely 
accessed and the fistula to be dissected from associated 
structures of the urinary tract or vagina, for example. A 
sufficiently mobilized length of rectum is positioned 
within the sphincteric muscles, which are reconstructed 
and sutured to the rectum. Certain lesions, such as 
rectovesicular and rectoprostatic malformations, are so 

congenItal IntestInal 
oBstructIon: management of 
anorectal malformatIons

The goal of surgery to repair anorectal malformations 
has evolved from a primarily life-saving procedure to 
one that allows for as much preservation of gastrointes-
tinal, urinary, and sexual function as possible. This is 
critical to allow affected children to have normal social 
interactions and to develop into healthy adults.

In the simplest case, an imperforate anus in which 
meconium can be seen behind a thin membrane over a 
properly located anus seldom needs major surgical 
management. Perforation of the membrane with a 
blunt instrument is simple, safe, and completely effec-
tive. For boys and girls with a low anorectal malforma-
tion, a definitive surgical repair can be undertaken using 
a perineal approach. The external sphincter is located 
using an electrical muscle stimulator. With the patient 
in the lithotomy position, any perineal fistula is dis-
sected toward the rectum. A longitudinal incision in the 
perineum provides the best and safest exposure. Dissec-
tion in the operative area is kept close to the midline to 
avoid damaging the nerve and blood supply. The fibers 
of the external sphincter muscle appear as a rough 
horseshoe with the apex pointing posteriorly. The blind 
pouch of the rectum appears as a blue bulbous mass 
because it is filled with meconium. For the purpose of 
traction, the most distal portion of the rectal pouch is 
grasped (with a hemostat or silk sutures). Dissection is 
continued, keeping as close as possible to the bowel and 
avoiding disruption of adjacent structures, until suffi-
cient length of colon has been mobilized to permit the 
apex of the pouch to be brought to the skin edge 
without tension. The pouch is opened and evacuated of 
meconium. A row of simple sutures approximates the 
full thickness of the open bowel with the skin of the 
opened anal dimple. The remaining anterior portion of 
the perineal incision is closed in layers.

In the case of intermediate and high anorectal mal-
formations, the distance of the hindgut from the anus 
and the nature and location of a potential fistula may 
not be clear, necessitating additional anatomic studies. 
Because exploratory surgery from the perineum without 
knowledge of the anatomy carries the risk of iatrogenic 
injury, in such cases a decision may be made to create 
a divided stoma near the junction of the descending and 
sigmoid colon. The divided colostomy allows the 
passage of stool and is sufficiently proximal to allow 
further elucidation of the anatomy without impeding a 
subsequent surgical correction. Introduction of contrast 
dye through the mucous fistula with sufficient pressure 
can be used to delineate the location of a urinary fistula. 
Once the anatomy of the defect is fully appreciated, 
surgical repair can be undertaken.

The current standard for surgical reconstruction in 
these cases is posterior sagittal anorectoplasty, devel-
oped by Pena and colleagues. In this procedure, the 
patient is placed in a prone position with the pelvis 
elevated. A midline sagittal incision is made from the 
sacrum to the location of the anal dimple, and the 
underlying muscle is divided. Muscle stimulation is 

Plate	3-26	
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high in the pelvis that they cannot safely be reached by 
posterior sagittal anorectoplasty alone. These cases may 
require a concurrent laparoscopy or even laparotomy 
for successful division of the fistular connection and 
repositioning of the rectum. For maintenance and vol-
untary control of fecal continence, both afferent and 
efferent nerves must be carefully preserved. Despite 
these precautions, a significant percentage of patients 
with high anorectal malformations suffer from an 
increased incidence of fecal incontinence.
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clinical signs and symptoms are expected, the typical 
situations are readily categorized. The child with 
chronic functional constipation usually appears healthy 
and is reaching growth milestones, whereas the child 
with HD is more likely to be chronically ill, have a 
protuberant abdomen, and exhibit signs of malnutrition 
in growth and development. Children with HD often 
have a history of delayed passage of meconium (> 36 
hours) after birth. Frequently, the history includes a 

congenItal IntestInal 
oBstructIon:  
hIrschsprung DIsease

Megacolon is a descriptive term that has come to be used 
for a number of clinical entities in which the colon is 
dilated, hypertrophied, or redundant. It can be either a 
congenital or an acquired disorder. Hirschsprung 
disease (HD) is a congenital disorder caused by the 
absence of ganglion cells in the myenteric and submu-
cosal plexuses of the colon. This disorder, with an inci-
dence of 1 : 5000 live births, is more prevalent in boys. 
HD, which is sometimes called aganglionic megacolon, 
results from the failure of neural crest cells to reach 
their normal destination and differentiate into the gan-
glion cells of the enteric nervous system. This local 
neural circuitry plays a key role in regulating intestinal 
motility. In the absence of ganglion cells, the affected 
region of the colon becomes spastic, resulting in a pseu-
doobstruction that causes extreme dilatation of the 
colonic segment immediately proximal to the agangli-
onic region. The length of the affected segment can 
vary, but it always terminates at the dentate line of the 
rectum, allowing for minimally invasive biopsies to be 
performed.

Diagnoses of HD are usually made in the neonatal 
period (>80%) in a child presenting with bilious emesis, 
abdominal distention, and a failure to pass meconium 
during the first 48 hours. In older children, constipation 
is the symptom that drives the parent to seek medical 
advice. Severe functional constipation brings far more 
children to medical attention than does HD, and the 
differential diagnosis requires discrimination between 
these two conditions. Although great variations in 

Plate	3-27	

TYPICAL DISTENTION AND HYPERTROPHY

Tremendous distention and
hypertrophy of sigmoid and
descending colon; moderate
involvement of transverse
colon; distal constricted
segment

Typical
abdominal
distention

Barium enema; characteristic distal constricted 
segment

statement that the child has “never had a normal bowel 
movement.” Enemas, laxatives, and other therapies are 
not effective. Occasionally, “diarrhea” has been noted, 
which is better described as liquid bowel content 
seeping around a fecal impaction. Unlike functional 
constipation, HD is never associated with passage of 
very large caliber stools.

On physical examination, the functionally consti-
pated child has a relatively normal abdomen, in which 
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Anorectal manometry can be performed; in HD, 
there will be an absence of the rectoanal inhibitory 
reflex. This reflex normally represents relaxation of the 
internal anal sphincter with air insufflation. Biopsy is 
diagnostic, and in contrast to the historical approach 
shown in Plate 3-28, should be performed at least 
1.5 cm above the dentate line because the normal distal 
rectum may lack ganglion cells. This minimally invasive 
procedure can be performed without anesthesia because 

firm fecal masses may be felt in the sigmoid colon. On 
rectal examination, the sphincter may be normal or 
loose, and feces are encountered at the sphincter or, if 
the bowel has recently been evacuated, the rectal 
ampulla may seem to have a large capacity. The child 
with HD, on the other hand, has a large abdomen, and 
its musculature is somewhat lacking in tone. Tremen-
dous fecal impaction of the bowel is palpable. Rectal 
examination reveals a tight sphincter; the rectal canal is 
often empty and of normal caliber, and if feces can be 
felt at all, they are encountered more typically high up 
at the point of junction between the rectosigmoid and 
the rectal ampulla.

On the basis of the history, signs, and symptoms, the 
diagnostician can distinguish most HD from chronic 
constipation. Plain x-ray and barium enema may be 
helpful. Contrast enema examinations will be normal in 
the first 3 months of life and can be normal in appear-
ance with total colonic disease. In HD, the barium 
enters a colon of normal caliber and flows a short or 
long distance to a point where a sudden transition to an 
enlarged colon occurs. This transition is abrupt and 
may occur at any point in the large bowel. In the typical 
case, the aganglionic segment is distal and does not 
extend proximal to the splenic flexure. On attempted 
evacuation in the patient with HD, most of the barium 
remains behind, and the transition is prominent because 
peristalsis is normal to that point but absent distal to it.

Plate	3-28	
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of the absence of somatic innervation in this region. 
The diagnosis of HD is confirmed by the absence of 
ganglion cells, the presence of thickened nerve fibers, 
and increased cholinesterase staining.

The only current treatment that alleviates the clinical 
syndrome of HD is surgery. There are several surgical 
approaches described in the literature. Recently, there 
has been a trend toward performing a single-stage sur-
gical repair in the neonatal period without the need for 

congenItal IntestInal 
oBstructIon:  
hIrschsprung DIsease 
(Continued)
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These include fecal incontinence, constipation, and 
susceptibility to enterocolitis. As an alternative approach 
to surgery, there are a number of studies underway 
examining the ability of stem cells to reconstitute the 
enteric nervous system in an aganglionic segment of the 
colon. Sources of cells for transplant being studied 
include pluripotent stem cells derived from the CNS, 

a colostomy. There are now three variations of this 
basic surgical procedure. In the original Swenson pro-
cedure, the bowel is dissected to the distended portion, 
and biopsies are examined by frozen section to identify 
ganglionic colon proximal to the transitional zone. The 
aganglionic segment is then pulled through, and healthy 
colon is anastomosed above the dentate line, after 
which the aganglionic segment is resected. In the Soave 
procedure, dissection is done in the plane between the 
submucosa and muscularis layers of the colon, leaving 
a cuff of muscle around the pull-through segment. The 
muscular cuff is transected to prevent spastic contrac-
tion. Lastly, in the Duhamel procedure, the ganglionic 
segment is dropped down and anastomosed posterior 
to the aganglionic native rectum, creating a pouchlike 
structure. There remains controversy about the merits 
of each of these procedures. Proponents of the latter 
procedures believe that they are more likely to preserve 
sacral outflow and sphincter function, thereby prevent-
ing incontinence. Advocates of the Swenson procedure 
counter that there is little risk of iatrogenic injury if the 
plane of dissection is kept close to the rectum. Depend-
ing on the preference and experience of the surgeon, 
these procedures can either be performed with laparo-
scopic assistance or entirely via a transanal approach.

Although surgical repair of HD has markedly 
improved in recent years, there is still significant mor-
bidity in these patients, depending on the length of the 
aganglionic segment and the surgical repair technique. 

Plate	3-29	
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neural crest, or enteric nervous system. Following 
transplantation, it has been demonstrated that stem 
cells can survive, proliferate, and differentiate into 
enteric neurons. Although considerable obstacles 
remain, these studies provide hope for the eventual 
development of stem cell therapies as a nonsurgical 
alternative in the treatment of HD.

congenItal IntestInal 
oBstructIon:  
hIrschsprung DIsease 
(Continued)
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body. Because the wall lacks a muscular layer,  
diverticula are actually “pseudodiverticula”; they are 
unable to expel any fecal material that enters them,  
and the material tends to harden within the sacs into 
firm concretions. The mucosa of the diverticulum may 
become ulcerated or devascularized by the hard  
fecalith, and organisms may enter the tissues and cause 
infection, which leads to the various forms of 
diverticulitis.

DIvertIculosIs of colon

Diverticulosis of the colon is an acquired condition that 
results from herniation of the mucosa through defects 
in the muscle coats. The defects are usually located at 
sites where the blood vessels pierce the muscular wall 
to gain access to the submucous plane. These vessels, 
the long circular arteries, enter at a very constant position 
just on the mesenteric side of the two lateral taeniae coli, so 
diverticula commonly occur in two parallel rows along 
the bowel. The appendices epiploicae are also situated in 
this part of the circumference; thus diverticula fre-
quently enter the base of the appendices epiploicae.

Diverticula are thought to arise from weak areas in 
the wall of the colon and a differential in pressure 
between the lumen and the serosa. Localized areas of 
high pressure may be susceptible to their formation. A 
defect in cholinergic innervation may contribute as 
well. Obesity and constipation may be aggravating 
factors but are not the primary causes.

Diverticula do not occur in the rectum but may be 
found throughout the whole length of the colon. They are, 
however, much more common on the left side and most 
frequently affect the sigmoid colon. Diverticulosis is 
rare before age 40 years, but its incidence increases with 
age, and it occurs in about 10% of persons of middle 
age, being more common in males. After age 40 years, 
diverticula become more prevalent in females.

Diverticula of the colon are flask shaped, with  
a narrow neck through the muscle wall and a wider 
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The diagnosis of diverticulosis is commonly made by 
colonoscopy but may be demonstrated on CT scan or 
contrast study. Contrast studies are most useful in cases 
without active inflammation to identify the distribution 
of diverticula and resolution of inflammation. Clini-
cally, diverticulosis is a symptomless condition, with 
symptoms arising in about 10% to 20% of cases. No 
active treatment is usually recommended for the patient 
with incidentally discovered diverticulosis.
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internal or external fistulae. The most common is the 
formation of a vesicocolic fistula, which gives rise to per-
sistent infection of the urinary tract; it rarely occurs in 
women, owing to the interposition of the uterus.

Clinically, acute diverticulitis presents with pyrexia 
and pain in the left lower quadrant of the abdomen, and 
examination will reveal a tender mass in that area, the 
lower edge of which may also be palpable per rectum. 
Patients with chronic diverticulitis usually complain  
of dull or recurrent pain in the same region, often 

DIvertIculItIs

Inflammation in and around the diverticula occurs in 
only a small percentage of patients with diverticulosis. 
The manner in which infection may arise has been 
discussed on Plate 3-30. Once infection occurs around 
one or more diverticula, the subsequent course varies 
according to the virulence of the organism and the 
resistance of the patient. Acute inflammation, in which 
all structures of the intestinal wall participate, may 
follow and terminate in perforation, leading to general 
peritonitis; more commonly, a localized abscess forms, 
sealed off by the abdominal wall, omentum, and other 
viscera. A more usual course is that of a low-grade 
inflammatory process (peridiverticulitis), which leads to 
the formation of fibrofatty tissue around the affected part 
of the bowel, resulting in narrowing of its lumen, short-
ening of the loop, and adherence of the loop to nearby 
structures. This thickening may extend over several 
inches of bowel, giving rise to a firm, tender mass along 
the line of the colon. Within this thickened tissue, 
infection persists, and recurrent activity of inflamma-
tion may lead to the further extension of small abscesses, 
which may open into the organs walling off the  
infection. In this way, fistulae may form on the anterior 
abdominal wall, or in the bladder, small bowel, or female 
pelvic organs.

The complications that may follow diverticulitis are, 
therefore, obstruction of the colon, more usually partial 
and chronic than complete; free perforation and general 
peritonitis; abscess formation; and the occurrence of 
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associated with some alteration of bowel habits, a sense 
of distention, and dyspepsia. Bleeding is unusual but is 
said to occur in about 10% of patients. Examination 
may reveal some tender enlargement of the sigmoid 
colon, and sigmoidoscopy may show rigidity and edema 
of the bowel above the rectosigmoid junction. Should 
a vesicocolic fistula form, the classic symptom is pneu-
maturia, often associated with pain on micturition and 
with frequency of urination. An enterocolic fistula may 
give rise to severe diarrhea.
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Clinically, the onset of the symptoms and signs of a 
sigmoid volvulus is usually sudden, with lower abdomi-
nal pain; constipation is absolute, but sometimes tenes-
mus with passage of a little mucus may occur. Vomiting 
is unusual. The general condition is commonly well 
maintained unless infarction and gangrene of the loop 
have started, in which case blood and fluid loss soon 
lead to shock. Distention occurs early, progresses 
rapidly, and is always a dominant part of the clinical 
picture; within a few hours it may be extreme, and  

Plate	3-32	
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Primary volvulus of the colon occurs only in the sigmoid 
colon and in the cecum, because the other parts of the 
large bowel are well fixed to the posterior abdominal 
wall. Volvulus is a comparatively rare form of intestinal 
obstruction in the Western world, usually occurring in 
elderly or institutionalized patients, commonly with 
neuropsychiatric disorders. It is more common in 
Eastern Europe and Asia, and it is probable that the 
difference in incidence is due mainly to different dietary 
habits. A bulky vegetable diet is more common in less-
developed and poorer parts of the world, and this diet 
results in a bigger fecal residue, which leads to a per-
sistently loaded colon. In time, the loaded sigmoid colon 
may become chronically distended and elongated, and, 
as it elongates, its two ends tend to approximate, resulting 
in a narrower mesenteric attachment. Some fibrosis 
often occurs in the base of the mesosigmoid, accentuat-
ing the narrow base. These are the essential predisposing 
features of a volvulus, and, once they exist, the actual 
precipitating cause is often trivial, such as straining or 
coughing.

In its early stages a volvulus produces a “check-valve” 
effect, allowing flatus and some fluid feces to enter the 
loop but not allowing them to leave it. In this way, great 
and rapid distention is produced. If the twist becomes 
tighter, a complete “closed-loop” obstruction develops, 
and pressure on the vessels in the mesentery may lead 
to impairment of blood supply and gangrene of the bowel.
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possible, the bowel should be untwisted. If the bowel is 
viable after untwisting, and if the patient’s condition 
permits, it is advisable to try to fix the cecum in its 
correct position with a few carefully placed sutures; the 
recurrence rate is 30% to 40%, and this procedure may 
be technically difficult to perform because the cecal wall 
has become thinned out as a result of distention. If the 
bowel is not viable or viability is doubtful, performing 

volvulus of cecum

Volvulus of the cecum is an infrequent condition in the 
Western part of the world, accounting for only about 
1% of the cases of intestinal obstruction. Like volvulus 
of the sigmoid colon, it appears to be more common in 
those parts of the world in which vegetables and rough-
age form a greater part of the diet, and it is thought 
that persistent loading of the bowel with a big fecal 
residue may also play a part in causing this condition. 
Cecal volvulus is also seen more commonly in patients 
with a history of chronic constipation, use of cathartics, 
pregnancy, or prior surgery. This problem occurs more 
commonly in females but can occur in any age group, 
with a mean age of presentation in the fourth decade.

The predisposing factor is inadequate fixation of the 
cecum and ascending colon to the posterior abdominal 
wall. Normally, in the third stage of intestinal rotation, 
the cecum descends from the subhepatic region to lie 
in the right iliac fossa, and the ascending colon and 
most of the cecum become fixed to the posterior 
abdominal wall. If this last process is not fully com-
pleted, the cecum, a few inches of ascending colon, and 
a few inches of terminal ileum may be attached by a 
mesentery with a relatively short base and may then be 
free to rotate around this axis. Should a twist occur, all 
these parts of the intestine are involved, and the condi-
tion should really be called volvulus of the ileocecal 
segment.

As in volvulus of the sigmoid, the twist may not be 
tight at first and may untwist spontaneously. At this 
stage, the check-valve effect will tend to lead to rapid 
distention of the cecum. If the twist becomes tighter, 
complete closed-loop obstruction is produced, and, 
finally, strangulation of the vessels will result in gan-
grene of the bowel, which is likely to occur more rapidly 
with a volvulus of the cecum than with that of the 
sigmoid.

The onset is sudden, with severe central abdominal 
pain, and vomiting soon follows. The pain is constant, 
but intermittent “griping” pains also occur. Examina-
tion reveals some general abdominal distention as a 
result of an obstruction in the lower part of the small 
intestine, and in most cases the distended cecum may 
be distinguished as a palpable tympanitic swelling in the 
central part of the abdomen. On palpation a feeling of 
emptiness in the right iliac fossa may be encountered. 
The most valuable aid to diagnosis is the plain x-ray 
film. If the x-ray study has been made with the patient 
in an erect position, the greatly distended kidney bean–
shaped area, with perhaps a fluid level within it, is very 
conspicuous; distention of loops of ileum above the 
point of obstruction may also be recognizable. CT scan 
may show a whorl of the mesentery as in sigmoid vol-
vulus. In the case of cecal volvulus, contrast enema can 
be performed to rule out a distal obstructing lesion, but 
is contraindicated for reduction.

Nonoperative management of cecal volvulus is much 
less successful than sigmoid volvulus. Less than 30% of 
patients have successful colonoscopic decompression. 
There should also be concern about insufflating gas 
into the obstructed segment, which may cause the isch-
emia to worsen. As soon as the diagnosis of cecal vol-
vulus is made, a laparotomy is typically indicated. If 
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immediate resection and anastomosis is the wiser 
course.

Cases of partial volvulus with spontaneous untwisting 
occur, giving rise to recurrent attacks of lower abdomi-
nal pain. In such instances, the diagnosis may be diffi-
cult, but the cause of the repeated attacks usually 
becomes apparent if laparotomy is undertaken; fixation 
of the cecum will prevent further attacks.
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partial bowel obstruction, often with recurrent attacks. 
Barium enema may show a lesion, but CT scan is  
the most accurate method of diagnosis. The classic 
target sign or sausagelike mass is characteristically  
seen. Surgical resection is necessary given the concern 
for a malignant tumor acting as the lead point.  
Primary anastomosis is typically feasible with minimal 
complications. Resection is typically performed in those 
patients who have a spontaneous reduction of their 

IntussusceptIon

Intussusception is, by definition, the invagination of a 
portion of the intestine into the contiguous distal 
segment of the enteric tube. Much has been speculated 
about the cause of this condition. The fact that intus-
susception occurs more frequently at 4 to 10 months of 
age suggests that the change from a pure milk diet to a 
more solid one plays a role by altering intestinal peri-
stalsis in such a way that the intussusception is initiated. 
Acute enteritis, allergic reactions, and intestinal 
spasms—in short, any condition with hypermotility—
may result in an invagination. In older individuals it 
may be a polyp, an enlarged Peyer patch, or a diverticu-
lum of Meckel that may mark the site at which the  
wall of the proximal segment turns and intrudes into  
its neighboring distal part. Whatever the etiologic 
factor may be, it remains undiscovered in more than 
90% of cases.

Intussusceptions are classified according to the part 
of the digestive tube that telescopes, the intussuscep-
tum, into the intussuscipiens, that is, the receiving part. 
Thus, one may encounter an ileoileal invagination, jeju-
noileal invagination, and so on. The most frequent of 
them is the ileocolic (ileocecal) intussusception. A kind of 
double invagination or an intussusception within an 
intussusception (e.g., ileoileocolic intussusception) may also 
occur. How far the intussusceptum enters the intus-
suscipiens depends upon the length and motility of its 
mesentery, which, furthermore, is easily compressed 
and then causes the development of edema, peritoneal 
exudation, vascular strangulation, and, finally, intestinal 
gangrene.

The clinical manifestations of the disease are almost 
always alarming and usually begin rather suddenly in 
children who are generally normal, well developed, and 
well nourished. Colicky abdominal pains recur, as a 
rule, at intervals of 15 to 20 minutes and are accompa-
nied by signs of acute shock, the child becoming 
extremely pallid. During the intervals, the patient 
seems to recover, relaxes, and behaves as if nothing had 
happened. In about 85% of cases, a movable mass may 
be palpated in the abdomen, which can always be con-
firmed by rectal examination. In the more advanced 
stage of the disease, bloody stools are found, the sudden 
appearance of which may be considered pathogno-
monic. In children, diagnosis can be made with air 
contrast enema, which can also be therapeutic. No 
further intervention is required if the condition resolves.

In adults, the presentation is variable, and the classic 
signs seen in children of bloody diarrhea, mass, and pain 
are not seen. Many will present with symptoms of a 
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intussusception preoperatively. Intraoperative reduc-
tion may facilitate a limited resection, particularly when 
the lesion is known to be benign preoperatively.

In general, the prognosis of this disease is favorable. 
The mortality rates after laparotomy and resection have 
decreased significantly in recent decades and will 
improve further with the ability to arrive at an early 
diagnosis and with increasing knowledge of supportive 
therapy.
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CHRONIC APPENDICITIS

Patients with chronic appendicitis have prolonged (> 7 
days) symptoms. The white blood cell count is usually 
normal. Appendectomy resolves the pain in most 
patients.

APPENDICEAL NEOPLASMS

The incidence of appendiceal tumors in appendectomy 
specimens is approximately 1%. The most common 
tumors include carcinoid tumors, cystic neoplasms, and 
adenocarcinoma, but rarely, nonepithelial tumors 
(neuroma, lipoma, leiomyoma, lymphoma, and others) 
can be seen in the appendix.

Carcinoid Tumor
Carcinoid tumors, which are neuroendocrine tumors, 
are the most common appendiceal tumors. Some 
secrete serotonin or other vasoactive substances, which 

DIseases of appenDIx

ACUTE APPENDICITIS

Acute appendicitis is a common surgical emergency and 
a frequent cause of an acute abdomen.

The vermiform appendix is located near the ileocecal 
valve and at the base of the cecum. Although the base 
of the appendix is always attached to the cecum, its tip 
may migrate to different positions. These variations can 
complicate the clinical presentation of appendicitis with 
regard to pain location.

Acute appendicitis starts with inflammation of the 
lining of the vermiform appendix and can progress with 
inflammation of the submucosa and the other layers. 
The appendix appears thickened and enlarged, and the 
lumen is filled with mucopurulent material. Abscess 
formation and perforation with peritonitis may follow.

The incidence is highest in the second and third 
decades of life. It is also higher in men than women.

Infection and obstruction are the most important 
exciting factors. Obstruction of the appendiceal lumen 
has been proposed as the initial step in the pathogenesis 
of appendicitis. This can increase the intraluminal pres-
sure, with subsequent occlusion of the small vessels, 
leading to ischemia and necrosis of the appendix. 
Inflammation, followed by ischemia, perforation with 
subsequent development of an abscess, or generalized 
peritonitis, may follow.

The classic presentation consists of anorexia, perium-
bilical abdominal pain that subsequently migrates to the 
right lower quadrant (pain location may vary), nausea, 
and vomiting. A change in bowel habits can be seen in 
some patients. Loss of appetite is considered one of the 
classic presentations. Fever, abdominal tenderness, 
rebound tenderness; guarding, and rigidity are some of 
the physical examination findings.

Although there is no specific laboratory test for 
appendicitis, the following can help confirm the diag-
nosis or exclude other possible diagnoses: complete 
blood count, C-reactive protein, urinalysis (to differen-
tiate from urinary tract infection), and liver and pan-
creas chemistry tests. In women of child-bearing age, a 
pregnancy test should be considered, with recognition 
that acute appendicitis is one of the most common 
surgical emergencies in pregnancy.

Imaging studies play a major role in the diagnosis of 
acute appendicitis. Ultrasonography is a safe imaging 
modality to confirm the diagnosis of appendicitis. A 
healthy appendix cannot usually be seen with ultra-
sound, and an appendiceal diameter of more than 6 mm 
is an accurate finding for acute appendicitis. If ultra-
sound imaging is negative or inconclusive, a CT scan is 
usually obtained. CT scanning is the most important 
imaging test in the evaluation of patients with atypical 
presentations.

Urologic and gynecologic conditions, Crohn disease, 
acute infectious ileitis, and diverticulitis should be con-
sidered in the differential diagnosis of patients present-
ing with the symptoms of acute appendicitis.

Patients should be given nothing by mouth while 
receiving intravenous hydration. Analgesics and anti-
emetics should be administered as needed.

The only cure for appendicitis is appendectomy, 
which can be performed either by laparoscopy or open 
laparotomy, based on the surgeon’s experience, patient’s 
body habitus and age, and severity of the disease, among 
other factors. Percutaneous drainage followed by 
appendectomy in a few weeks is needed in some cases.
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can play a role in the associated clinical symptoms. 
Appendectomy is the standard treatment in most cases; 
hemicolectomy is indicated if the lesion is larger than 
2 cm or in cases of nodal involvement.

Cystic Neoplasms
Mucoceles are characterized by a mucus-filled, dis-
tended appendix and can be benign or malignant. Sur-
gical resection should be considered because of the 
possibility of harboring cystadenocarcinoma. Pseudo-
myxoma peritonei is a clinical syndrome resulting from 
mucin deposits within the peritoneal cavity. Repeated 
debulking surgeries are the standard treatment in most 
symptomatic patients.

Primary Adenocarcinoma
Although a minority of patients with acute appendicitis 
have adenocarcinoma, the majority of patients with 
adenocarcinoma present with acute appendicitis. Right 
hemicolectomy is usually the standard of care.
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Injuries to the abdomen may be seen as a result of 
combat and war. In some reports, mortality rates related 
to abdominal war wounds dropped from 53% during 
World War I to 18% to 36% in World War II, with a 
further drop to nearly 10% during the Vietnam War in 
some limited hospital series. Other data collected from 
the Vietnam War showed that the mortality rate for 476 
abdominal casualties reached 42%.

In patients who are victims of penetrating or blunt 
trauma with unrecognized colorectal injuries, the 

aBDomInal WounDs: colon

Injuries to the colon are commonly iatrogenic or trau-
matic. Patients receiving certain medications may be 
more susceptible to spontaneous perforations of the 
colon. Other procedures, such as endoscopy, may be 
potential causes of perforation.

Chronic steroid therapy has been shown to be com-
plicated by acute perforation of the gastrointestinal 
tract since the 1950s. The perforations typically occur 
in unusual locations in an otherwise normal length of 
colon. Because of a lack of overt symptoms early and a 
resulting delay in treatment, mortality rates range from 
85% to 100%. Higher mortality rates have been associ-
ated with prednisone given in higher doses. Many of 
the natural defenses are impaired with chronic steroid 
use. Free perforation without an inflammatory response 
to wall off the area of soilage may occur. Steroids also 
may impair mucosal regeneration, which may cause the 
lymphoid elements to atrophy and the bowel wall to 
become thin and more susceptible to perforation.

Colonoscopic polypectomy has a 10% rate of associ-
ated complications, with about 75% of these being 
minor in severity. Over 90% can be managed nonop-
eratively. Perforation of the colon may occur due to 
maneuvering the colonoscope or from polypectomy. 
Often these perforations will become sealed off and can 
be managed nonoperatively in stable patients owing to 
the fact that these injuries occur in a mechanically clean 
bowel. Patients are initially managed with bowel rest, 
systemic antibiotics, and fluid resuscitation and are 
monitored clinically. If they have continued symptoms 
that do not respond to these measures, they will require 
surgical intervention. Typically, simple closure can be 
performed, but occasionally, segmental resection with 
primary anastomosis, with or without fecal diversion, is 
needed. Outcomes are best when the perforation is 
recognized within 24 hours. Overall, the mortality rate 
ranges from 2.9% to 25% in these cases. Laparoscopic 
and endoscopic repairs have also been performed for 
these complications.
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injuries can be significant causes of death. Being able to 
quickly identify an acute abdomen or pathologic condi-
tion that requires operative intervention is key to reduc-
ing the mortality rate in this patient population. Even 
in intubated patients, physical examination findings 
such as guarding or rebound should be apparent. Inju-
ries of the colon vary from isolated bruised areas to 
large perforations or extensive, ragged tears, with 
infarction. In contrast to the small bowel, wounds of 
the colon are less likely to be multiple. Isolated bruised 
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Damage control techniques for dealing with trau-
matic injuries have significantly improved the mortality 
rates after laparotomy. In these procedures, packing is 
performed for nonsurgical bleeding, with selective liga-
tion of vessels and bowel resection without anastomosis 
or stoma formation to terminate a procedure quickly. 
Once coagulopathy begins, the procedure should be 
terminated with the intent to return after resuscitation 
and control of the coagulopathy.

areas are occasionally found remote from the tract of 
the inflicting agent, and in some cases, the outer layer 
of the bowel wall will be found ruptured and stripped 
back from the intact mucosal layer. Multiple lesions, 
when present, usually involve the flexures and pelvic 
colon. Small lesions involving the ascending and 
descending portions of the colon may be intraperito-
neal or extraperitoneal and are particularly grave, 
because they may be easily overlooked and because of 
the vulnerability of the retroperitoneal tissues to anaer-
obic infection. Wounds of the colon are frequently 
associated with injuries to other viscera in the injured 
region.

The clinical symptoms of wounds of the colon and 
those of the small bowel are practically the same. 
Uncomplicated wounds and small perforations, espe-
cially if they are extraperitoneal, may cause few early 
symptoms, so that thorough exploration of a suspected 
area is essential. Shock is usually apparent if the wound 
is a large one.

In small, uncomplicated wounds involving the more 
distal part of the bowel, the prognosis is more favorable 
if spillage of semisolid fecal material is slight and if 
surgery is performed early.

If there is concern for an intraabdominal injury, 
broad-spectrum antibiotics should be given. Patients 
found to have pelvic fractures should elicit concern for 
associated colorectal injury. A digital rectal examination 
is essential for every trauma patient to assess for a 
colorectal injury as well. For hemodynamically stable 
patients, CT scanning will provide a thorough assess-
ment of the abdomen. Focused abdominal sonogram 
for trauma examination is a reliable assessment for 
patients who cannot undergo CT scanning because of 
instability, or it may be used in conjunction with CT 
scanning for a thorough evaluation. The incidence of a 
colorectal injury with blunt trauma is approximately 
0.3%. Diagnosis is often made at laparotomy for 
another cause.
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Operative intervention should be performed via a 
midline laparotomy. The primary intent should be to 
stabilize or stop ongoing blood loss. Then attention can 
be turned to detection and management of other inju-
ries. Treatment options for colonic injury include proxi-
mal diversion and repair, exteriorization of the wound 
as a colostomy, simple suture repair, or resection with 
anastomosis. Judgment must be exercised to determine 
the best course of action given the mechanism of injury.

aBDomInal WounDs: colon 
(Continued)
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The mortality rate in World War I for wounds of the 
rectum was 45%, but in World War II this figure was 
reduced to 23%. During the Vietnam War, distal rectal 
washout was employed, resulting in reduced mortality 
rates. Shock, fulminating infection in the retroperito-
neal space, and peritonitis are the most common causes 
of death.

The treatment of rectal injuries consists essentially 
of débridement of the external wound, repairing the 
bowel, providing adequate drainage of the retrorectal 

aBDomInal WounDs: rectum

Injuries of the rectum occur less frequently than those 
of other abdominal viscera but are particularly impor-
tant because of their gravity. In World War I they made 
up 2.4% of all abdominal injuries. In World War II the 
incidence of rectal injuries among abdominal injuries 
was 3.7%. Rectal trauma is often associated with lesions 
of the bladder, the pelvic colon, and the small intestine. 
Other causes of penetrating rectal trauma include stab 
wounds, accidental (e.g., all-terrain vehicle accident) or 
intentional impalement, foreign bodies, or iatrogenic 
causes.

Wounds of the rectum vary in type and extent. They 
may be extraperitoneal or intraperitoneal, or both. The 
lesion often consists of a small perforation, produced 
by a small missile or a fragment of pelvic bone, or an 
extensive laceration produced by shell fragments of 
high explosives or land mines. The entrance wound in 
such injuries frequently is located posteriorly or pos-
terolaterally in the thigh or buttocks and may decep-
tively suggest that the bowel has been missed. In some 
cases, damage to tissues externally is extensive, with 
tearing and laceration of the gluteal region and destruc-
tion of the anus and lower rectum. In others, the anal 
region remains intact, the injury being limited to the 
lower portion of the rectum. These cases are particu-
larly dangerous because of infection in the extraperito-
neal perirectal region. Rectal injuries are especially 
prone to anaerobic infection. The intraperitoneal 
portion of the rectum can also be injured in cases in 
which the missile has entered from behind or from the 
side. Such wounds are not infrequently associated with 
fracture of the bones of the pelvis. These cases are com-
monly accompanied by injury of the bladder or small 
bowel. In addition to peritonitis, danger of infection in 
the presacral areolar tissue is associated.

Intraperitoneal rectal injuries are diagnosed and 
treated in a fashion similar to colonic injuries. If an 
injury is in the extraperitoneal rectum, it may be diffi-
cult to diagnose. Such injuries usually become apparent 
after signs of infection develop, typically over the next 
24 hours. Patients should be managed with intravenous 
broad-spectrum antibiotics, and diagnosis confirmed 
with an examination or imaging. Sigmoidoscopy should 
be used if there is blood in the rectum on digital rectal 
examination or if there is a bladder, urethral, vaginal, 
or pelvic injury that causes concern for an associated 
rectal injury.
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space whenever needed, and diverting the fecal stream 
by temporary colostomy. In cases where there is a delay 
in diagnosis, diversion is preferred with a washout of 
the perirectal area.

The opening in the bowel should be closed by suture 
whenever possible. Drainage of the retroperitoneal 
tissues is necessary. Exploratory laparotomy should be 
done in practically all cases, and injuries to other viscera 
should be properly treated. Openings in the intraperi-
toneal portion of the rectum should be closed by suture.
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considered in the differential diagnosis include any 
other cause of acute abdominal pain, including appen-
dicitis, diverticulitis, and ischemic colitis.

Laboratory studies are typically not helpful in making 
the diagnosis, but polymicrobial infection may be 
revealed on blood culture. A paucity of gas may be seen 
in the right lower quadrant on abdominal x-ray, with 
dilated small bowel loops, thumbprinting, pneumatosis 
intestinalis, and free air, or the films may appear normal. 
Ultrasound and CT scan are typically more sensitive 
and may show bowel wall thickening, a fluid-filled, 
dilated cecum, ascites, phlegmon, pericolic fluid, or 
pneumatosis or free air in severe cases.

anal melanoma, raDIatIon 
Injury, anD typhlItIs

ANAL MELANOMA

Melanoma of the anal canal is rare. Its varied presenta-
tions may involve a mass, pain, or bleeding. It may be 
incidentally discovered on resection of another lesion 
such as a hemorrhoid, particularly if it is the amelanotic 
type, which occurs in approximately 25% of cases. Only 
256 new cases were documented between 1985 and 
1994 in the National Cancer Database. The median age 
at diagnosis is 60 years, and the disease is more com-
monly seen in women, with metastatic disease often 
present at the time of diagnosis.

The overall prognosis is poor, with 5-year survival 
rates ranging from 0% to 32% if the disease is meta-
static or locally contained. Treatment requires an R0 
resection (complete removal of the tumor, with micro-
scopic evaluation of the margins showing no tumor 
cells), which often will require an abdominoperineal 
resection, but local excision may be adequate for many 
patients. Better 5-year survival rates are seen if negative 
margins are obtained with surgery. Sentinel lymph node 
biopsy has not been shown to be effective in the staging 
of anal melanoma. Use of adjuvant chemotherapy and 
irradiation is unproven, but case reports have shown 
greater regional control after radiation therapy when 
complete excision can be performed.

RADIATION INJURY

Given the rapid turnover of intestinal epithelia, the 
colon and small intestine are at significant risk for radia-
tion injury. Radiation therapy results in mucosal 
atrophy, with decreased crypt height in the colon and 
rectum. Mucosal injury also occurs in the areas that lie 
within the field of radiation. Diarrhea and hematoche-
zia often occur because of resultant colitis or proctitis.

Effects of irradiation can be delayed in onset, and 
occur months or years after exposure. Fibrosis, stric-
tures, fistulas, and telangiectasias may occur. Imaging 
with barium enema may help identify the extent of 
strictures. Bacterial overgrowth may occur, necessitat-
ing the use of antibiotics. Dilation of strictures may also 
be necessary. Surgery should be reserved for refractory 
strictures or fistulas because the associated morbidity is 
significant; it may lead to difficulty in healing due to 
impaired blood supply.

TYPHLITIS

Typhlitis, also known as neutropenic enterocolitis, is a 
complication that occurs in patients receiving cytotoxic 
chemotherapy; it may be life-threatening. It may also 
occur in patients with aplastic anemia, cyclic neutrope-
nia, or after autologous stem cell transplantation, but it 
is felt to be most commonly associated with treatment 
for leukemia and lymphoma. Typically, it occurs in the 
cecum, ascending colon, and terminal ileum. A spec-
trum of mucosal and submucosal necrosis with hemor-
rhage and ulceration may be seen.

Clinically, patients present with fever, abdominal 
pain, and diarrhea in the presence of neutropenia. 
Patients may also experience nausea, vomiting, hema-
tochezia, and abdominal distention. Symptoms typi-
cally begin about 7 to 9 days after the onset of 
neutropenia. Other diagnoses that need to be 
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Computed tomography of the abdomen illustrating bowel wall thickening associated with neutropenic
enterocolitis. This is most notable in the upper portions of the image surrounded by intraluminal contrast.
(From Cloutier RL: Neutropenic entrerocolits. Emerg Clin North Am 2009;27:415-422.)

Radiation proctitis. A, Magnification x20; B, magnification x40 (From Sarin A, Safar B. Management of
radiation proctitis. Gastroenterol Clin North Am 2013;42:913-925.)
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Treatment usually consists of aggressive medical 
therapy, including bowel rest, hydration, nasogastric 
suction, and broad-spectrum antibiotic coverage. 
Patients should be observed closely for clinical signs of 
deterioration. Surgery is recommended for patients 
who have perforation, persistent bleeding, or clinical 
deterioration suggestive of uncontrolled sepsis. Typi-
cally, resection with proximal ostomy is performed. 
Often, clinical improvement is not seen until there is 
recovery of the neutrophil count. This can be hastened 
with the use of recombinant granulocyte colony-
stimulating factor. Chemotherapy can be resumed 
when patients have completely recovered.
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foreIgn BoDIes In anus  
anD colon

Patients with anorectal foreign bodies are often reluc-
tant to present to known physicians and so will present 
to the emergency room after some delay. These foreign 
bodies may have been placed transanally for therapeutic 
or for sexual purposes. Rectal foreign bodies can also 
be a result of oral ingestion as seen in body packing. 
The most commonly reported items are cylindrically 
shaped, but items such as balls, vibrators, foods (fruits 
and vegetables), and bottles have been removed. Rarely, 
rectal thermometers have accidentally broken with a 
retained portion beyond the anal canal. Patients will 
usually have tried to remove the object prior to presen-
tation to the emergency room and may fabricate stories 
to explain what happened. Suspicion for abuse or assault 
should be triggered. A systematic approach to diagnosis 
and management is essential due to the varied nature 
of foreign bodies and outcomes. Concern should 
remain for delayed perforation or significant bleeding 
even after extraction. The majority of patients are males 
30 to 40 years of age.

First, determination should be made as to whether 
perforation has occurred. If a patient is unstable, resus-
citation and broad-spectrum antibiotics should be 
immediately initiated prior to surgical exploration. If 
the patient is stable, a CT scan can be performed to 
determine whether a perforation has been sustained. 
Perforations may occur into the extraperitoneal space 
below the peritoneal reflection, and so care should be 
taken to make the diagnosis.

For extraction, patient relaxation with a perianal 
nerve block, spinal anesthetic, and/or conscious seda-
tion should be undertaken. With the patient in the 
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lithotomy position, a rectal examination can be per-
formed with downward abdominal pressure to facilitate 
extraction if needed. A plain film should be taken after 
the extraction to ensure that no perforation developed 
as a result. Proctosigmoidoscopy should be performed 
after removal to determine whether there is any damage 
to the mucosa of the colon or rectum.

If transanal extraction is not possible even with 
general anesthesia, exploration via laparotomy is 

indicated. Attempts may be made to push the object 
distally and extract it transanally. If this is unsuccessful, 
a colostomy can be performed to remove the object 
with a primary closure. If there is a perforation identi-
fied, proximal diversion may be necessary. Traumatic 
disruption to the anal sphincter may result in fecal 
incontinence. Surgical intervention for this should be 
delayed until adequate time has passed to allow a full 
evaluation of clinical symptoms.
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following defecation. Pain is not a characteristic 
symptom, being present only in cases with complica-
tions (thrombosis, strangulation) or other concomitant 
conditions (fissure, abscess).

The so-called strangulated hemorrhoids constitute the 
most common and also the most painful complication 
of internal hemorrhoids. This complication occurs 
when the prolapsed hemorrhoids cannot be reduced 
because of sphincteric contractions and because of the 
blockage of the thrombosed internal varices by the 
simultaneously or subsequently thrombosed inferior 
hemorrhoidal veins.

Patients should be examined with anoscopy and 
proctosigmoidoscopy to determine the extent of hem-
orrhoidal tissue. The degree of prolapse can be evalu-
ated by asking the patient to strain on the toilet. More 

proctologIc conDItIons: 
hemorrhoIDs

Hemorrhoids are varicose dilatations of the radicles of 
the hemorrhoidal (rectal) veins, in either the superior 
or the inferior plexuses, or both, accompanied in 
varying degrees by hypertrophy and round cell infiltra-
tion of the perivascular connective tissue. Hemorrhoids 
are present in about 35% of the population. They 
usually occur between the ages of 25 and 55 years, and 
only seldom under the age of 15 years. Both sexes are 
affected equally.

To explain the formation of hemorrhoids, a great 
variety of factors have been considered. A hereditary 
predisposition seems to play a role in some individuals. 
Erect posture, the absence of valves in the portal venous 
system, the arrangement of the collecting veins in the 
rectal submucosal space with the veins being susceptible 
to compression in passing through the anorectal mus-
culature, and other biologic and anatomic conditions 
are contributory elements. More direct causes are all 
the various events that produce transient or constant 
increased pressure or stasis within the rectal venous 
plexuses, such as straining at stools because of constipa-
tion or diarrhea, tumors or strictures of the rectum, 
pregnancy, tumors and retroversion of the uterus, 
hypertrophy and tumors of the prostate, and portal 
hypertension.

External and internal hemorrhoids must be differen-
tiated by anatomic location. Varicosities of the inferior 
hemorrhoidal plexus present as external hemorrhoids, 
situated below the pectinate line and covered by the 
modified skin of the anus. Thrombotic external hemor-
rhoids are an acute variety of external hemorrhoids, 
resulting from the formation of a thrombus within a 
vein or, more frequently, from the rupture of a vein with 
extravasation of blood into the cellular tissue, constitut-
ing, strictly speaking, a hematoma. The thrombotic 
variety occurs usually as the result of strain. The patient 
complains of a sudden painful lump at the anus, and 
inspection reveals a rounded, bluish, tender swelling. 
Thrombosed external hemorrhoids finally result in 
so-called skin tags, consisting of one or more folds of the 
anal skin and composed of connective tissue and a few 
blood vessels. Skin tags may form also by imperfect 
healing of the skin after hemorrhoidectomy or as a con-
sequence of an inflammatory process in the anal region.

Internal hemorrhoids are varicose enlargements of the 
veins of the superior hemorrhoidal plexus. In the early 
stage (first degree), they do not protrude through the 
anal canal and can be detected only by proctoscopy, 
where they appear as globular, reddish swellings. The 
superior rectal veins being fairly constantly distributed, 
internal hemorrhoids are usually located in the right 
and left posterior and right anterior quadrants. Histo-
logically, the walls of the dilated veins are atrophic and 
surrounded by a perivascular inflammatory infiltrate. In 
a later stage, internal hemorrhoids may protrude 
through the anal canal. Initially, the protrusion may 
occur only at defecation, receding afterward spontane-
ously (second degree); in time, the protrusion becomes 
more pronounced, occurring with exertion and reced-
ing only by manual reduction (third degree). Finally, 
the hemorrhoids may become permanently prolapsed, in 
which case the mucosal surface of the hemorrhoids is 
constantly subjected to trauma and may become ulcer-
ated. Increased mucoid discharge may also cause irrita-
tion of the perianal skin, producing burning and itching.

The earliest symptom of internal hemorrhoids is 
usually intermittent bleeding, occurring during or 
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proximal evaluation may be deemed necessary with 
further endoscopy.

For most, conservative management with fiber  
supplementation is the first-line treatment, to relieve 
constipation and the need for straining. Various over-
the-counter ointments can be used as well to help with 
symptoms. Patients with advanced disease that does not 
respond to this conservative management may benefit 
from other interventions such as sclerotherapy, dia-
thermy, or band ligation. Excisional hemorrhoidectomy 
should be reserved for patients who have failed more 
conservative measures and have significant symptoms, 
or have difficulty with anal hygiene. For some patients 
with prolapsing hemorrhoids, a pexy procedure using a 
device to place a purse-string suture transanally may be 
an alternative to surgical hemorrhoidectomy.
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defecation mechanism. Faulty rectal sensation either as 
a result of poor interpretation of the normal stimulus 
or as a result of a neuromuscular abnormality with asso-
ciated hypoexcitability may lead to a lack of coordina-
tion between the appreciation of the full-rectum 
stimulus and defecation.

The most common complaint in patients with pro-
lapse or procidentia is the protrusion of a mass from the 
anus, during defecation or walking, which will become 
more and more difficult to reduce. Other symptoms are 

proctologIc conDItIons: 
prolapse anD procIDentIa

Prolapse of the rectum, as ordinarily understood, is a 
condition in which one or more layers of the rectum 
and/or the anal canal protrude through the anal orifice. 
A prolapse can be partial or complete. In partial pro-
lapse (usually called simply prolapse), only the mucosa is 
involved; it extends usually not more than 1

2  to 1 inch. 
In total prolapse (called procidentia), all the layers of the 
rectum are involved; it presents as a larger, bulbous 
mass, which may eventually contain a hernia sac of 
peritoneum with a segment of bowel in its interior.

In procidentia, in addition to the descent of the rectal 
tissues, an eversion of the lining of the anal canal takes 
place, so that the covering of the displaced tissues 
becomes continuous at approximately a right angle with 
the perianal skin. When only the rectal tissues descend 
while the anal structures remain in their normal posi-
tion, a sulcus will surround the protruded rectum.

Sigmoidorectal intussusception (concealed or pro-
truded) has been previously described as a procidentia, 
but this is, in fact, a different entity. The confusion 
arises when the intussusception protrudes through the 
anal orifice. However, digital examination will easily 
differentiate this condition from rectal procidentia. In 
the former the finger will pass into the rectal ampulla. 
In the latter the finger will meet a blind end in the anal 
canal, or the displaced tissue is continuous with the 
perianal skin.

The cause of prolapse and procidentia is unknown. 
A defect in one or more of the supporting structures of 
the anorectum seems to be the chief predisposing 
factor; it is not likely that increased abdominal pressure, 
in the absence of alterations in the supporting struc-
tures of the anorectum, will result in prolapse or 
procidentia.

Prolapse occurs most frequently in childhood and in 
old age. In children the majority of cases occur at 1 to 
4 years of age, and a shallow sacral curve and reduction 
of the supporting fat, as may occur in wasting diseases, 
are the chief predisposing causes. In old or debilitated 
subjects, the prolapse is usually due to the loss of 
sphincter tone. It is obvious that some lesions within 
the bowel that drag down the mucosa, such as polyps, 
hemorrhoids, and tumors, and anatomic or neurologic 
disturbances of the sphincters may favor the occurrence 
of prolapse.

Procidentia may occur at any age, but it is uncom-
mon in children. It is now commonly accepted that  
the disorder is, in reality, a sliding hernia of the pouch 
of Douglas through a weakened or damaged pelvic 
fascia and levator muscles, the occurrence of which is 
possibly favored by an abnormally mobile rectum. 
Attention has been called to the importance of some 
neurologic and rectal sensory factors related to the 
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a sensation of fullness, soiling, incontinence, diarrhea, 
and bleeding.

The examination is best carried out with the patient 
in a standing or squatting position; the patient should 
be asked to strain so that the full extent of the protru-
sion can be observed. In prolapse the inspection reveals 
a relatively small mass with radially arranged folds. In 
procidentia the protruded mass is bulky, showing a con-
gested, eventually ulcerated mucosa with folds arranged 
in a concentric pattern.
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hypertrophied papillae. Pain related to defecation is the 
main symptom; occurring during passage of the stools 
or shortly thereafter, it may be extremely severe and 
may persist for some time. The diagnosis can be made 
by simple inspection of the anus.

Pruritus ani is a symptom that may accompany every 
known anorectal disease, as well as other organic or 
systemic affections. Most commonly, however, no 
evident primary cause is found. Perianal itching without 

proctologIc conDItIons: 
papIllItIs, cryptItIs, 
aDenomatous polyps,  
vIllous tumor, fIssure,  
anD prurItus anI

Inflammatory processes of the papillae, which usually 
start in one of the crypts, give rise to extreme pain (and 
tenesmus) out of all proportion to the size and severity 
of the lesion. In acute papillitis, the structure is swollen, 
edematous, and congested, becoming later, in the chronic 
stage of the papillitis, fibrosed and hypertrophied. Gradu-
ally, the hypertrophic papilla may develop a stalk and 
may change into a so-called fibrous polyp, which may 
produce the sensation of a foreign body in the anal 
canal, a dissatisfied feeling after defecation, itching, and 
objective signs of irritation.

The crypts of Morgagni, in which fecal material can 
collect and which are continuously exposed to trauma, 
become easily involved in infectious inflammatory pro-
cesses. The cryptitis may remain restricted to circum-
scribed reactions in and around the crypts or may 
spread to the surrounding tissues, inducing the forma-
tion of abscesses and fistulae. The symptoms of cryptitis 
(sometimes resembling those of a fissure [phantom 
fissure]) are anal formication, itching, and radiating 
pain, which are aggravated by defecation and ambula-
tion. Anoscopy, under anesthesia, permits recognition 
of the affected crypt, a purulent discharge or granula-
tion tissue, and enlargement of the related papilla.

Benign tumors of epithelial origin occur in the 
rectum in two varieties, the simple adenomatous polyp 
and the villous tumor (also termed papilloma, papillary 
tumor, papillary adenoma, papillary polyp, villous 
polyp, and villoma). The usually lobulated adenomatous 
polyps may be sessile or pedunculated; they may vary in 
size from a few millimeters up to about 2 cm in diam-
eter, only rarely becoming larger. The less common 
villous tumor is mostly attached to the mucosa by means 
of numerous papillary stalks and is soft and velvety to 
the touch. Both of these benign epithelial tumors tend 
to undergo malignant degeneration and may manifest 
themselves by bleeding, mucous discharge, diarrhea, 
tenesmus, and protrusion through the anal canal.

An anal fissure is a crack or splitlike ulcer of the anal 
canal lining below the pectinate line, extending often as 
far as the anal verge. It starts rather suddenly, and the 
lesion is usually associated with severe pain. If untreated, 
it tends to run a course of exacerbations and remissions. 
Fissures occur at all ages, particularly in middle life, and 
somewhat more frequently in women. When single, an 
anal fissure is most commonly located at the posterior 
commissure. Multiple fissures, also more frequent in 
women, usually involve the anterior and posterior com-
missures and only rarely the lateral margins. Mechani-
cal traumatic factors (overdistention of the anal canal at 
defecation) and anal infection are the most frequent 
pathogenic causes. The typical anal fissure is racket 
shaped and has sharply defined edges; at the lower, 
wider, rounded end, the skin frequently forms an edem-
atous tab (sentinel pile); the upper end, quite close to 
the anal valves, is often guarded by one or two 
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any apparent cause (by some authors believed to be  
a neurodermatitis, by others simply designated as 
“cryptogenetic”) is usually more intense at night in bed 
and during warm weather. The perianal skin is hyper-
emic and will show superficial abrasions from scratch-
ing. In more chronic cases, a whitish discoloration of 
the skin, accentuation of the folds, rhagades, lichenifi-
cation, hyperkeratosis, and patchy parakeratosis are 
characteristic.
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fistulae, in spite of the fact that the primary (cryptic) 
opening cannot be demonstrated. Applying the Goodsall 
rule, one may obtain a rough idea of the course of the 
fistulous tract and the probable location of its primary 
opening. This rule proposes that by drawing an imagi-
nary transverse line across the center of the anus, one 
may expect a curved tract and the primary opening 
posterior to the midline when the secondary opening is 
situated posteriorly to this line, whereas a straight tract 

proctologIc conDItIons: 
anorectal aBscess  
anD fIstula

A localized infection with collection of pus in the ano-
rectal area is designated as anorectal abscess. It usually 
results from the invasion of the normal rectal flora 
(Bacillus coli, Bacillus proteus, Bacillus subtilis, staphylo-
cocci, and streptococci) into the perirectal or perianal 
tissues. The pathologic process seems to start, as a rule, 
with an inflammation of one or more crypts (cryptitis). 
From the crypt (portal of entry), the infection may 
spread to the anal ducts and anal glands and from there 
submucously, subcutaneously, or transsphincterally to 
the surrounding tissue. This sequence of events closes 
with a spontaneous rupture of the abscess, either into 
the anorectal canal or through the perianal skin, if the 
abscess has not been drained surgically. Once the 
abscess has perforated, the cavity, as well as its outlet, 
shrinks, leaving a tubelike structure, an anorectal fistula. 
An anorectal fistula is invariably the result of an abscess.

Anorectal abscesses are identified per Park’s classifi-
cation based on their anatomic location and noted as 
intersphincteric, transsphincteric, suprasphincteric, and 
extrasphincteric. By position, supralevator abscesses are 
the least common type; they extend from the inter-
sphincteric plane through the puborectalis muscle and 
exit via the skin after passing through the levator ani. 
Because the surrounding affected tissues have a visceral 
rather than a somatic sensory nerve supply, a sensation 
of discomfort and pressure rather than pain is perceived 
in the anorectal region. These abscesses may be pal-
pated by digital examination or observed through the 
proctoscope as swellings encroaching on the rectal 
lumen. In contrast to the infralevator abscesses, they 
may produce signs of toxemia and extreme prostration. 
The retrorectal and, more so, the pelvirectal abscesses, 
in most instances, originate from infectious processes 
in other pelvic organs and are thus not anorectal lesions 
in the strict sense, though they usually rupture into  
the rectum or anal canal, or sometimes through the 
levator ani.

The course of a fistula, which will eventually remain 
as the end phase of abscess formation, evacuation, and 
healing, will essentially depend on the original localiza-
tion and point of drainage of the abscess. A fistula is 
called complete when both openings, the primary 
(cryptic) and the secondary openings, can be detected 
and are accessible. Complete fistulae usually connect 
the rectal lumen with the anal or perianal skin. If only 
one opening can be identified, either the primary 
opening or, as is more often the case, the secondary 
opening, one deals with a blind fistula, also designated 
as a sinus, which may discharge either into the lumen 
of the bowel (internal sinus) or through the perianal 
skin (external sinus). The former comes into existence 
when the abscess has drained spontaneously through 
the crypt from which the infectious process started. 
The external sinuses are, in principle, always complete 
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and an anteriorly located primary opening may be 
expected when the secondary opening is anterior to this 
proposed line.

A branched fistulous tract with several openings, 
so-called complex fistula, may be encountered. A trans-
sphincteric fistula passes through the musculature, and an 
intrasphincteric fistula runs submucously or subcutane-
ously, leaving the sphincter intact. A curved tract par-
tially encircling the anus is known as a horseshoe fistula.
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rectal intercourse, but may also be seen with reactiva-
tion of disease from a prior genital infection, and is 
associated with anorectal pain, tenesmus, constipation, 
and discharge. Ulcerative lesions may be seen on proc-
toscopy or colonoscopy.

Human papillomavirus (HPV) infection is associated 
with 80% to 85% of anal cancers worldwide. High-risk 
HPV serotypes include 16, 18, 31, 33, 39, 45, 51, 52, 
56, 58, and 59. Infection of anorectal tissues may result 
from direct inoculation through sexual activity or 

proctologIc conDItIons: 
sexually transmItteD 
DIseases

Lymphogranuloma venereum, caused by the L serovars of 
Chlamydia trachomatis, may produce lesions in the 
genital tract, inguinal region, and/or anorectocolonic 
tissues. A primary papule or ulcer, usually not noticed, 
appears at the site of inoculation. This is usually on the 
glans penis or prepuce in the male and on the four-
chette, posterior vaginal wall, or posterior lip of the 
cervix in the female. Subsequent disease is due to local 
extension and spread to draining lymph nodes. Inguinal 
adenitis (bubo) marks the second stage in men, because 
the lymphatic drainage of the external genitalia, the 
common site of the initial lesion, is by way of the ingui-
nal nodes. Local extension may lead to elephantiasis of 
the penis and scrotum. In women, the site of the 
primary lesion is commonly vaginal or cervical, and 
invasion of the perirectum and rectal wall is much 
easier. Thus, the second-stage manifestations are more 
apt to be rectal stricture, abscesses, and fistulae. Anovul-
var esthiomene (elephantiasis) may be seen from local 
extension. Rectal strictures in men who have sex with 
men (MSM) may be seen due to primary rectal infec-
tion. Rectal symptoms may include anal pain, rectal 
discharge, constipation, fever, and tenesmus.

The essential pathologic changes in the rectum are 
those of an ulcerative inflammatory process with an 
extensive production of contracting connective tissue in 
the mucosa and deeper layers of the bowel. When the 
entire intestinal wall and the perirectal tissues become 
involved, the affected segment is transformed into a 
firm, fixed, narrowed canal. Multiple blind sinuses and 
perirectal abscesses may form, which can perforate into 
the vagina, bladder, or perianal skin. Occasionally, other 
segments of the large intestine (particularly the left-
sided colon) may also be involved by the disease.

Genital C. trachomatis is a common cause of proctitis 
in MSM. C. trachomatis has three human biovars, and 
when seen in proctitis, serovars D to K are usually 
involved. Infection may result from direct inoculation 
of the rectum, or through the local spread of infected 
cervical secretions in women. Infection is superficial 
and symptoms include anal pruritus and a mucoid 
discharge.

Treponema pallidum may lead to syphilitic manifesta-
tions of the anorectum in all stages of the disease. In 
adults, a painless and indurated chancre (primary lesion) 
is usually located at the posterior commissure, and also 
very rarely at a higher level within the anal canal or 
rectum. The diagnosis can be readily established by 
dark-field examination of the secretion, which will 
reveal the presence of T. pallidum. The manifestations 
of secondary syphilis occur usually in the form of peri-
anal condylomata lata (flat warts), which have a flat 
surface rather than the pedicle and cauliflower lobula-
tions of the condylomata acuminata. T. pallidum may be 
demonstrated in condylomata lata. Serologic tests are 
generally positive at this stage of the disease. In late 
syphilis, ulcerated gummas may occur in the anus and 
rectum. In infants, multiple superficial fissures may 
indicate congenital syphilis.

Neisseria gonorrhoeae may cause proctitis after direct 
inoculation from sexual activity. Disease is character-
ized by a friable mucosa that may lead to abscess or 
fistula formation. Symptoms characteristically include 
purulent anal discharge, anal pain, and tenesmus.

Herpes simplex type I or II may lead to proctitis and 
perianal infections. Infection is usually associated with 
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autoinoculation of infected secretions from a primary 
genital site. Similar to cervical carcinoma, HPV-related 
anorectal malignant tumors evolve from metaplastic 
activity induced by viral transformation of anal epithe-
lial tissues. High-risk patients, such as HIV-infected 
patients with a history of receptive anal intercourse or 
other documented HPV-related disease, may benefit 
from screening by anal cytologic study and/or high-
resolution anoscopy examination of the anal canal to 
identify precancerous lesions.
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and may give rise to inflammatory reactions, including 
acute appendicitis in rare circumstances. Heavy infesta-
tions result in a friable and edematous bowel wall, 
which may bleed, leading to anemia in patients with 
limited iron intake. The worm does not actively suck 
blood.

The clinical signs of trichuriasis vary with the inten-
sity of infestation, extent of intestinal penetration, and 
secondary bacterial infection. In most instances no 
noticeable or only vague digestive disturbances occur. 

parasItIc DIseases: 
trIchurIasIs

Trichuriasis is parasitism produced by the worm Trichu-
ris trichiura (human whipworm). This worm is cosmo-
politan in distribution but is common in temperate 
zones and humid tropical environments. Humans seem 
to be the only hosts, although whipworms obtained 
from pigs and monkeys are morphologically similar. 
The male worm measures 30 to 45 mm in length and 
the female 35 to 50 mm. In both sexes the pinkish body 
of the parasite shows two portions: the cephalic, which 
is longer and attenuated (whiplike), containing the 
esophagus, and the caudal, which is shorter and thicker, 
containing the intestine and sex organs. The posterior 
end of the male is coiled, while that of the female is 
comma-shaped.

The adult parasites, male and female, live predomi-
nately in the cecum and ascending colon, but infection 
may extend to the transverse colon, descending colon, 
or rectum. After fertilization the female lays eggs, 
which are expelled in the feces. Each worm may produce 
3000 to 20,000 eggs daily. The eggs are barrel shaped 
and measure approximately 50 to 55 microns in length 
and 22 to 24 microns in breadth. They have a double 
shell, which is perforated at the poles; the polar orifices 
are closed by prominent, colorless, refractive albumin-
ous plugs. At oviposition, the fertilized ova show unseg-
mented granular contents. Embryonic development 
takes place outside the host, in the soil. Under favorable 
conditions of temperature and moisture, the ova reach 
the motile embryo stage in about 3 to 4 weeks. The ova 
are not very resistant to desiccation, cold, or heat, and 
are killed in a short time at 54° C and −12° C; they also 
do not survive direct sun. Human beings become 
infested by swallowing fully embryonated eggs obtained 
directly or indirectly from the soil. Food (especially 
uncooked vegetables), water, and hands may become 
contaminated directly by infested soil or indirectly by 
domestic animals, flies, and other insects. The ingested 
embryonated egg reaches the intestine and becomes 
softened; the embryo escapes by forcing one of the two 
albuminous plugs at the poles. The free larval worms 
develop into mature adult worms; after copulation the 
female lays eggs, and a new cycle begins. The adult 
worm is attached to the intestinal wall with the thin 
anterior portion embedded in the mucosa. About 3 
months is required for maturation and oviposition from 
the time of ingestion of the embryonated eggs. In most 
cases the infestation is not very intense, with fewer than 
20 worms. Clinical disease is usually associated with 
more than 200 worms. Occasionally, however, a patient 
may harbor a thousand or more worms in the large 
intestine.

The pathologic effects of a whipworm infection are 
usually mild, if at all present; they are chiefly due to 
trauma of the intestinal mucosa and to toxic substances 
produced by large numbers of parasites. The anterior 
portion of the worm is buried in the intestinal mucosa, 
which may result in minor local inflammation. At the 
site of the worm’s penetration into the mucosa, however, 
a secondary invasion by intestinal bacteria may occur 
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Pronounced symptoms are associated with massive 
infestation or bacterial invasion; they include diarrhea, 
dysenteric syndrome, constipation, abdominal pain, 
abdominal distention, weakness, weight loss, and 
anemia. Rectal prolapse may be seen with heavy infesta-
tions, and the adult worms may be seen in the prolapsed 
rectal tissue. The diagnosis is made by identifying the 
worm on prolapsed rectal tissue or at colonoscopy, or 
by identification of the characteristic eggs on stool 
examination (see Plate 3-55).
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or constipation. Occasionally, masses of ascarides may 
obstruct the intestinal lumen, often at the terminal 
ilium, especially in children. Adult worms may migrate 
up or down the intestinal tract and be passed per anus 
or emerge from mouth or nose or, sometimes, may 
penetrate into the appendix, diverticula, bile ducts, gall-
bladder, pancreatic duct, peritoneal cavity (especially 
after gastrointestinal surgery), pharynx, or middle ear, 
giving rise to serious local complications. The diagnosis 

parasItIc DIseases: ascarIasIs

Ascaris lumbricoides (the large intestinal roundworm) is 
the causal agent of the most common helminthic infec-
tion of humans. The white or pinkish adult worms are 
elongated nematodes, tapering anteriorly and posteri-
orly to conical ends. Their smooth cuticle is finely stri-
ated, and two faint whitish streaks run along either side 
of the entire body length. The adult male (12 to 25 cm 
by 2 to 4 mm) is smaller than the female (20 to 40 cm 
by 5 to 6 mm) and is characterized by a ventral curva-
ture of its posterior extremity. Specimens of both sexes, 
however, sometimes may reach a considerably larger 
size. The adult worms live, as a rule, in the lumen of 
the small bowel, obtaining their nourishment from the 
semidigested food of the host. A mature female worm 
produces about 200,000 eggs a day. The fertilized ova, 
measuring from 45 to 70 microns in length and 35 to 
50 microns in breadth, contain a mass of coarse lecithin 
granules. Fertilized eggs demonstrate an outer coarsely 
mammillated, albuminous covering and a thick, hyaline 
shell, composed of several layers. The unfertilized ova 
are larger, can have bizarre shapes, may lack one or 
more layer of the normal shell layers, and have a disor-
ganized, globular internal contents. In both fertilized 
and unfertilized eggs the albuminous covering is easily 
broken or may be absent. The ova are expelled with the 
feces and must undergo a process of maturation before 
becoming infective. Under favorable conditions (moist, 
shady soil and a temperature of about 25° C) the 
embryo molts into a second-stage infective larvae. This 
phase may take from 10 days to 6 weeks depending on 
temperature. If the conditions are unfavorable, the ova 
may remain dormant for several years and develop with 
the return of a favorable environment.

Human infestation occurs by swallowing mature ova, 
which are conveyed to the mouth by contaminated 
fingers, water, vegetables, or other food. In the small 
intestine the larvae are liberated, penetrate the intesti-
nal wall, and pass into the portal circulation; via the 
liver and heart they reach the lungs, penetrate the capil-
laries, and enter the alveoli. From the alveoli, the 
worms, now 1.5 mm in length, ascend the bronchi and 
trachea to the glottis, are swallowed, and pass down to 
the small intestine, where they develop into adult male 
or female worms.

In the lungs the larvae give rise to local inflammation 
and hypersensitivity. A marked eosinophilia may be 
present in peripheral blood. Allergic manifestations of 
ascariasis can include reactive airway disease or episodes 
of urticaria. An extensive alveolar exudation of red 
blood cells, neutrophils, eosinophils, and fibrin may 
evolve, resulting in a lobular pneumonia; eventually, an 
entire lobe may become consolidated (ascaris pneumoni-
tis). Sensitive individuals react to the larvae with an 
allergic edema and eosinophilic infiltration of the lungs 
(Löffler syndrome).

Infestation with a few adult worms in the intestinal 
lumen is usually asymptomatic. Heavier infestations 
may cause local mechanical disturbance and impair the 
nutritional status of children, especially in regions 
where other coexisting intestinal infections may be 
present. In most cases the symptoms consist of abdomi-
nal discomfort, pain, loss of appetite, nausea, diarrhea, 
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is usually made by recovery of the characteristic eggs in 
the feces (see Plate 3-55), demonstration of the adult 
worm passed through the mouth, anus, or nose, or 
demonstration of adult worms on colonoscopy. Worms 
may be demonstrated on CT or ultrasound studies. 
X-ray examinations may demonstrate worms in gas-
filled loops of bowel, or, following an opaque meal or 
barium enema, may reveal adult worms as characteristic 
filling defects.
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female patients the parasites may enter the vagina, pro-
ducing vulvitis and vaginitis. Rarely, female parasites 
may migrate to the fallopian tubes and became encysted 
there, or migrate out into the peritoneal cavity, leading 
to pelvic, cervical, vulvar, or peritoneal granulomas. 
Infection of the bladder may occur. The most common 
and most disturbing symptom of enterobiasis is pruritus 
ani, which can vary in degree from mild to extreme, and 
is most troublesome at night. Affected individuals, par-
ticularly children, may suffer from sleep disturbances, 

parasItIc DIseases: 
enteroBIasIs

Enterobius vermicularis (the human pinworm) is found 
worldwide in both tropical and temperate climates. It 
is common in children, institutional settings, and 
households, and is not associated with socioeconomic 
status. The small, spindle-shaped, round adult worms 
inhabit the cecum, appendix, and adjacent portions of 
the large and small intestine, with their heads attached 
to the intestinal mucosa. The male worm measures 2 to 
5 mm in length and 0.1 to 0.2 mm at its greatest diam-
eter, and has a sharply curved and blunted posterior 
end. The female worm, 8 to 13 mm in length and 0.3 
to 0.5 mm at its greatest diameter, has a sharply pointed 
tail. The female produces eggs in its ovary and releases 
them into a reservoir, the “uterus,” where fecundation 
takes place. When the reservoir is filled, the worm 
detaches itself from the bowel wall, migrates down the 
colon to the rectum, and from there through the anal 
canal to perianal and perineal regions. Some of the 
parasites are expelled from the host’s rectum passively 
with the feces. Migration beyond the anal sphincter 
occurs at night; the female worm, while crawling on the 
skin, deposits eggs in the perianal and genitocrural 
folds. The average number of eggs deposited by a single 
female has been found to be about 11,000. At the time 
of laying, the eggs are already embryonated, containing 
tadpolelike embryos, which, within a few hours, develop 
into the infective vermiform stage. The embryonated 
eggs measure 50 to 60 by 20 to 30 microns and are 
flattened on one side. They have a translucent shell that 
consists of an outer, albuminous covering and an inner, 
embryonic, lipoidal membrane. The eggs require no 
intermediate host for their subsequent development; 
they become infective within a few hours after being 
laid and may remain viable for weeks or months. From 
the perianal region the ova are transferred to clothes 
and bed linen; the hands of the patient, particularly the 
fingernails, may become contaminated through scratch-
ing the perianal regions or handling clothing. The ova 
may be transferred to the same or another host either 
by hand to mouth or indirectly through food and drink. 
The eggs from bed linens and clothes may also be 
blown into the air and get indirectly into the mouth or 
be inhaled and swallowed. Female parasites that are 
expelled in the feces empty their “uteri” outside the 
host; part of the discharged ova become infective and 
may be ingested with contaminated foods or water. 
Eggs lose viability after a few days in the environment, 
with most becoming nonviable within 2 weeks. When 
eggs, containing infective larvae, are ingested and reach 
the stomach and duodenum, the digestive secretions 
soften the eggs’ walls and the larvae released. These 
larvae pass down the small bowel, molt twice, and 
develop into mature male and female worms. After 
copulation the female becomes “gravid,” and a new 
cycle begins. The duration of the cycle from the inges-
tion of the ovum to the development of a mature worm 
is variously given as from 2 to 7 weeks.

E. vermicularis is a relatively innocuous parasite that 
only seldom produces significant local pathologic con-
ditions. Attachment of the worms may produce a mild 
inflammation of the intestinal mucosa from mechanical 
irritation. Occasionally, migration of adult worms may 
lead to disease outside the gastrointestinal tract. In 
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restlessness, and insomnia. Scratching of the irritated 
region may lead to excoriation, dermatitis, and follicu-
litis. The psychological impact of worm infestation for 
both patient and the affected family may be significant. 
The diagnosis of enterobiasis is made by identification 
of the worms on the perianal skin or vagina of infected 
persons. Eggs may be identified in feces or by micro-
scopic examination of transparent tape that has been 
applied several times to the perianal skin to capture eggs 
deposited by gravid females (see Plate 3-55).
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diarrhea and constipation prevailing in moderate infes-
tations. Alterations of host responses resulting from 
hematologic malignant diseases, organ transplantation, 
HIV/AIDS, HTLV-I infection, hypogammaglobu-
linemia, corticosteroid use, and anti–tumor necrosis 
factor therapies may result in acceleration and augmen-
tation of the autoinoculation cycle to a hyperinfection 
syndrome. The most common manifestation of hyper-
infection syndrome is pulmonary disease with focal or 
diffuse infiltrates and bronchospasm. Erratic migration 

parasItIc DIseases: 
strongyloIDIasIs

Strongyloides stercoralis is a cosmopolitan nematode para-
site but is encountered mostly in the tropics and sub-
tropics. The adult parasitic female, a delicate, filiform 
worm measuring about 2.2 mm in length and 30 to 75 
microns in diameter, lives within the mucosa of the 
small intestine, laying several dozens of embryonated 
eggs a day, from which rhabditiform larvae hatch. 
These are expelled in the feces. Under favorable condi-
tions (as in warm climates) the rhabditiform larvae may 
develop in the soil into free-living, sexually mature, and 
sexually active rhabditiform males and females (measur-
ing about 0.7 mm and 1 mm in length, respectively). 
The fertilized, free-living female discharges eggs, from 
which a second generation of rhabditiform larvae hatch, 
which then may develop into infective filariform larvae 
(indirect, or long, sexual life cycle). With favorable 
environmental conditions, the second rhabditiform 
larvae may develop into free-living adults and repro-
duce sexually, creating successive generations of rhab-
ditiform larvae. Rhabditiform larvae expelled with the 
feces and deposited on soil may also metamorphose 
within a short time directly into infective filariform 
larvae (direct, or asexual, life cycle). When in contact 
with human skin, the infective filariform larvae pene-
trate the cutaneous blood vessels and are carried to the 
capillaries of the lungs, where they break through the 
alveoli, ascend the respiratory tree to the pharynx, are 
swallowed and reach the intestine. During this migra-
tion the filariform larvae change into the adolescent 
stage and may copulate (heterogonic development). In 
the duodenum and jejunum, and occasionally also in the 
ileum, appendix, and colon, the mature parasitic females 
burrow into the mucosa and start oviposition after fer-
tilization or by parthogenesis (asexual reproduction). 
Eggs are typically oval and thin shelled, but are usually 
not identified because they rapidly hatch within the 
host to release rhabditiform larvae, which are passed 
into the environment to complete the cycle. The males, 
not being tissue parasites, after a brief stay in the intes-
tine, are voided in the feces. Time from infection to 
shedding of larvae is typically 3 to 5 weeks. Rhabditi-
form larvae may, in lieu of passage into the environ-
ment, reinfect the host through the intestinal mucosa 
or perianal skin, leading to autoinfection and successive 
generations of organisms.

Penetration of the larvae into the skin is usually 
asymptomatic, but in hypersensitive individuals it may 
cause a pruritic eruption at the site of penetration (larva 
currens), and is most notable on the buttock of patients 
with significant autoinoculation. The migration of  
the larvae through the lungs may occasionally lead to 
local inflammation and hemorrhage manifesting as  
pulmonary infiltrates with reactive airway disease and 
peripheral eosinophilia (Löffler syndrome). Occasionally, 
bronchial congestion may prevent the escape of larvae 
from the lungs, so that some of them may develop at 
this site into adult worms, causing more pulmonary 
damage and, eventually, invading the pleural and peri-
cardial cavities. In the intestine, the reaction of the 
intestinal mucosa varies from a light inflammatory cel-
lular infiltration to patchy necrosis, with sloughing, fol-
lowed by fibroblastic repair or the development of 
granulomatous masses. Accordingly, the clinical mani-
festations vary also from an asymptomatic course to 
pronounced dysenteric disturbances, with alternate 
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of larvae may occur as well, with seeding of many tissues 
via the bloodstream, including the myocardium, liver, 
gallbladder, meninges, brain, pancreas, thyroid, kidney, 
spleen, and lymph nodes. The diagnosis of strongyloi-
diasis rests upon recognition of the characteristic rhab-
ditiform larvae in the feces or duodenal content (see 
Plate 3-55). An enzyme-linked immunosorbent assay is 
available for serologic diagnosis. Patients with hyperin-
fection syndrome may have larvae identified from pul-
monary secretions.
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caninum, may penetrate the skin, creating local inflam-
matory tracks and erythema (creeping eruption), but do 
not progress beyond this stage. The blood-lung migra-
tion of the larvae causes minute hemorrhages and cel-
lular infiltration in the alveolar tissues, which, however, 
remain of subclinical grade unless large numbers of 
larvae are migrating simultaneously. In the intestinal 
phase, the adult worms may eventually provoke hyper-
peristalsis with cramps and diarrhea. By sucking blood 
and by producing small erosions in the mucosa, the 
parasites may be responsible for development of sec-
ondary (hypochromic and microcytic) anemia. Blood 
loss is 0.03 mL/day per A. duodenale worm and 0.15 to 

parasItIc DIseases: 
necatorIasIs anD 
ancylostomIasIs

Necator americanus and Ancylostoma duodenale are nema-
todes that produce the human hookworm disease. N. 
americanus is the species that predominates in the 
Western Hemisphere, Central and South Africa, south-
ern Asia, the East Indies, Polynesia, Micronesia, and 
Australia, whereas A. duodenale is the predominant 
species in coastal North Africa, the Mediterranean, 
southern Europe, northern India, northern China, and 
Japan. N. americanus is a cylindrical, fusiform worm, 
grayish-yellow or reddish in color, the adult male mea-
suring 5 to 9 mm in length by 0.3 mm in breadth and 
the female, 9 to 11 mm in length by 0.35 mm in 
breadth. The posterior end of the male is extended into 
a bell-shaped bursa, whereas that of the female is cone 
shaped. Ancylostoma is slightly larger, with the female 
measuring 10 to 13 cm in length and 0.6 mm in breadth. 
The position assumed by N. americanus is very charac-
teristic: the body describes an arc, with the ventral 
surface on the inner side, while the anterior extremity 
curves sharply backward over the body. The chief mor-
phologic characteristics by which N. americanus and A. 
duodenale can be differentiated are the mouth parts and 
copulatory bursae. The buccal capsule of N. americanus 
is located on the upper (ventral) side with two semilunar 
cutting plates, whereas that of A. duodenale exhibits two 
pairs of teeth. Copulatory bursae of the two species 
present morphologic differences in regard to muscular 
digitations (the function of which is to hold the female 
during copulation) and copulatory spicules.

The life cycles of N. americanus and A. duodenale are 
essentially the same. The adult worms live in the small 
intestine, where they attach themselves to the mucosa 
by their buccal capsules and feed on the blood and 
lymph of their host. The fertilized female lays 10,000 
to 25,000 eggs daily. The eggs, ovoid in shape, measur-
ing 60 to 70 microns in length and having a thin shell, 
are usually passed in the feces in the two-cell to eight-
cell stage of segmentation. Under favorable conditions 
of aerated soil, moderate moisture, and an optimal tem-
perature, rhabditiform larvae hatch from the eggs 
within 24 hours. For about 3 to 5 days they grow while 
feeding on fecal material, molt twice, and develop into 
infective filariform larvae. When human skin comes in 
contact with infested soil, the filariform larvae pene-
trate it, enter the lymphatics or venules, and are carried 
in the blood through the heart to the lungs, where they 
pass from the capillaries into the alveoli, ascend the 
respiratory tree, pass to the pharynx, are swallowed, and 
reach the duodenum and jejunum, where they grow up 
into male and female worms.

The clinical manifestations caused by N. americanus 
and A. duodenale are also similar. Penetration of the 
larvae into the skin may occasionally give rise to a local 
pruritic dermatitis (ground itch), with edema, ery-
thema, and papular or vesicular eruption. Nonhuman 
adapted hookworm species, A. braziliense and A. 
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0.26 mL/day per N. americanus worm. Thus, a severe 
anemia is likely to occur only in cases of heavy infesta-
tion and when the food intake is deficient in iron and 
protein. At times, a single massive infestation may 
induce acute symptoms that include headache, nausea, 
prostration, pulmonary and circulatory disturbances, 
severe abdominal pain, and dysentery. Eosinophilia is 
commonly seen in peripheral blood smears. Chronic 
infection has been associated with impaired physical 
and intellectual health of children and diminished work 
capacity and productivity of adults in endemic regions. 
The diagnosis of hookworm disease is made by recovery 
of characteristic eggs in the feces (see Plate 3-55).
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perineal areas. Some patients, however, experience 
vague abdominal discomfort, loss of appetite, nausea, 
indigestion, diarrhea or constipation, pruritus ani, and 
nervous disturbances, including headache, dizziness, 
and irritability. Proglottids lodged in the lumen of the 
appendix may sometimes produce symptoms of appen-
dicitis. A rare but serious complication may evolve 
when a mass of tangled proglottids causes intestinal 
obstruction. Immunologic reactions may be found, 
including urticaria, pruritus, skin disorders, and 

parasItIc DIseases: taenIasIs 
causeD By Taenia saginaTa

Taeniasis is a parasitosis produced by Taenia saginata 
(beef tapeworm), a cestode of the phylum Platyhel-
minthes. The definitive hosts of this cestode are 
humans, who harbor the adult worm, and the interme-
diate hosts are bovine animals, which harbor the larval 
form called Cysticercus bovis. The adult worm measures 
from 4 to 10 m in length, but it may be even longer. It 
inhabits the small intestine, attached to the mucosa of 
the jejunum by means of the scolex. Usually, only one 
parasite is harbored by the host, but on rare occasions 
two or even more may be present. The small, elongate, 
and quadrangular scolex, measuring 1 to 2 mm in diam-
eter and having four hemispherical suckers, is con-
nected by a short and narrow neck to up to 1000 to 
2000 proglottids. In the short and wide (called “imma-
ture”) proglottids that lie behind the neck, the genital 
organs are not yet developed. Gradually, the proglottids 
increase in breadth and width up to 20 by 7 mm. At this 
stage they are mature, containing functioning male and 
female organs. In mature proglottids, ovules are pro-
duced and fertilized hermaphroditically. Still more dis-
tally the proglottids become elongated and slightly 
narrowed; they contain a uterus that has 15 to 20 lateral 
branches and is crowded with eggs. Gravid proglottids 
become detached successively from the parent worm, 
pass through the colon into the sigmoid and rectum, 
and are either expelled passively in the feces or emerge 
by means of their own motility through the anus. 
Outside the intestine, but eventually also inside, the 
gravid proglottids rupture and set free the eggs. They 
are of spherical shape and are indistinguishable from 
other cestodes. They measure 30 to 40 microns in 
diameter and have a thick, radially striated shell that 
contains the embryo (oncosphere), which has three 
pairs of delicate, lancet-shaped hooklets. The eggs are 
originally enclosed in a thin, easily detachable hyaline 
membrane. When gravid proglottids or eggs, dropped 
on pasture or grazing land, are ingested by cattle, the 
hexacanth embryos hatch in their intestines, bore into 
the venules and lymphatics, and are carried to the skel-
etal muscles, heart, tongue, diaphragm, adipose tissues, 
and other regions, where they develop in 2 to 21

2  
months into the cysticercus stage. Cysticercus bovis 
(bladder worm) measures 7.5 to 10 mm in length and 
has a miniature head like that of the adult worm, invagi-
nated into the fluid-filled vesicle. The larvae remain 
viable in cattle for about a year, after which they become 
calcified. When uncooked or undercooked infested beef 
is eaten by humans, the membranes of cysticerci are 
digested. The embryos evaginate their heads, attach 
themselves to the mucosa of the small intestine, and 
grow into adult worms in about 2 to 3 months.

The infestation with T. saginata is frequently symp-
tomless, the patients complaining only about the incon-
venience resulting from gravid proglottids spontaneously 
discharged from the anus to be found in clothing or 
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peripheral eosinophilia with elevated IgE levels. The 
diagnosis of T. saginata disease is confirmed by recogni-
tion of gravid proglottids in the feces. Examined under 
low-power magnification, they can be differentiated 
from those of Taenia solium by the number of main 
lateral arms of the uterus (15 to 20 on each side). Less 
frequently, the diagnosis is made by recovery of eggs in 
the feces (see Plate 3-55). Eggs of T. saginata, however, 
are morphologically indistinguishable from those of  
T. solium.
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capsule; later, the center of the lesion, including the 
larvae, may caseate or calcify. The symptoms of cysti-
cercosis vary according to the location and number of 
parasites. Most serious consequences result from 
involvement of the brain, particularly after the death of 
larvae, which may induce a local inflammatory reaction. 
The symptoms, which may simulate those of brain 
tumor, meningitis, general paralysis, and other nervous 
diseases, include severe headache, epileptiform seizures, 
motor and sensory disturbances, visual disturbances, 

parasItIc DIseases: taenIasIs 
causeD By Taenia solium 
(CysTiCerCus Cellulosae)

Taenia solium (pork tapeworm) is a cestode parasite 
occurring in countries where raw or inadequately pro-
cessed pork is consumed. The adult worm, living in the 
small intestine of humans, usually attains a length of 2 
to 5 m, rarely more. The globular scolex, measuring 
about 1 mm in diameter, is provided with four cup-
shaped suckers and a rostellum carrying a double row 
of 22 to 32 large and small hooklets, arranged alter-
nately. As in Taenia saginata, a long chain of immature, 
mature, and terminal gravid proglottids follow the 
scolex. Humans infested with T. solium expel gravid 
segments, singly or in short chains, in the feces; unlike 
those of T. saginata, they are not motile. The ova, con-
sisting of a hexacanth embryo surrounded by a spheri-
cal, radially striated shell, 30 to 40 microns in diameter, 
are indistinguishable from that of T. saginata and are 
liberated by the rupture of the proglottids before or 
after leaving the host. When the eggs are ingested by 
hogs, the hexacanth embryos hatch in the intestine, 
bore into blood or lymph vessels, and are carried to 
different parts of the body. They settle most commonly 
in the skeletal muscles, tongue, and heart, where they 
develop in about 2 to 3 months into cysticerci (bladder 
worms). Cysticercus cellulosae, as this larval form is called, 
measures about 5 by 10 mm and consists of an ellipsoi-
dal, fluid-filled vesicle and an invaginated scolex bearing 
four suckers and an apical crown of hooklets. When 
uncooked or undercooked pork containing viable cys-
ticerci is eaten by humans, the cysticerci are digested, 
and the heads evaginate from the vesicle, attach them-
selves to the mucosa of the small intestine, and grow, 
in about 2 to 3 months, into adult worms. The adult T. 
solium in the small intestine produces the same clinical 
manifestations as T. saginata. Because of the shorter 
length of the chain of proglottids, however, it is less 
likely that intestinal obstruction will occur. The diag-
nosis of taeniasis solium is made by the discovery of 
gravid proglottids in the feces; they can be readily dif-
ferentiated from those of T. saginata, because the uterus 
they contain has only 5 to 10 main lateral arms on each 
side of the longitudinal stem. The eggs, morphologi-
cally indistinguishable from those of T. saginata, may 
also be found in the feces (see Plate 3-55).

T. solium may give rise to another much more danger-
ous morbid condition, known as cysticercosis cellulosae, 
resulting from the development of larval forms of this 
parasite in humans. Human cysticercosis, like that of 
the hog, results from ingestion of mature eggs. This 
may occur by swallowing eggs passed by another 
infested person, by the transmission of eggs from anus 
to mouth by the individual who is harboring T. solium, 
or by internal autoinfestation when the ova or gravid 
proglottids reach the stomach by reverse peristalsis. 
Cysticerci may develop in any tissue or organ of the 
body but do so most commonly in the subcutaneous 
tissues (where they can be palpated as smooth, firm 
nodules the size of a pea or larger), and in the brain, 
eyes, and muscles. Around the larvae a cellular reaction 
takes place that leads to the formation of a fibrous 
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deafness, aphasia, and psychiatric manifestations. 
Though clinical signs may be indicative of cysticercosis, 
the definitive diagnosis is made by the excision and 
microscopic examination of a larva. CT or MRI may 
demonstrate cysticerci in soft tissues, including the 
brain; plain roentgenograms may identify lesions after 
calcification of the larvae has occurred. Serology may 
help confirm a diagnosis of cysticercosis, but may be 
falsely elevated in patients infected with other cestodes 
due to cross-reacting antibodies.
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seizures. A slight to intense eosinophilia may be present. 
The diagnosis of hymenolepiasis nana is made by the 
recovery of the characteristic eggs from the feces.

Nonhuman animals may play a role in the life  
cycle of H. nana as well. Strains of H. nana may be 
adapted to nonhuman hosts. Rodents, especially  
rats and mice, may also serve as a definitive host, and 
certain insects (arthropods, fleas, mealworms) may 
allow cysticercoids to develop after ingestion of eggs 
that have been released into the environment. Rodents 
may thus play a role in shedding eggs into the 

parasItIc DIseases: 
Hymenolepiasis nana

Hymenolepis nana (dwarf tapeworm) is the most common 
tapeworm in humans. It is cosmopolitan in its distribu-
tion but is encountered in warm climates more fre-
quently than in cold ones. In humans, the adult worm, 
measuring from 25 to 40 mm in length and from 0.8 to 
1 mm in breadth, inhabits the small intestine, where it 
is attached to the mucosa by means of the scolex. The 
minute globular scolex, about 0.3 mm in diameter, bears 
four cup-shaped suckers and a short rostellum, armed 
with a single ring of 20 to 30 hooklets, capable of 
invagination into the apex of the organ. A long and 
slender neck connects the scolex to a chain of about 200 
or more immature, mature, and gravid proglottids, 
which are more broad than long. The most distal gravid 
proglottids disintegrate gradually and release eggs. The 
spherical or subspherical, hyaline eggs, measuring 30 to 
50 microns in diameter, have an outer and an inner 
envelope; the inner envelope (embryophore) has two 
polar thickenings, from each of which arise from four 
to eight thin, wavy, polar filaments that lie in the space 
between the two membranes. The embryophore 
encloses the embryo that has three pairs of lancet-
shaped hooklets. These eggs are passed in the feces and 
are immediately infective for the same or another 
person. In the small intestine the ingested embryo is 
liberated and penetrates a villus, where, in about 3 to 4 
days, it develops into a cysticercoid larva. This larva 
then migrates into the intestinal lumen and becomes 
attached by its scolex to the mucosa farther down in the 
small intestine, where, in the course of 2 weeks or more, 
it grows into an adult worm. No intermediate host is 
required for the completion of the life cycle. Infestation 
of humans occurs by ingestion of food or water con-
taminated by eggs, autoinfestation through contami-
nated hands resulting in fecal-oral inoculation, or 
through autoinfection or hyperinfection whereby ova 
released in the small intestine may penetrate a villous 
to complete the life cycle without being released into 
the environment. Individual worms may live 1 year, but 
the infestation may persist for many years due to auto-
infestation. Infestation with H. nana may be intense; the 
presence of several hundred worms is not unusual; 
infestations with several thousand specimens are on 
record. Heavy infestations may be due to internal auto-
infestation as a result of immune suppression.

The majority of persons infested with H. nana have 
no clinical manifestations. These occur usually only in 
the presence of a large number of parasites. Irritation 
of the intestinal mucosa may result in diarrhea and 
cramps. The absorption of the metabolic wastes of the 
worms, particularly in children, may give rise to head-
ache, dizziness, insomnia, and, rarely, to epileptiform 
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environment. Accidental ingestion of infected insects 
may also contribute to H. nana infestation in both 
rodents and humans.

A related cestode, Hymenolepis diminuta, may occa-
sionally infest humans as well. H. diminuta is a common 
tapeworm of rats and mice and has various arthropods 
as intermediate hosts. The eggs of this cestode are 
passed in the feces and are morphologically similar to 
those of H. nana. They can be distinguished however, 
by their greater size (70 to 80 µm by 60 to 80 µm) and 
the absence of polar filaments compared with H. nana.
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cooked infested fish is eaten by humans or another 
susceptible host, the plerocercoid larva attaches itself to 
the mucosa of the small intestine and grows, in about 
3 weeks, into an adult D. latum. Nonhuman hosts such 
as bears, seals, cats, foxes, and wolves may also serve as 
a definitive host.

Many cases of diphyllobothriasis remain subclinical. 
Some, however, present a variety of clinical manifesta-
tions, including weakness, abdominal pain, diarrhea, 

parasItIc DIseases: 
DIphylloBothrIasIs

Diphyllobothriasis is parasitism produced by the adult 
form of the cestode Diphyllobothrium latum (fish or 
broad tapeworm). This parasite is found chiefly in the 
northern temperate regions where fresh-water fish con-
stitute a major portion of the diet of the population. In 
Europe the most important foci are situated in the 
Baltic countries, in the region of the Alpine lakes of 
Switzerland, France, Italy, and Germany, and in the 
delta of the Danube River and lower Volga River basin. 
In Asia this tapeworm is found throughout extensive 
areas in Siberia, northeastern China, and Japan. In 
North America several foci are known, particularly in 
the Great Lakes region, Alaska, and Canada. Other 
endemic foci exist worldwide, including Chile and 
Uganda. The adult worm ranges in length from 2 to 
12 m. The elongated, almond-shaped scolex, which 
attaches to the mucosa of the small intestine, measures 
from 2 to 3 mm in length by 1 mm in breadth and is 
provided with a dorsal and a ventral sucking groove 
(bothrium). An attenuated neck, several times the 
length of the scolex, is followed by a chain of more than 
3000 proglottids. The distal part of the strobila is 
formed by mature proglottids that contain minute 
spherical testes, a bilobate ovary, and a coiled rosettelike 
uterus provided with an opening (laying orifice or birth 
pore) in the midventral line just behind the genital pore. 
Through the laying orifice fertilized eggs are evacuated 
periodically; it is estimated that a single worm may 
discharge as many as one million eggs daily. The gravid 
proglottids normally do not separate from the parent 
worm; they are sloughed off only after completing their 
reproductive function. The ovoid eggs, their mean size 
being 70 by 45 microns, have a single shell with an 
inconspicuous operculum at one end; when expelled in 
the feces, they contain immature embryos. Reaching 
water, the eggs hatch at a favorable temperature in 
about 2 weeks. The embryo (called coracidium), escapes 
through the opercular opening and swims in the water. 
If it is to develop further, it must be swallowed by a 
suitable first intermediate host, usually a crustacean of 
the genus Cyclops or Diaptomus. In these crustaceans the 
coracidium metamorphoses within 2 to 3 weeks into a 
procercoid larva, which is a spindle-shaped organism 
(about 500 microns in size) having a cephalic invagina-
tion and a posterior spherical appendage provided with 
hooklets. When the infested crustacean is ingested by 
a suitable species of plankton-eating fresh-water fish, 
the procercoid larva penetrates the viscera, muscles, and 
connective tissues and develops within 1 to 4 weeks into 
an elongated, wormlike plerocercoid or sparganum 
larva, measuring from 10 to 20 mm in length and from 
2 to 3 mm in breadth. When these fish are eaten by 
larger carnivorous fish, the sparganum migrates to the 
tissues of the new host. When a raw or insufficiently 
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weight loss, salt craving, dizziness, anorexia, or exag-
gerated appetite. The mass of tangled proglottids, espe-
cially when more than one parasite is harbored, may 
produce intestinal obstruction. Occasionally, D. latum 
infestation is associated with macrocytic, hyperchromic 
anemia, usually referred to as bothriocephalus anemia, 
associated with vitamin B12 deficiency. The diagnosis of 
diphyllobothriasis is made by demonstration of the 
characteristic eggs in the feces.
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mammals and birds, human infection is acquired by 
ingestion of infected salmonoid freshwater fish or their 
eggs. Symptoms include abdominal pain, gas, and 
bloating.

Intestinal helminthic infestations, though eventually 
suspected on the ground of clinical symptoms or  
blood eosinophilia, are ultimately diagnosed by the 
recovery of ova, larvae, adult parasites, or parts of them 
(proglottids) in the feces, scrapings from anal or peri-
anal regions, gastric or duodenal aspirates, and, eventu-
ally, in other body fluids or tissues. A diagnosis of 
cysticercosis from T. solium may be made from radio-
logic studies showing characteristic cysticerci in the 
brain. For parasitologic fecal examination, many differ-
ent methods are used. The most simple is direct 

helmInths anD protozoa 
InfestIng human IntestIne

Helminths are responsible for the overwhelming major-
ity of all intestinal helminthic infestations in humans. 
However, a few other worms may be encountered with 
lesser frequency. Several species of hermaphroditic 
intestinal flukes are found in human populations with 
special food habits. Fasciolopsis buski, a fleshy, elongated-
ovoid trematode flatworm, living in the small intestine 
of a human or porcine host is found in south and south-
eastern Asia. Its ovoid operculate eggs, about 135 
microns long, are discharged in the feces and hatch in 
water. Miracidia that escape from them penetrate 
appropriate snails, pass through different evolutional 
stages, and emerge again as cercariae, which then encyst 
on aquatic vegetation. Humans acquire the parasite by 
consuming raw or poorly cooked infested plants. In the 
small intestine, the flukes, attached to the mucosa, 
produce inflammatory reaction and ulcers. The infec-
tion is usually asymptomatic but may give rise to 
abdominal pain, diarrhea, anasarca, and ascites. Ten 
species of Echinostoma can infect humans, and cases are 
most common in Southeast Asia where undercooked 
fresh-water snails, clams, and fish are eaten. The adult 
fluke, measuring 2.5 to 6.5 mm, inhabits the small 
intestine of birds, mammals, and humans. The eggs are 
discharged in the feces. The life cycle of this worm 
involves two different intermediate mollusk hosts; 
humans acquire the infestation by eating the second 
intermediate host raw or insufficiently cooked. Low 
parasite burdens cause limited disease. More severe 
infestations may be clinically indistinguishable from 
fasciolopsis. Heterophyes and Metagonimus are similar 
organisms that represent over 10 species that can infect 
humans or animal or avian hosts, the most common of 
which are Heterophyes heterophyes, which is found in 
North Africa, Iran, and Turkey, and Metagonimus yok-
ogawai, which is found in Southeast Asia. This fluke (1 
to 2 mm long) lives in the small intestine of the defini-
tive host. Eggs are passed in the feces; upon reaching 
water and being ingested by appropriate species of 
snails, they hatch; miracidia pass through various devel-
opmental stages, and emerge again as cercariae that 
penetrate under the scales of various species of fresh-
water fish, where they encyst. The definitive host 
becomes infested by the parasite by eating raw or insuf-
ficiently cooked infested fish. The adult flukes may 
produce a mild inflammatory reaction at the attachment 
sites; intestinal symptoms occur only in heavy infesta-
tions. Eggs may also embolize the heart or brain, 
causing local tissue damage. The different species of the 
nematode genus Trichostrongylus, parasites of herbivo-
rous mammals, are reported with increasing frequency 
in humans. The same applies also to Hymenolepis 
diminuta, the rat tapeworm. Capillaria philippinensis is a 
small intestinal nematode morphologically similar to 
Trichuris trichiura that is most prevalent in the Philip-
pines, but is also seen in the Middle East and Southeast 
Asia. C. philippinensis is acquired by consumption of 
infected fresh-water fish that harbor the infectious 
larvae in muscle. C. philippinensis is capable of autoinfec-
tion through gut mucosa and can cause a hyperinfection 
syndrome, leading to diarrhea, malabsorption, wasting, 
and ascites. Nanophyetus salmincola is seen in the Pacific 
Northwest of the United States. Normally a parasite of 
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microscopic examination of fecal material spread thinly 
on a slide. For detection of light infestations, a number 
of concentration methods consisting of sedimentation, 
flotation, and centrifugation have been described. The 
search for parasitic eggs in anal and perianal regions is 
indicated mostly when enterobiasis or taeniasis is sus-
pected. Many methods and devices for obtaining mate-
rial from anal and perianal areas have been described. 
Of all common helminthic infestations, strongyloidiasis 
is the only one in which normally rhabditiform larvae, 
and not ova, are found in freshly voided feces; they can 
be differentiated from those of hookworms (found only 
in stools that have been excreted some time before 
examination) chiefly by a shorter buccal vestibule and 
larger rudimental genital organs. In individuals infested 
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cysts, their life cycles include a trophozoite and a cystic 
stage. The intestinal flagellates do not invade the 
tissues. G. lamblia adheres to intestinal epithelium, 
leading to diarrhea, anorexia, and flatulence. This may 
be chronic in immunocompromising conditions and is 
often exacerbated by the onset of an acquired intestinal 
disaccharidase deficiency. The other flagellates likely 
lead only to asymptomatic carriage. The coccidium Cys-
toisospora belli is a cause of diarrhea in returning travelers 
from tropical and subtropical environments and a cause 
of chronic diarrhea with AIDS. Cyclospora cayetanensis is 
found worldwide and usually cause asymptomatic car-
riage in indigenous hosts, but has been associated with 
diarrhea in travelers returning from developing areas or 
in importation of contaminated foods. Cryptosporidium 
parvum and Cryptosporidium hominis are intracellular 

with liver, blood, or lung flukes, the eggs of these para-
sites, discharged via the intestine or (in the lung-fluke 
parasitism) reaching the intestine with the swallowed 
sputum, can be found in the feces. The ova of some 
phytoparasitic nematodes, particularly Heterodera 
marioni, which inhabits root vegetables such as radishes 
and turnips, may also be observed in the human feces, 
having been ingested with infested vegetables and  
set free in the intestine, through which they pass 
undamaged.

The human intestine may be invaded not only by 
helminthic but also by protozoan parasites. Entamoeba 
histolytica is the most important (see Plates 3-57 and 
3-58). Other species of amoebae that live in the large 
intestine of humans include Blastocystis hominis, Ent-
amoeba coli, Entamoeba dispar, Entamoeba hartmanni, Ent-
amoeba polecki, Endolimax nana, and Iodamoeba bütschlii. 
These amoeba are rarely associated with symptoms and 
are generally not considered pathogenic. They would 
be of very little consequence if it were not for the 
danger of confusion between them and E. histolytica. 
Their life cycle is similar to that of E. histolytica, but 
they do not invade intestinal tissues. In the feces they 
appear as trophozoites or, more commonly, as cysts. 
Trophozoites usually perish soon after leaving the body. 
Identification of nonpathogenic amoebae has been 
associated with poorer sanitary environments. The tro-
phozoites of intestinal amoebae can be identified and 
differentiated morphologically by their size, motility, 
form of pseudopodia, endoplastic inclusions, and 
nuclear structure. The characteristics by which the 
cysts can be differentiated concern the size, shape, 
number of nuclei, and their structure, chromatoid 
bodies, glycogen vacuoles, and the presence or absence 
of a cyst wall. E. histolytica may be documented by direct 
examination of fecal samples or mucosal biopsy, or by 
antigen detection in stool. Serologic assays may be posi-
tive with extracolonic manifestations. The only known 
pathogenic ciliate parasite in humans is Balantidium coli. 
This large protozoon (usually 50 to 100 microns in 
length) inhabits the large intestine of pigs, monkeys, 
and human beings. The trophozoites are actively motile 
and have oval bodies covered with short, delicate cilia. 
The granular endoplasm contains two contractile and 
several food vacuoles, a kidney-shaped macronucleus, 
and a micronucleus. The cysts are spherical or oval in 
shape and have a double-outlined wall that encloses a 
clearly differentiated Balantidium. In older cysts, 
however, the outline of the organism is lost, and all 
structures except the granular cytoplasm, macronu-
cleus, and a contractile vacuole disappear. The majority 
of individuals suffering from balantidiasis are asymp-
tomatic or have mild diarrhea. However, B. coli may 
invade the intestinal tissues and produce ulcerations 
similar to those caused by E. histolytica or microperfora-
tions that may lead to bacterial sepsis. The flagellate 
protozoa that can be found in the human intestine 
include Giardia lamblia, Chilomastix mesnili, Trichomonas 
hominis, Embadomonas intestinalis, Enteromonas hominis, 
and Dientamoeba fragilis. With the exception of T. 
hominis and D. fragilis, which are not known to form 
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protozoan parasites that have worldwide distribution. 
They are acquired through direct person-to-person 
spread or drinking water sources that have been con-
taminated by infected animals, usually cows or humans. 
Outbreaks have occurred in settings of contaminated 
public water sources. Symptoms include watery  
diarrhea, which may be debilitating in the immune 
compromised.

The diagnosis of intestinal protozoan infestations is 
usually made by microscopic examination of the feces 
with identification of the trophozoite or cyst form of 
the organism using wet mount or iodine on fresh or 
concentrated specimens. Modified acid-fast stains will 
identify Cystoisospora, Cryptosporidium, and Cyclospora. In 
addition, cysts of Cystoisospora and Cyclospora will auto-
fluoresce under ultraviolet light.

helmInths anD protozoa 
InfestIng human  
IntestIne (Continued)
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result of a complex balance between parasites and the 
environment offered by the host. E. histolytica exists as 
a spectrum of zymodemes based on electrophoretic iso-
enzyme patterns, with some zymodemes being associ-
ated with more symptomatic disease than others. 
Asymptomatic “carriers” or “cyst passers,” who have no 
or only slight symptoms, are the most important source 
of infection. E. histolytica may invade the large intestine, 
primarily in the cecum, sigmoid, and rectum. The small 
bowel is rarely affected, and then only in the terminal 

ameBIasIs

Amebiasis is an infectious disease transmitted from 
human to human. It is caused by Entamoeba histolytica, 
a protozoan of the class Rhizopoda and of the genus 
Entamoeba. Other nonpathogenic or low-pathogenic 
ameba species may be seen in clinical specimens. 
Although more frequently observed in warm climates, 
amebiasis is ubiquitous. The prevalence has been esti-
mated at about 10% of the global population, with an 
increased incidence noted in Mexico, South Africa, 
South Asia, and Southeast Asia. The prevalence in 
North America is less than 3%, but it is higher in 
certain demographic populations, including institution-
alized patients and men who have sex with men (MSM), 
and in certain geographic areas where residents have a 
lower socioeconomic standing, such as Native Ameri-
can reservations. An increased incidence is related to 
poor sanitation.

The life cycle of E. histolytica is characterized by several 
stages. The motile and vegetative form, or trophozoite, 
multiplies by fission in the intestinal lumen and within 
the tissues of the host and perishes when eliminated in 
the feces. It varies in size from 15 to 60 microns and is 
made up of two distinguishable portions of cytoplasm, 
the clear, glasslike ectoplasm and the finely granulated 
endoplasm, in which the nucleus is located and which 
contains ingested substances such as erythrocytes. The 
trophozoite moves by means of pseudopodia, formed 
by the ectoplasm, as may be observed microscopically 
in fresh and still-warm stool specimens. In cool stool 
the motility is absent or very sluggish. In the second 
stage of the cycle, the mature trophozoite encysts and 
develops into the precystic form, which still may be 
equipped with pseudopodia. The precyst develops a 
cyst wall and matures into a cyst containing one, two, 
or four nuclei. The encystation occurs only in the intes-
tinal lumen and never in other host tissues. Once cysts 
develop in the host, they are excreted with the stool. 
Cysts are the infective form of E. histolytica and are 
ingested via direct person-to-person transmission or 
fecal contamination of food and water. Ingested tropho-
zoites are not infectious, because they are degraded by 
the digestive gastric juices. In contrast, cysts are very 
resistant and survive in nature under the most unfavor-
able conditions. Transmission may be facilitated by 
poor hand hygiene during food preparation, direct fecal 
contamination of the environment, flies or other insects 
transmitting the organism from feces to food, or use of 
contaminated human excreta (night soil) for fertilizing 
vegetable crops. Transmission in the settings of residen-
tial facilities for the elderly or mentally disabled, 
prisons, and child care centers have been described.

The organism passes through a tear in the cyst’s mem-
brane (excystation) in the distal small bowel, releasing a 
metacystic ameba that contains four nuclei. From each 
nucleus and accompanying cytoplasm, a uninucleate 
trophozoite develops. Further division and develop-
ment leads to eight uninuclear trophozoites. The tro-
phozoite actively grows and divides, and is the invasive 
form of the organism. It may invade the colonic mucosa 
to multiply either in the lumen or, usually, within the gut 
wall. In settings of diarrhea or dysentery, mature tro-
phozoites may be excreted into the stool. With slower 
bowel motility and more formed stool, the trophozoites 
develop a cyst wall and undergo nuclear division to form 
quadrinucleate cysts before expulsion.

The pathogenicity of E. histolytica depends on many 
factors, with the degree of tissue invasion being the 
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FECAL-ORAL SPREAD OF DISEASE

ileum. Invasion is facilitated by release of cytotoxic and 
proteolytic enzymes and phagocytosis of host cells. 
Host factors such as nutritional deficiencies, dietary 
intake, and stress contribute to invasion. The earliest 
lesions in the mucosa consist of pinhead-sized, hyper-
emic and edematous areas or small yellow papules that 
evolve into ulcers. The ulcers may contain actively 
motile trophozoites in a viscous milieu of necrotic 
tissue. Inflammatory reactions around the ulcers are 
usually the result of secondary bacterial invasion. 
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the intestinal exudate is composed of mucus, erythro-
cytes, and very little cellular debris, in bacillary dysen-
tery it is rich in neutrophils and phagocytic endothelial 
macrophage cells. Diverticulitis and noninfectious  
conditions such as ischemic bowel, ulcerative colitis, 
polyposis, and Crohn disease may have a similar pre-
sentation. In chronic amebic dysentery, amebic granu-
loma (or ameboma), resulting from an exuberant 
granulating fibroblastic response to repeated local 
amebic invasion, may easily be confused with malignant 

Amebic ulcers, smaller but deeper than the more diffuse 
ones caused by shigellae, spread in the submucosa, pro-
ducing undermined edges and even tunnels, which 
connect adjacent lesions. Amebae may be carried to the 
liver, lung, pleura, brain, skin, or pericardium by way 
of the bloodstream, and rarely through the lymphatics, 
where they incite abscesses. Amebic invasion may cross 
tissue planes, leading to invasion of the intestinal mus-
cular coat, intestinal perforation, or peritoneal involve-
ment. Direct extension of lesions through the skin  
from contiguous sites such as liver abscesses or rectal 
or anal lesions may be seen. The incidence of extrain-
testinal amebiasis has decreased considerably, probably 
because of the availability of effective amebicides and 
antibiotics.

The majority of people infected by E. histolytica have 
no symptoms, even though they may suffer from deep 
and extensive ulcerations. In others, amebic dysentery 
begins insidiously with vague abdominal sensations. 
The classic clinical picture of the acute form is charac-
terized by mucous, bloody bowel discharges, tenesmus, 
abdominal pain, fever, and sometimes vomiting. More 
commonly, chronic, nonspecific gastrointestinal distur-
bances, such as constipation alternating with bouts of 
diarrhea, abdominal tenderness, generalized or con-
fined to the lower or upper quadrant, combined with 
epigastric fullness after meals, nausea, malaise, aeropha-
gia, and eructations, are experienced.

An amebic infection should be considered in any 
person presenting with diarrhea of long-standing dura-
tion. The diagnosis is established by demonstrating the 
trophozoites or cysts in a freshly passed, still-warm fecal 
specimen. Trophozoites may degrade after 30 minutes 
of passage unless the stool is fixed or refrigerated. The 
passage of amebic cysts and trophozoites may be inter-
mittent; collection of three samples over 6 days increases 
the sensitivity to 70% to 90% compared with a single 
stool collection. Rectosigmoidoscopy permits recognition 
of the pathognomonic, scattered, pinpoint ulcers or, in 
the early stages, of petechiae or yellowish elevations 
with hyperemic margins marking the site of future 
ulcers. Very rarely, large, undermined, oval-shaped 
ulcers are encountered. In the chronic stage the mucosa 
may appear normal or may have a granular surface with 
scattered red areas that bleed easily. Antigen detection 
in stool may be helpful for acute disease, and can dif-
ferentiate between E. histolytica and a nonpathogenic 
ameba. Serology is useful in certain settings. Up to 35% 
of a population in highly endemic areas may have posi-
tive serologic findings due to past infection. Thus a 
positive test is most useful for diagnosis of amebiasis in 
returning expatriates who present with symptomatic 
disease after exposure to a highly endemic environ-
ment. A negative serologic test may help to rule out 
amebiasis in areas of high prevalence.

The differential diagnosis of amebiasis may be broad 
because of the many other illnesses that present with 
diarrhea. Care must be taken in differentiating amebia-
sis from other infectious causes of acute bloody stools, 
including E. coli, Salmonella, Shigella, Campylobacter, C. 
difficile, and Vibrio, as well as other protozoal infections 
and intestinal tuberculosis. Bacillary dysentery can be 
excluded by microscopic examination of the feces and 
bacteriologic techniques. Whereas in amebic dysentery 
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HISTOLOGY AND SCOPE IMAGES

intestinal tumors or inflammatory granuloma of other 
origin. The clinical differentiation between a chronic 
amebic typhlitis and chronic appendicitis is difficult 
except by the success of antiamebic therapy. Diagnosis 
is further complicated by the fact that patients who  
have the other compounding medical conditions noted 
above may also have symptomatic or asymptomatic 
amebic infection, and may excrete trophozoites or cysts. 
Thus, the identification of cysts or trophozoites in the 
feces may be unrelated to the acute medical issue.

ameBIasIs (Continued)



	 Lower	Digestive	Tract:	PART	II

174	 THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS

by a clear halo of capsular material in focal abscesses or 
polyps, ulcerations, or strictures.

HIV-associated malignant diseases may occasionally 
involve the gastrointestinal tract. Kaposi sarcoma is a 
multicentric proliferation of endothelial cells that can 
involve the viscera. Macroscopically, lesions are viola-
ceous macules, papules, or polyps, and are often seen in 
association with dermatologic lesions. Biopsy demon-
strates characteristic spindle-shaped cells, atypical 
endothelial cells, and extravasated red cells. HIV-
associated lymphomas are typically B-cell lymphomas 

DIsorDers seen WIth  
hIv/aIDs

The lower gastrointestinal system is a common location 
for complications and infections associated with HIV/
AIDS. The spectrum of pathogens and conditions 
encountered mimics the HIV-negative population and 
may include bacterial, protozoal, fungal, viral, or  
neoplastic conditions. Additionally, infections in the 
HIV-positive individual may be due to unique exposure 
events and personal behaviors and/or due to progressive 
T-cell immune deficiency that may lead to exacerbation 
or more severe manifestations of infections that  
may occur in normal hosts (see table on right). Patients 
with immune suppression from HIV/AIDS have an 
increased incidence and severity of disease caused by 
the protozoan pathogens Cryptosporidia, Cystoisospora, 
Giardia, Microsporidia, by Strongyloides, and by the 
bacterial pathogens Mycobacterium tuberculosis, Clostrid-
ium difficile, Salmonella, Shigella, and Campylobacter, 
among others.

Cytomegalovirus (CMV) can have many manifesta-
tions in AIDS, including involvement of the entire gas-
trointestinal tract with the hepatobiliary tree. CMV 
colitis may be seen with advanced HIV and fewer  
than 50 CD4 cells per microliter and is characterized 
by ulceration of the mucosa that can vary from punctate 
or shallow lesions to deep ulcers and necrotizing  
colitis. Diarrhea, abdominal pain, anorexia, weight loss, 
tenesmus, and watery diarrhea may be seen. Ulceration 
can lead to significant and life-threatening hemorrhage. 
The diagnosis is established by direct visualization  
of the lesions, with biopsy demonstrating CMV 
inclusions.

Mycobacterium avium-intracellulare causes a systemic 
illness with advanced AIDS that may have focal gastro-
intestinal tract manifestations. Systemic symptoms of 
fever and weight loss are common. Mesenteric adenitis, 
abdominal pain, and diarrhea may be seen with gastro-
intestinal involvement. Endoscopy may reveal multiple 
raised nodules, ulceration, erythema, edema, or friabil-
ity, or may be entirely normal. The diagnosis is estab-
lished by biopsy of the luminal wall demonstrating 
acid-fast bacilli. Blood cultures and stool smears and 
cultures for acid-fast bacilli may also aid in the 
diagnosis.

Bartonella henselae, the agent of cat-scratch fever, and 
Bartonella quintana, the agent of trench fever, may cause 
a syndrome of disseminated disease with liver involve-
ment (peliosis hepatis) and angiomatous skin lesions. 
Cats are the reservoir for B. henselae, with transmission 
through direct contact such as bites or scratches,  
or mediated by the bite of an infected flea vector.  
B. quintana has a human reservoir and is transmitted by 
the body louse. Focal involvement of colonic mucosa 
may lead to angiomatous lesions demonstrated on 
endoscopy.

Histoplasma capsulatum is the most common dimor-
phic fungus in HIV-infected patients. Although it 
causes a disseminated infection, focal gastrointestinal 
disease can be seen. It may cause diarrhea, abdominal 
pain, and weight loss. Pathologic findings include 
inflamed mucosa, ulceration, or polyps. The ileocecal 
region is most commonly involved. Diagnosis is made 
by demonstrating fungal hyphae in biopsy specimens. 
Cryptococcus neoformans and Cryptococcus gattii may infect 
the colon, usually in the setting of disseminated infec-
tion. Biopsy reveals round fungal organisms surrounded 
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that can occasionally affect the small or large 
intestine.

AIDS enteropathy is a chronic diarrheal and malab-
sorption disease usually seen with advanced HIV infec-
tion and is thought to be due to direct or indirect effects 
of the virus on the enteric mucosa. It is characterized 
pathologically by villous atrophy, lymphocytic infiltra-
tion of the epithelium, crypt hyperplasia, and the 
absence of defined pathogens. HIV enteropathy is a 
diagnosis of exclusion and can be made only after other 
forms of diarrheal illness have been ruled out.
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Clostridium difficile is a gram-positive, anaerobic, spore-
forming bacillus that can cause colonic inflammation in 
patients with disturbance of the normal gut flora, espe-
cially as a result of antibiotic intake. After colonizing 
the bowel, the bacteria release toxin A (enterotoxin)  
and toxin B (cytotoxin), which cause mucosal inflamma-
tion. C. difficile is one of the most common causes of 
nosocomial infections, partly due to widespread use of 
antibiotics and to heat- and alcohol-resistant spores. 
Transmission occurs via the fecal-oral route.

Recent antibiotic use is the strongest risk factor. 
Other risks include recent hospitalization, older age, 
history of C. difficile infection (CDI), underlying inflam-
matory bowel diseases, use of immunosuppressive med-
ications, or a weakened immune system. Proton pump 
inhibitors may also increase the risk due to suppression 
of gastric acid, although this is controversial.

Asymptomatic carriers are infected individuals who 
do not have symptoms but who may play an important 
role in the transmission of infection.

Most symptomatic patients present with abdominal 
pain, watery diarrhea (which is rarely bloody), anorexia, 
and fatigue. Patients may be dehydrated and/or have a 
fever. Abdominal tenderness is not uncommon.

Less than 5% of patients may present with fulminant 
colitis, which may lead to severe complications, includ-
ing colonic perforation and toxic megacolon. It is 
important to know that diarrhea may be absent in 
severe disease when ileus is present.

The hypervirulent strain of C. difficile called NAP1 is 
associated with more severe disease.

Leukocytosis and electrolyte abnormalities, espe-
cially a rise in the creatinine level, can be present. 
Hypoalbuminemia and elevated lactate levels may be 
seen in severe cases. Stool examination may show fecal 
leukocytes or red blood cells. Available stool assays for 
diagnosis include the following:

1. Cell culture cytotoxicity assay, the gold standard 
test, has a very high sensitivity, but the result takes 
a long time.

2. Enzyme immunoassay for C. difficile glutamate 
dehydrogenase is very sensitive but cannot dif-
ferentiate between toxigenic and nontoxigenic 
strains; it may be a useful initial screening test.

3. Enzyme immunoassay for C. difficile toxins A and 
B has a high specificity but a relatively lower 
sensitivity.

4. Polymerase chain reaction testing may be used to 
detect the C. difficile toxin A and B gene and is an 
alternative gold standard to stool culture.

Other stool assays include the latex agglutination 
technique and stool cytotoxin test. Abdominal x-ray and 
CT scanning are the imaging modalities for evaluation 
of possible complications.

Sigmoidoscopy or colonoscopy may be considered in 
cases in which there is a high clinical suspicion for CDI 
with negative stool tests, atypical presentation with 
minimal diarrhea, or failure of response to treatment, 
but the procedures carry additional risks. The classic 
feature of CDI is the presence of yellowish-white raised 
plaques called pseudomembranes overlying the erythema-
tous mucosa; in mild to moderate cases, however, the 
endoscopic evaluation may reveal normal mucosa or 
nonspecific colitis.

Treatment is based on the severity of infection. Asymp-
tomatic carriers usually do not require treatment.

In symptomatic patients, fluid and electrolyte 
replacement should be considered and the causative 
antibiotic should be discontinued, if possible. The  
most common antibiotics being used for treating CDI 
include metronidazole, vancomycin, and fidaxomicin. 
Surgical intervention is required in fulminant cases with 
no response to medical treatment.

Relapse occurs in 25% of patients because of reinfection 
or germination of the residual spores. Once the patient has 
one relapse, the risk for a second relapse increases to 45%. 
The choice of antibiotic for the first relapse is based on the 
severity of infection. For relapses beyond the first one, a 
tapered or pulsed regimen of vancomycin or a course of 
fidaxomicin should be considered.

Treatment with intravenous immunoglobulin (IVIG) 
has been used in refractory cases with some response. 

Fecal microbiota transplantation via fecal enema or 
infusion through the nasogastric tube or colonoscopy 
to repopulate the normal colonic flora is the most effec-
tive method for treatment of recurrent CDI. Although 
probiotics are not recommended for treatment of active 
disease, they may have a role in preventing infection 
associated with antibiotic use.

Saccharomyces boulardii may be effective for secondary 
prevention in some patient populations during treat-
ment with antibiotics. Improving the antimicrobial  
prescribing practice, washing the hands properly,  
isolating infected patients, and decontaminating the 
environment with solutions containing chlorine can 
decrease the transmission rate. Fecal microbiota trans-
plant can be considered for recurrent Clostridium difficile 
infection.
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positive fecal leukocyte test will guide a practitioner to 
start empirical antibiotic treatment while stool cultures 
are pending. A negative fecal leukocyte test indicates 
that supportive therapy only is needed.

Most cases of infectious diarrhea need supportive 
care and will resolve spontaneously without therapy. 
First-line therapy is usually oral rehydration, which is 
a mix of sodium chloride, water, and glucose solution. 
Intravenous therapy should be reserved for patients 

fooD poIsonIng anD 
InfectIous DIarrhea

The Centers for Disease Control estimates that nearly 
one in six persons in the United States gets food poison-
ing annually, leading to 128,000 hospitalizations and 
nearly 3000 deaths. Causes of food poisoning can be 
split into three categories. The first includes illnesses 
caused by the ingestion of preformed toxins, such as 
Bacillus cereus and Staphylococcus aureus. The second type 
includes bacterial diseases in which toxins are released 
after ingestion of bacteria, such as Vibrio cholerae and 
enterotoxigenic Escherichia coli (ETEC). The final 
category of infection includes invasive forms, such as 
Campylobacter jejuni and enteroinvasive Escherichia coli 
(EIEC), which can lead to systemic infection.

Food poisoning and other forms of infectious diar-
rhea can be caused by bacteria, parasites, and viruses. 
Causes of infectious diarrhea are almost always acute; 
however, some illnesses such as giardiasis can persist for 
longer than 14 days. A detailed social history is crucial 
with possible food poisoning, and should focus on the 
patient’s travel history, diet, and contact with sick 
persons. It is also important that the detailed history 
and physical examination focus on key elements that 
would suggest an infectious cause other than food 
ingestion. For example, a recent history of antibiotic 
therapy with clindamycin or fluoroquinolone could 
suggest Clostridium difficile infection, and a history of 
HIV/AIDS may add cryptosporidiosis to the differen-
tial diagnosis. Physical examination findings should rule 
out other gastrointestinal causes while accessing the 
volume status of the patient. Certain vital signs are 
important (e.g., hypotension strongly suggests severe 
diarrheal illness, and fever strongly suggests invasive 
diarrhea). It is important to report all causes of food-
borne illness to the local or state public health 
department.

Most causes of infectious diarrhea are viral and 
usually do not need further workup. Typically, stool 
cultures should not be done, unless a patient presents 
with hypovolemia, bloody diarrhea, six or more stools 
in a day, abdominal pain that has lasted for a week, age 
over 65 years, or immunocompromised status. A 
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Giardia lamblia The acute phase is frequently
described as malodorous
steatorrhea. Chronic infections
usually are reported as loose
stools resulting in weight loss
and malabsorption.

Bloody diarrhea, although 90%
of infections are asymptomatic. 

Profuse watery diarrhea that can
lead to dehydration. Commonly
seen in only immunocompro-
mised patients.

Adenovirus Watery diarrhea.

Astrovirus Watery diarrhea most commonly
seen in children up to the age of
7 but can occur in the elderly
population.

Norovirus Rapid onset of watery diarrhea
that lasts approximately 48-72
hours and can be accompanied
by vomiting.

Rotavirus Watery diarrhea.

Acute onset with vomiting,
diarrhea (bloody or watery) that
is also associated with terminal
ileitis and pseudoappendicitis.

Profuse, watery diarrhea usually
described as “rice-water stool.”

Acute onset diarrhea with
vomiting.

Infectious diarrhea seen with a
high fever and bloody stools.

Watery or mucous diarrhea.

Watery diarrhea.

Infectious, bloody diarrhea.

Colitis associated with antibio-
tics for another infection.
Consequently, the antibiotics
also kill the microbiome of the
gut, allowing for C. diff to
colonize. Also known as
pseudomembranous colitis or
antibiotic-associated colitis.

Infectious, bloody diarrhea with
severe abdominal pain that can
mimic appendicitis and inflam-
matory bowel disease. 

Acute onset diarrhea with
vomiting.

Streams and daycare centers.

Fecal to oral spread.

Fecal to oral spread.

Fecal to oral spread.

Fecal to oral spread.

Fecal to oral spread. The most
common sites for an outbreak
are restaurants, hospitals, long
care facilities, schools, day care
and vacation spots such as
cruises.

Fecal to oral spread.

Meat, water or unpasteurized
milk.

Contamination of a public water
supply with feces.

Cold cuts and dairy-based
products left out too long such
as cold salads with mayonnaise,
deli meats and milk. 

Drinking water and food
contaminated by feces.

Eggs, peanut butter, uncooked
poultry and pet reptiles such as
turtles.

Naturally occurring E. coli of the
GI gut flora picks up virulence
factors, resulting in gastro-
enteritis.

Poorly cooked beef in addition
to vegetables such as onions,
bean sprouts and spinach.

The most common antibiotics
attributed to c. Diff infection are
clindamycin, fluoroquinolones,
cephalosporin family and
penicillin family of antibiotics.

Poultry is cited as the main
source, however, it can be
spread through drinking water
or contact with other animal
products.

Reheated rice or other
carbohydrate-dense foods.

Metronidazole.

Metronidazole and a luminal
agent such as paromomycin.

Immunocompetent patients
usually need supportive therapy.
HIV patients should first start on
HAART therapy, with
nitazoxanide used in select
cases.

Supportive care.

Supportive care.

Supportive care.

Supportive care.

Supportive therapy.

Supportive therapy with a major
focus on volume repletion.

Supportive therapy.

Supportive therapy although
some use antibiotics such as
ciprofloxacin or trimethoprim-
sulfamethoxazole (TMP-SMX).

Supportive therapy.

Supportive therapy.

Supportive therapy. Antibiotic
therapy may result in hemolytic
uremic syndrome (HUS).

Metronidazole is the preferred
treatment while oral vancomycin
is reserved for severe cases.
Both have been shown to have
equal efficacy with metroni-
dazole being more cost effective
and less chance for adverse
outcomes. 

Supportive therapy.

Supportive therapy.

The most common infectious
cause of chronic diarrhea.

Most common parasitic
infection.

Most common viral cause in
humans and usually seen in the
winter season.

A common cause of childhood
diarrhea.

Most common bacterial cause
of gastroenteritis in developed
countries. 

Death usually results from
dehydration.

Symptoms present with within
hours of digestion.

High risk populations are those
with compromised immune
systems or who have poor
nutrition. The most common
species is Shigella flexneri.

Most common cause of
gastroenteritis from food
poisoning.

Sometimes referred to as
traveler’s diarrhea.

O157:H7 is the major strain. 

Oral vancomycin is first-line
therapy in severe or complicated
infections such as WBC>15,000
or when serum creatinine is 1.5x
the patient’s normal level. 

Most common cause of invasive
bacterial gastroenteritis. May be
associated with Guillain-Barre
syndrome.

Symptoms present with within
hours of digestion.

with severe dehydration or inability to tolerate oral 
therapy. Antibiotic therapy is usually reserved for 
certain infections and is started empirically if the infec-
tion is thought to be systemic. Antibiotics are contra-
indicated in patients with enterohemorrhagic Escherichia 
coli (EHEC) infection. This form of E. coli carries the 
virulence factor called the Shiga toxin, which has been 
shown to put patients at higher risk of hemolytic-
uremic syndrome with antibiotic therapy.
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LABORATORY FINDINGS, IMAGING STUDIES, 
AND ENDOSCOPIC EVALUATION

Laboratory findings in patients with UC depend on the 
severity of the disease. The blood tests may show hypo-
chromic anemia, iron deficiency, leukocytosis with a 
shift to the left, thrombocytosis, an elevated sedimenta-
tion rate of erythrocytes, and hypoalbuminemia due to 
the colonic protein loss.

The visual confirmation of inflammatory changes 
and direct sampling of the colonic tissue is done during 
endoscopic evaluation. Early in the disease, the colonic 
mucosa becomes infiltrated with round cells and appears 
erythematous, granular, and friable, with loss of the 
normal vascular pattern and often with scattered hem-
orrhagic areas. In more advanced stages, the round cell 
infiltration extends, and abscesses form in dilated 

ulceratIve colItIs

EPIDEMIOLOGIC FINDINGS

Ulcerative colitis (UC) is one of the two major types of 
inflammatory bowel disease (the other being Crohn 
disease; see Plate 3-66).

In ulcerative colitis the mucosal layer of the colon 
becomes inflamed. The inflammation always involves 
the rectum but can typically extend proximally in a 
continuous fashion. The incidence is estimated to be 
around 1 to 12 persons per 100,000, with a prevalence 
of 35 to 100 persons per 100,000. The disease is more 
frequent in whites. The incidence and prevalence 
appear to be lower in the Middle East and Asia.

ETIOLOGIC FINDINGS

Although the exact cause of UC is unknown, it has been 
postulated that a dysregulated immune system may 
cause an inappropriate immune response to the anti-
genic component of normal commensal intestinal  
bacteria that reside in the intestine of a genetically sus-
ceptible individual.

In large European studies, the concordance rate for 
UC in monozygotic twins was estimated at between 
14% and 19%, whereas in dizygotic twins brought up 
in the same environment, this rate was less than 10%. 
These findings confirm a minor but real role for genet-
ics in the development of the disease.

Some environmental factors may also trigger the 
disease, such as infection, smoking cessation, and  
taking nonsteroidal antiinflammatory drugs (NSAIDs), 
although no single factor has been proven as the con-
sistent trigger.

MANIFESTATIONS

The disease is variable in its extent, severity, and clinical 
course, and our knowledge of many aspects of it is still 
incomplete. In nearly all cases of ulcerative colitis, the 
rectum and rectosigmoid region are involved in a con-
tinuous fashion; the disease appears to start in the distal 
part of the bowel and extend proximally. In the majority 
of severe cases, the disease process has spread over the 
entire colon, but in some cases, only the left colon or 
even only the rectum is affected, while the right colon 
remains unaffected. Mild terminal ileal inflammation 
may occur in patients with ulcerative colitis involving 
the entire colon. This is called backwash ileitis and is 
almost always associated with cecal inflammation.

The symptoms of UC depend on the extent and 
severity of the disease. Most patients present with 
bloody diarrhea and abdominal pain. Some may have 
nocturnal bowel movements, urgency, tenesmus, and 
incontinence. Blood and pus can be present in the stool. 
Fever, weight loss, and anemia may be present in 
varying degrees. Patients may have abdominal tender-
ness often located in the hypogastrium or left lower 
quadrant.

The disease course typically consists of intermittent 
flares alternating with periods of remission; however, a 
small percentage of patients may not be able to achieve 
remission and continue to have active disease.

Patients with toxic megacolon (see Plate 3-85) have 
the most severe type of the disease. These patients have 
nonobstructing dilation (> 6 cm) of the colon with signs 
of systemic toxicity, including fever, tachycardia, leuko-
cytosis, and anemia. Dehydration, electrolyte abnor-
mality, hypotension, and altered mental status may be 
present.
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Mild ulcerative colitis Moderate ulcerative colitis

Severe ulcerative colitis Pseudopolyps in ulcerative colitis

Active chronic colitis with crypt abscess
characteristic of ulcerative colitis but not specific.

Ulcerative colitis, gross. Flat superficial ulcers with
many inflammatory pseudopolyps.

ENDOSCOPIC IMAGES AND HISTOLOGY

crypts, which discharge on the mucosal surface, with 
the formation of ulcers. The mucosa is darker red, more 
roughly granular, and bleeds easily. A variable amount 
of mucus, blood, and pus may be seen in the lumen of 
the bowel. In the most severe active cases, the crypt 
abscesses burst through the wall of the crypt and spread 
in the submucosa, undermining areas of mucosa, which 
are deprived of a blood supply and subsequently are 
shed. In this way, extensive serpiginous ulcers are 
formed, often deep enough to expose the muscle coat; 
the remaining mucosa is edematous and partly under-
mined, leading to the appearance of pseudopolyps.

In addition to the endoscopic evaluation of the colon, 
other radiologic tests, including x-ray studies, barium 
enema (enema should not be done during an acute pre-
sentation), and CT scan, may give information about the 
state of the colon. The changes to look for are the loss 
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Extraintestinal Complications
Extraintestinal complications occur in 20% to 25% of 
patients with inflammatory bowel disorder and are most 
likely the consequence of aberrant self-recognition and 
dysregulated autoantibodies against organ-specific cel-
lular antigens shared by the colon and other organs. 
The most common extraintestinal complications of 
ulcerative colitis include oral involvement with aph-
thous ulcerations, skin lesions (erythema nodosum  
and pyoderma gangrenosum), ocular manifestations 
(uveitis/iritis and episcleritis), hepatobiliary involve-
ment (primary sclerosing cholangitis), musculoskeletal 
involvement (arthropathy and osteoporosis), and hema-
tologic consequences (anemia and thromboembolic 
diseases).

of mucosal pattern, ulceration and pseudopolyps, loss 
of haustration, and contraction of the bowel or colonic 
dilatation in advanced cases. In this way, the severity 
and extent of the disease may be established, and, 
thereby, decisions may be made for treatment and 
assessment for the prognosis.

PATHOLOGIC FINDINGS

To make the diagnosis of ulcerative colitis, it is impera-
tive to see both acute and chronic histologic alterations, 
which are confined to the colon. Chronic inflammation 
is superficial and is limited to the mucosa and submu-
cosa. Chronic changes consist of crypt branching and 
irregularity of size and shape, with an increase in 
chronic inflammatory cells (lymphocytes and plasma 
cells), especially below the base of the crypts (so-called 
basal plasmacytosis). Acute inflammation indicates disease 
activity and is characterized by neutrophil infiltration 
of the lamina propria, superficial ulcers, cryptitis, and 
crypt abscesses. Crypt abscesses are characterized by 
crypts filled with neutrophils and apoptotic debris.

DIFFERENTIAL DIAGNOSIS

In addition to ulcerative colitis, one should always  
consider the following conditions in the differential 
diagnosis of patients presenting with abdominal pain, 
gastrointestinal bleeding, and intestinal ulcerations: 
Crohn colitis, infections of the colon (especially with 
Clostridium difficile, Campylobacter, and Escherichia coli 
O157:H7 species, amoeba, and cytomegalovirus),  
ischemic colitis, nonsteroidal antiinflammatory drug-
induced colopathy, diverticulitis, and radiation-induced 
colitis.

COMPLICATIONS

Ulcerative colitis can be associated with intestinal and/
or extraintestinal complications.

Intestinal Complications
Although UC is a mucosal disease, the transmural 
extension of ulceration results in loss of muscular tone 
and localized or extensive dilatation of the colon with 
very severe disease. This can result in toxic megacolon 
and possible perforation and peritonitis. Massive hem-
orrhage and occurrence of carcinoma are other intesti-
nal complications of UC.

One of most dreadful complications of long-standing 
ulcerative colitis is epithelial dysplasia and colon cancer. 
The cumulative risk of developing colorectal dysplasia 
or cancer increases with every decade of presence of the 
disease. Risk factors for cancer in patients with the 
disease include extensive involvement, long duration of 
disease regardless of clinical activity, young age at onset, 
presence of primary sclerosing cholangitis, severe 
inflammation, and a family history of colorectal cancer. 
Surveillance colonoscopy is recommended after 8 to 10 
years of having extensive colitis. Patients with proctitis 
and proctosigmoiditis may not be at increased risk for 
cancer. Compared with non–colitis-associated colorec-
tal cancer, colitis-associated dysplasia and cancers are 
more often multiple and anaplastic, look minimally 
raised or nearly flat, and are uniformly distributed 
throughout the colon. Colitis-associated colorectal 
cancers do not follow the usual adenoma-cancer 
sequence.

Plate	3-63	

ETIOLOGIC FACTORS, COMPLICATIONS OF INFLAMMATORY BOWEL DISEASES
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Intestinal complications of ulcerative colitis and/or Crohn disease (see Plate 3-67)

MEDICAL AND SURGICAL TREATMENT

The goals of treatment of ulcerative colitis are inducing 
and maintaining remission, improving the quality of 
life, and minimizing the risk of cancer. The choice of 
treatment depends on the severity and extent of the 
disease, disease course during follow-up, and patient 
preferences.

Medical Treatment
There are many different classes of medications avail-
able for treatment of ulcerative colitis.

Sulfasalazine and 5-aminosalicylates (5-ASAs) given 
orally or rectally, or both, are the first-line treat-
ment for ulcerative colitis. They can be used for induc-
tion and maintenance of remission. The route of 
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The following operations can be considered for 
treating patients with ulcerative colitis:

1. Proctocolectomy and Brooke ileostomy
2. Proctocolectomy and Kock pouch
3. Abdominal colectomy and ileorectal anastomosis
4. Total proctocolectomy with ileal pouch–anal 

anastomosis (IPAA)
Factors that need to be considered in choosing the 

type of surgery include the patient’s age, comorbidities, 
and body habitus; indication for surgery; and quality of 
the anal sphincter.

Proctocolectomy and Brooke Ileostomy
A Brooke ileostomy involves pulling the ileum through 
the abdominal wall, turning it back, suturing it to the 
skin, and creating an inside-out ileum as the stoma. 

administration depends on the disease extent; patients 
with mild to moderate proctitis or left-sided disease 
may be successfully treated with topical treatment 
(suppository/enema). These medicines are effective in 
about 50% or more of patients with ulcerative colitis, 
and the effect is usually seen in 2 to 4 weeks but may 
take longer. 5-ASAs do not have as many side effects as 
sulfasalazine. There is a rare risk of nephrotoxicity with 
both of these medicines, however. Intolerance to sul-
fasalazine is common; the drug’s more common side 
effects include dyspepsia, nausea, and vomiting. Pan-
creatitis, hepatotoxicity, bone marrow suppression, and 
anemia may occur less commonly.

Steroids are used for induction of remission in moder-
ate to severe cases and can be given orally, rectally, or 
through an intravenous line.

There are substantial adverse effects associated with 
the use of steroids, especially when they are taken in 
high doses and for extended periods of time. Side effects 
may include increased risk of infection, metabolic dis-
turbances, psychiatric problems, cataracts, glaucoma, 
impaired wound healing, and metabolic bone disease.

Thiopurines (6-mercaptopurine and azathioprine) are 
effective as steroid-sparing agents; due to the slow onset 
of action, however, there is limited benefit in using 
these medications as monotherapy for induction of 
remission. Possible side effects include bone marrow 
suppression, increased risk of infection, allergic reac-
tion, hepatotoxicity, pancreatitis, and increased risk of 
cancer.

Biologics are genetically engineered medications made 
from living organisms and their products which  
interfere with the inflammatory response in patients 
with colitis. They can be used for induction and main-
tenance of remission in moderate to severe disease. 
Infliximab, adalimumab, and golimumab work through 
inhibiting the tumor necrosis factor-α. The other 
recently approved biologic, vedolizumab, is a recombi-
nant humanized monoclonal antibody that binds α4β7 
integrin and results in gut-selective antiinflammatory 
activity. There is an increased risk of infection (includ-
ing opportunistic infection) and a possibly increased 
risk of cancer associated with these medications.

Cyclosporine, a T-lymphocyte inhibitor, is also a very 
effective agent for induction of remission in severe cases 
in hospitalized patients, but unfortunately this medica-
tion carries a significant risk of toxicity. Infection,  
seizures, hypertension, nephrotoxicity, and hyperka-
lemia are among the severe adverse effects with this 
medicine.

Principles of Surgical Treatment
The indications for surgery in patients with ulcerative 
colitis are perforation, exsanguinating hemorrhage, 
documented or strongly suspected cancer, unresectable 
high-grade or multifocal dysplasia, colonic stricture 
that cannot be passed during the colonoscopic examina-
tion, failure of medical therapy, intolerable side effects 
of medical treatment, and toxic megacolon unrespon-
sive to maximal medical treatment.

Refractory extraintestinal manifestations of ulcer-
ative colitis which are related to disease activity usually 
improve after colectomy.

The goal of surgery in patients with ulcerative colitis 
is to remove the diseased organ with minimal alteration 
of normal physiologic function and a good postopera-
tive quality of life.
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5.

Final sutures (8 to 10) are placed through full-
thickness bowel and dermis (avoiding
epidermis) and are left untied.

Most patients are suitable candidates for this type of 
operation, but unfortunately it scores the lowest in 
comparative quality-of-life studies between the four 
operations. It is an especially appropriate choice for 
elderly patients and those with poor anal sphincter 
function and patients with dysplasia or cancer in the 
lower rectum.

Obesity can make the construction of the Brooke 
ileostomy difficult. Possible complications of this type 
of surgery are delayed perianal wound healing, impo-
tence, retrograde ejaculation, and dyspareunia.

Proctocolectomy With Kock Pouch
This type of surgery involves a standard proctocolec-
tomy with the creation of an ileal pouch with a nipple 
valve, which is then connected to the skin of the lower 
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Presenting symptoms include increased stool fre-
quency, urgency, loose stools, incontinence, fever, 
malaise, bleeding, discomfort, cramps, and dehydra-
tion. Pouchitis may become chronic in some cases.

Diagnosis is achieved by the patient history with 
support from endoscopic findings and analysis of histo-
logic changes. Endoscopic findings are not specific but 
might allow for assessment of backwash ileitis, the pres-
ence of features of Crohn disease, and cuffitis (inflam-
mation of anal transitional zone). Histopathologic 
studies can assess for dysplastic or neoplastic changes, 
granulomas, ischemic changes, or degree of inflamma-
tion. Radiologic assessment by means of pouchography 
with contrast, CT, or MRI is reserved to assess trans-
mural versus mucosal disease within or adjacent to the 
pouch.

abdomen. The stool is drained with a catheter as 
needed. The procedure can be considered in patients in 
whom the IPAA procedure has failed or who have 
undergone Brooke ileostomy but are not satisfied with 
the result.

During the surgery, the distal ileum is used to create 
a Kock pouch, outlet, nipple valve, and reservoir after 
the colon and rectum have been removed.

This type of surgery unfortunately carries a high 
complication rate. A very high percentage of patients 
will require reoperation within the first 2 years. Nipple 
valve dysfunction resulting in difficulty with intubation 
and subsequent incontinence is a very common problem. 
Other possible complications include fistula formation, 
ischemic changes, and pouchitis.

Patients who are debilitated and those with physical 
and/or mental limitations, who may not be able to 
safely catheterize the reservoir, are not good candidates 
for this type of surgery.

Abdominal Colectomy and  
Ileorectal Anastomosis
This type of surgery should rarely be considered because 
of the retained rectal segment. Ileorectal anastomosis 
should only be done in selected patients whose rectal 
inflammation is under good control. This type of 
surgery does not carry the usual complications of having 
a total proctocolectomy, such as impotence, because it 
does not require the mobilization of the rectum.

The disadvantage of this surgical procedure is the 
risk of continued symptoms due to the retained inflamed 
rectal mucosa and the risk of dysplasia and cancer in 
this area.

Total Proctocolectomy With Ileal  
Pouch–Anal Anastomosis
Total proctocolectomy with IPAA involves resection of 
the colon and rectum and formation of an IPAA. This 
can be done in one, two, or three stages, depending on 
the clinical scenario and the judgment and experience 
of the surgeon. In most cases with severe colitis, an 
ileostomy and subtotal colectomy is done as a first stage, 
followed by excision of the remaining rectocolic 
segment a few months later and creation of the IPAA.

This type of surgery preserves the anal sphincter 
function, with good postoperative quality of life, but 
complications are not uncommon.

Pouchitis and Complications of  
Total Proctocolectomy and Ileal  
Pouch–Anal Anastomosis
Pouchitis is nonspecific inflammation of the ileal pouch 
reservoir, and it is the most important long-term com-
plication of total proctocolectomy and IPAA, occurring 
in approximately 15% to 50% of patients during long-
term follow-up. Pouchitis typically occurs in patients 
with ulcerative colitis or indeterminate colitis; it is rare 
in a patient who undergoes IPAA for familial adenoma-
tous polyposis.

The cause is thought to be bacterial overgrowth of 
the pouch rather than mucosal ischemia or other local 
factors. Biopsies often show an acute inflammatory 
infiltrate with villous atrophy and crypt abscesses with 
neutrophils. There may be some link to predisposing 
factors for inflammatory conditions; the incidence is 
higher in patients who have had extraintestinal mani-
festations of ulcerative colitis prior to surgery. Dietary 
factors are not considered to play a role.
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Treatment consists of hydration with intravenous 
fluids and oral antibiotics, typically metronidazole or 
ciprofloxacin, for 7 to 14 days; a clinical response will 
be apparent within 3 days. Topical preparations may 
also be given. Some patients may require immunomod-
ulators or anti–tumor necrosis factor to control their 
symptoms. Probiotics can be effective in preventing 
recurrence after remission is achieved. In cases that do 
not respond to medical therapy, a diagnosis of Crohn 
disease must be entertained.

Some other possible complications of IPAA include 
small bowel obstruction, fistula, anastomotic leak, 
pelvic sepsis, and the negative effect on fertility and 
sexual function. Pouch excision or revision is required 
in less than 5% of patients as a result of intractable 
complications.
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disease; in patients with ileal involvement or resection, 
it may be due to other vitamin deficiencies, including 
vitamin B12 deficiency. Hypoalbuminemia, low vitamin 
D levels, elevated C-reactive protein levels, and an 
abnormal erythrocyte sedimentation rate are other 
abnormalities that can be seen. The most common sero-
logic markers associated with CD include antibody to 
the yeast Saccharomyces cerevisiae (ASCA) and the bacte-
rial proteins OmpC, I2, and anti-Flagellin. These 
markers have limited diagnostic value as individual tests.

Stool studies may reveal the presence of leukocytes, 
and are negative for infectious pathogens in most cases.

Abdominal x-rays may help to diagnose bowel 
obstruction or megacolon. Small bowel follow-through 
and air contrast barium enema may detect mucosal 
disease, strictures, and fistulas. Transabdominal ultra-
sound can help in the diagnosis of abscess, and endo-
scopic ultrasound in the diagnosis of perianal disease.

CT scan can help in the diagnosis of intestinal and 
extraintestinal diseases, such as abscesses. CT enterog-
raphy allows detailed imaging of the small bowel wall 
by means of a special low-density contrast. The advan-
tage of MR enterography over CT enterography lies in 

crohn DIsease

EPIDEMIOLOGIC FINDINGS

The incidence and prevalence of Crohn disease (CD) 
vary among different studies evaluating patients in 
various geographic locations and with differing levels 
of socioeconomic status. The incidence is estimated to 
be approximately 5 to 15 per 100,000, with a prevalence 
of 140 to 200 per 100,000.

Although the incidence and prevalence of CD are 
higher in developed countries, the incidence has risen 
dramatically in developing countries. White persons 
and persons of Jewish Ashkenazi descent have a higher 
risk for developing the disease.

ETIOLOGIC FINDINGS

The cause is unknown, although the interplay of 
genetic, immunologic, and environmental factors exists. 
NOD2/CARD15 on chromosome 16 and IL23R on 
chromosome 1 are the most studied susceptibility 
genes. There is a high concordance rate of about 50% 
among monozygotic twins.

Some environmental factors have been recognized as 
triggers for development of CD. The most important 
one is cigarette smoking. The association between non-
steroidal antiinflammatory medications and CD is more 
controversial.

MANIFESTATIONS

CD can involve any part of the gastrointestinal tract. 
Transmural inflammatory changes can lead to progres-
sive fibrosis with subsequent strictures or perforating 
disease with abscess formation or fistula.

The most common areas of involvement are the 
small and large bowel, especially the terminal ileum and 
cecum.

Perianal disease is not uncommon. The location, 
severity, and phenotype of the disease dictate the indi-
vidual’s symptoms. Most patients present with abdomi-
nal pain and diarrhea, which is often nonbloody. Fever 
and weight loss are common. In patients with obstruc-
tive symptoms due to underlying stricture, abdominal 
distention and pain, nausea, and vomiting can be seen. 
Abnormal drainage of pus or fecal material can be seen 
if a fistula is present.

Abdominal tenderness, cachexia, or abnormal 
abdominal or perianal mass, fistulae, or abscess are 
among the more common signs of CD. Affected chil-
dren may have growth failure or delayed development 
of the secondary sex characteristics.

Extraintestinal manifestations can be present in a sig-
nificant number of patients. The most common ones 
include musculoskeletal involvement (arthropathy and 
osteoporosis), ophthalmologic manifestations (episcleri-
tis and iritis/uveitis), skin lesions (pyoderma gangreno-
sum and erythema nodosum), urinary tract involvement 
(kidney stone), oral involvement by aphthous ulcers, 
biliary tract involvement (primary sclerosing cholangi-
tis, cholelithiasis), and hematologic manifestations 
(hypercoagulable state and anemia) (see Plate 3-63).

LABORATORY TESTS, IMAGING STUDIES, 
AND ENDOSCOPIC EVALUATION

There is no specific laboratory test for the diagnosis of 
CD. Leukocytosis, thrombocytosis, and anemia are 
commonly present. Anemia can be due to iron defi-
ciency or may be the anemia associated with chronic 
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Epithelioid granulomatous reaction associated
with chronic inflammation in the muscularis
of colon in a patient with CD. 
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HISTOLOGY AND ENDOSCOPY

the lack of ionizing radiation. MRI is also a great 
modality for evaluation of perianal diseases.

Colonoscopy is the mainstay diagnostic tool for 
patients with CD. It not only allows direct visualization 
of the mucosa, but biopsy samples can also be obtained 
during the examination. The terminal ileum can also be 
evaluated during the colonoscopy. Esophagogastroduo-
denoscopy and endoscopic ultrasonography can be used 
as needed for evaluation of the upper gastrointestinal 
tract and perianal area, respectively. Capsule endoscopy 
also allows direct visualization of the small bowel 
mucosa, but the presence of stricture may lead to 
capsule retention and subsequent bowel obstruction.

The endoscopic changes seen in patients with CD 
may range from erythematous mucosa to shallow aph-
thous erosions to punched-out ulcers. Skip lesions and 
rectal sparing are common.

PATHOLOGIC FINDINGS

In CD, pathologic changes may be seen throughout  
the entire gastrointestinal tract from mouth to  
anus. Mucosal biopsies demonstrate acute and chronic 
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integrin antibodies (natalizumab and vedolizumab) are 
effective in the treatment of moderate to severe disease 
that has not responded to the first-line therapy or as 
first-line therapy for patients with poor prognostic cri-
teria. Natalizumab has restricted application due to the 
reported cases of progressive multifocal leukoencepha-
lopathy. This specific complication has not been 
reported with the use of vedolizumab due to its gut 
specificity.

Among the most important side effects are the 
increased risk of infection (including opportunistic 
infections) and possible increased risk of cancer associ-
ated with these medications.

Tacrolimus and cyclosporine are T-lymphocyte inhibitors 
that have been used with some success in severe cases 
but unfortunately carry a significant risk of toxicity.

Surgical Intervention
The cumulative probability for the requirement for 
major abdominal surgery in patients with CD will 

inflammation with neutrophilic and plasmacytic infil-
tration of the lamina propria. Crypt distortion and 
crypt abscess can be seen. Noncaseating granulomas 
and transmural involvement are highly specific for CD.

Mucosal biopsies from the same segment may show 
variable findings known as skip lesions, which are one of 
the features that distinguish CD from ulcerative colitis. 
In CD, the inflammation is typically deep and transmu-
ral. Submucosal fibrosis can also be detected.

DIFFERENTIAL DIAGNOSIS

Conditions that mimic CD include infectious disease, 
ischemic colitis, radiation enteritis/colitis, segmental 
colitis, diversion colitis, NSAID colopathy, other gran-
ulomatous colitides (e.g., sarcoidosis), and ulcerative 
colitis, among others.

COMPLICATIONS

Complications may include obstruction, enterovesical 
fistulae with resulting urinary tract infection and pneu-
maturia, enterovaginal fistulae with feculent vaginal 
discharge and enterocutaneous fistulae with feculent 
soiling of the skin, intraabdominal or retroperitoneal 
abscess formation, and perianal involvement.

MEDICAL AND SURGICAL THERAPY

Medical Treatment
The goal of medical treatment is induction and main-
tenance of remission with the least adverse effect from 
the medications.

Several medications are used in treating CD:
5-aminosalicylates (5-ASA) and sulfasalazine: Although 

oral mesalamine is widely used in practice, the meta-
analysis of three large trials with mesalamine has shown 
a statistically significant but nonclinically relevant dif-
ference compared with placebo.

Antibiotics: The role of gut bacteria in the pathogen-
esis of CD has led to the use of antibiotics in mild to 
moderate cases. There is also a role for using antibiotics 
in patients with perianal disease. The most commonly 
used antibiotics are metronidazole and ciprofloxacin.

Steroids: Controlled-release budesonide is effective and 
has fewer side effects than prednisone when mild to mod-
erate inflammation is confined to the ileum and/or right 
colon. Prednisone can be used for treatment of moderate 
to severe CD, but it has substantial possible adverse 
effects, including but not limited to, metabolic distur-
bances, increased risk of infection, metabolic bone 
disease, and psychiatric and ocular complications.

Immunomodulators: Thiopurines (6-mercaptopurine and 
azathioprine) and methotrexate are effective as mainte-
nance treatment but have a slow onset of action. Pos-
sible side effects for thiopurines include increased risk of 
infection, bone marrow suppression, allergic reaction, 
liver toxicity, pancreatitis, and increased risk of cancer.

Methotrexate can also cause serious adverse events, 
including but not limited to, bone marrow suppression, 
hepatotoxicity and cirrhosis, pneumonitis, and pulmo-
nary fibrosis.

Biologics: These are genetically engineered medica-
tions made from living organisms whose products inter-
fere with the patient’s inflammatory response. This 
group of medicines has been used for induction and 
maintenance of treatment in moderate or severe disease.

Anti–tumor necrosis factors (anti-TNF) antibodies (inf-
liximab, adalimumab and certolizumab) and anti–alpha 4 
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Strictureplasty
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exceed 50% over a period of 30 years, and many patients 
may require second or third surgeries.

The indications for surgical intervention include failed 
medical therapy, the presence of neoplastic complica-
tions, perforation, toxic megacolon, persistent or severe 
hemorrhage, abscesses not amenable to drainage by the 
radiologist, or cases with bowel obstruction nonrespon-
sive to conservative management. Due to the concern 
over short bowel syndrome, bowel-sparing interventions, 
including balloon dilatation or strictureplasty (the narrow 
segment of the bowel is cut lengthwise and then sutured 
widthwise), can be considered. There are several differ-
ent surgical techniques for strictureplasty. This consider-
ation is particularly important in patients with a history 
of previous significant bowel resections, a known history 
of short bowel syndrome, or the presence of multiple 
strictures over a long segment of small bowel. It is impor-
tant to know that even after surgically induced deep 
remission, most patients with Crohn disease will require 
medical treatment to decrease the risk of recurrence.
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When treating patients with microscopic colitis,  
it is important to review their medication list and dis-
continue the drugs that may have triggered the 
disorder.

Patients should avoid possible secretagogues such  
as caffeine and products containing lactose if appro-
priate. Antidiarrheal medicines such as loperamide or 
diphenoxylate/atropine are usually the first-line treat-
ment. In patients with moderate symptoms or patients 
who have not been responsive to the first-line treat-
ment, bismuth subsalicylate can be helpful.

mIcroscopIc colItIs

Microscopic colitis (MC) is a relatively common cause 
of chronic diarrhea in older adults. There are two 
forms, collagenous colitis (CC) and lymphocytic colitis 
(LC). The two subtypes are similar clinically and his-
tologically and respond in similar ways to the available 
treatments.

Because the colonic mucosa looks normal on visual 
inspection during colonoscopy, biopsies are required to 
make the diagnosis in patients undergoing endoscopic 
evaluation for chronic diarrhea.

There is no increased risk of colon cancer in patients 
with MC.

Although the reason for the recent increase in the 
incidence of MC is unknown, increased awareness 
resulting in obtaining diagnostic colonic biopsies in 
patients with chronic diarrhea and increased use of the 
triggering medicines may have played a role.

In North America, the incidence of lymphocytic 
colitis has been reported as 3.1 and 5.4 per 100,000 per 
year, and of collagenous colitis, 4.6 and 5.5 per 100,000 
per year.

MC appears to be more prevalent in women than in 
men. This gender difference is less striking in lympho-
cytic colitis than collagenous colitis in some studies. 
This diagnosis should also be considered in patients 
with celiac disease in whom diarrhea has not responded 
to a gluten-free diet because the disease is more 
common in patients with celiac disease.

The cause of microscopic colitis is unknown, but 
several potential mechanisms have been proposed to 
explain the pathogenesis of this entity.

Autoimmunity seems to play a role in the pathogen-
esis. As many as 40% of patients have an autoimmune 
disease such as celiac disease, diabetes mellitus type I, 
rheumatoid arthritis, or thyroiditis, among others. 
Luminal factors, including bacterial products, bile salts, 
and dietary antigens, have been implicated in the patho-
genesis of the disease.

Some medicines have been reported to be associ-
ated with microscopic colitis. The most commonly 
reported ones include nonsteroidal antiinflammatory 
drugs (NSAIDS, proton pump inhibitors, and selective sero-
tonin reuptake inhibitors.

Myofibroblastic malfunction and abnormalities in 
collagen production may have a role in the pathogenesis 
of CC.

The most common symptom is intermittent or 
chronic diarrhea. Patients may also experience abdomi-
nal discomfort or weight loss, urgency, and bowel 
incontinence. Dehydration and electrolyte abnormali-
ties have been reported in severe cases.

The physical examination usually does not reveal any 
specific abnormality.

Blood tests are usually within normal limits but may 
also show hypokalemia, hypoalbuminemia, anemia, and 
an elevated erythrocyte sedimentation rate.

Imaging studies are typically normal.
Endoscopic evaluation to obtain colonic biopsies is 

the diagnostic method of choice. The hallmark histo-
logic feature for LC is intraepithelial lymphocytosis, 
whereas a thickened subepithelial collagen band is 
pathognomonic for CC. The collagen band is 5 to 7 µm 
thick in normal colonic biopsies and more than 10 µm 
thick in patients with CC.

Celiac disease, Crohn disease, irritable bowel syn-
drome, and infections (especially giardiasis) should be 
considered in the differential diagnosis of patients pre-
senting with symptoms of MC.
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Low-power microphotograph of lymphocytic colitis
that shows increased lymphocytic and round cell
infiltration in the lamina propria. The crypts appear
normal.

Colon biopsy specimen showing collagenous colitis 
(trichrome stain [blue]). Note the enlarged 
subepithelial collagen layer. 
Photomicrographs from Floch M. Netter's Gastroenterology, 2e,
Elsevier, Philadelphia, 2009, provided by Dr. Marie Robert.

High-power microphotograph of lymphocytic colitis
(same patient and biopsy as in figure at left). Arrows
indicate the classic infiltrate of lymphocytes in the
epithelium.

High-power microphotograph of collagenous colitis
that shows an enlarged (pink) collagen layer and an
increased lymphocytic infiltrate in the lamina propria.
The arrow indicates a cellular element (fibroblast
nucleus) entrapped in the enlarged collagen layer.

Lymphocytic colitis

Collagenous colitis

Budesonide is the best-studied drug for these condi-
tions; it has a good short-term effect, but unfortu-
nately the relapse rate is high once it is discontinued. 
These cases can be treated with long-term, low-dose 
budesonide. For corticosteroid-resistant patients, ami-
nosalicylates, bile acid–binding agents, or immuno-
modulators can be considered.

Rarely, patients may need surgery in the form of 
ileostomy with or without a colectomy or ileal pouch–
anal anastomosis because the disease is refractory to all 
medical treatments.
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study. Symptoms were shown to resolve once bowel 
continuity was restored.

The diagnosis is made clinically based on the history 
and symptoms, with some endoscopic and histologic 
findings to support it. On double-contrast barium 
enema, a variable distribution of lymphoid follicular 
hyperplasia may be noted, although this may also be 
present in inflammatory bowel disease, colon carci-
noma, or lymphoma. Mucosal friability and edema  
with aphthous ulcers and bleeding may be visible 

DIversIon colItIs

Diversion colitis refers to nonspecific inflammation of 
the mucosa of a defunctionalized segment of colon. The 
cause is unclear, but it has been hypothesized that the 
disease may be due to bacterial overgrowth, the pres-
ence of harmful bacteria, nutritional deficiency, toxins, 
or a disturbance in the relationship between luminal 
bacteria and the mucosa. Some studies have shown that 
there is an increase in nitrate-reducing bacteria, which 
release nitric oxide into the colonic tissue; toxicity may 
result with higher concentrations of nitric oxide. 
Another proposed mechanism is ischemia due to a 
decrease in short-chain fatty acids.

Typically, diversion colitis is asymptomatic, but some 
studies have shown an incidence of 100% by 4 weeks 
to 3 years after surgery. When patients do present with 
symptoms, they may have lower abdominal discomfort, 
pelvic or anorectal pain, mucus discharge, tenesmus, 
bleeding, or low-grade fever. This presentation may be 
difficult to distinguish from that of inflammatory bowel 
disease, so that there may be difficulties in considering 
reanastomosis, particularly in patients with a history of 
inflammatory bowel disease. There are isolated case 
reports of patients with severe symptoms requiring sur-
gical intervention, but the incidence of significant 
symptoms was shown to be only 6% in a prospective 
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- Metabolized by anaerobic metabolism
- Oxidized to short chain fatty acids (butyrate, 
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  with cellular infiltrate throughout and hyperplasia 
  of lymphatic follicles
- Changes can be evident as early as a few months 
  after surgery or much later and are seen 
  histologically in 95%
- 10% are symptomatic with rectal bleeding, 
  tenesmus, pain, and discharge

Diverted colon
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passes through)

Ostomy

Carbohydrates

Carbohydrates

macroscopically on endoscopy. Diffuse granularity, 
mucous plugs, or erythema may be visible. Rectal 
volume has been shown to decrease by 35% at 1 month.

Symptoms have been successfully treated in a few 
studies with irrigation of the diverted segment with 
short-chain fatty acid enemas twice daily for 4 to  
6 weeks. Others have shown a benefit of fiber, 
5-aminosalicylic acid, and steroid enemas. When pos-
sible, restoration of continuity should be performed if 
other causes of inflammation are ruled out.
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finding of thumbprinting supporting the diagnosis; this 
examination should never be performed with a high 
index of suspicion of gangrene or perforation. CT scan 
may be the initial examination and will support the 
diagnosis. There is no role for mesenteric angiography 
in this disease unless there is a high suspicion of acute 
mesenteric ischemia with difficulty in distinguishing 
this disorder from ischemic colitis on presentation, or 
when superior mesenteric artery occlusion may be con-
sidered with presentation of isolated involvement of the 
right colon.

Colonoscopy is considered the gold standard exami-
nation because it is important to visualize the mucosa, 
rule out other problems or causes of bleeding, and 
confirm the diagnosis. Findings on colonoscopy include 
a spectrum from petechial hemorrhages and edema to 
erythema or linear ulcerations or a dusky appearance 
with cyanosis as the disease severity advances. Chronic 
ischemia can result in strictures and fibrosis. Pathologic 

IschemIc colItIs

Ischemic colitis has been reported to account for 1 in 
1000 to 2000 hospitalizations; the most common loca-
tion of ischemia in the intestines is the colon. A typical 
presentation occurs with compromised blood flow as 
might result from a hypotensive episode and may be 
unrecognized at the time. Because of mild and transient 
episodes, the actual incidence of ischemic colitis may be 
underestimated. The most common triggers include 
hypotension related to sepsis, compromised left ven-
tricular function, hypovolemia, and hemorrhage. All of 
these conditions can result in decreased perfusion and 
ischemia. A variety of medications can also result in a 
low-flow state. Strenuous exercise, including long dis-
tance running, has led to colonic ischemia, presumably 
from shunting of blood flow from the mesenteric vas-
culature to support muscle action. Finally, in patients 
undergoing surgery, particularly cardiac surgery, isch-
emic colitis is a reported complication. There are also 
reports of increased coagulability being a risk factor for 
ischemic colitis, and the disease may also be more likely 
in patients with genetic disorders of protein C defi-
ciency, protein S deficiency, and antithrombin III defi-
ciency, among other abnormalities.

The incidence of ischemic colitis is increased with 
age and with comorbid risk factors of vascular disease. 
Approximately 90% of those who develop ischemic 
colitis are over 60 years of age. A singular narrowing of 
a vessel is less likely than a generalized compromise in 
blood flow. The blood supply of the colon includes the 
superior mesenteric artery, inferior mesenteric artery, 
and branches of the internal iliac arteries. Because of 
the redundant blood supply to the colon, the typical 
sites for ischemia are areas known as the “watershed” 
areas of the colon with singular or nonredundant 
supply, such as the splenic flexure and transverse colon. 
Although the mesenteric collateral circulation helps to 
promote redundancy, the artery of Drummond, running 
along the splenic flexure, serves as a conduit for com-
munication of the superior and inferior mesenteric 
arteries. Up to 5% of the population has an underde-
veloped or absent artery of Drummond, a condition 
that leads the splenic flexure to be a particularly suscep-
tible area for ischemia. In contrast, the rectum has a 
rich blood supply from the mesenteric and iliac arteries, 
which renders it unlikely to succumb to ischemic injury.

Patients may present with abdominal pain, diarrhea, 
and/or tenderness on examination; bloody bowel move-
ments are common, but rarely is massive bleeding a 
problem. Clinically ischemic colitis is classified as either 
gangrenous (transient or chronic) or nongangrenous. 
Brandt and Boley have defined six types in a classifica-
tion scheme as follows:

1. Reversible ischemic colonopathy
2. Transient ischemic colitis
3. Chronic ulcerative ischemic colitis
4. Ischemic colonic stricture
5. Colonic gangrene
6. Fulminant universal ischemic colitis
Laboratory markers of ischemia (e.g., lactate) are 

usually normal unless there is severe ischemia. Stool 
cultures for Salmonella, Shigella, Campylobacter, and 
Escherichia coli O157:H7 should be obtained. The latter 
has been implicated as a causative species. A plain x-ray 
may be useful to rule out other problems. The typical 
findings on x-ray include bowel dilatation, air-filled 
loops of bowel, and thumbprinting. Barium enema was 
utilized widely in the past, with the most common 
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examination of biopsy specimens is nonspecific and may 
show crypt distortion, edema, ulceration, hemorrhage, 
thrombi, and/or necrosis.

The treatment is supportive, with fluid hydration, 
discontinuance of drugs that may lower the blood pres-
sure, bowel rest with nothing by mouth, oxygenation, 
and antibiotics. There are no prospective studies to 
support the practice of antibiotic administration, but 
clear predictors for those who will advance to critically 
serious disease are lacking, and therefore antibiotics 
may be a reasonable consideration. Appropriate inten-
sive care for patients with severe disease may also neces-
sitate hemodynamic monitoring. Approximately one 
fifth of patients will develop peritonitis despite manage-
ment and will require urgent surgery. Surgical manage-
ment will vary depending on the findings. Any necrotic 
segment of bowel should be resected. Judgment must 
be used as to whether an anastomosis is possible versus 
proximal ostomy creation.
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can be useful in diagnosis, but care must be taken to 
observe for laryngeal swelling as well. Laboratory 
derangements, such as elevated serum tryptase and 
urine histamine levels, can detect IgE-mediated angio-
edema, and allergy testing can help identify the cause.

Abdominal symptoms may be related to other causes, 
and misdiagnosis may occur, particularly in the absence 
of associated skin or respiratory symptoms. Patients 
may undergo unnecessary surgery as a result, because 
the symptoms may be confused with those of ischemia 

angIoeDema

Angioedema is nonpitting edema that is localized and 
temporary. It can occur in any layer of skin or the walls 
of hollow viscera in the respiratory or gastrointestinal 
tract. The presenting symptoms can range from life-
threatening respiratory distress to abdominal pain with 
nausea and vomiting. Angioedema is classified based  
on the etiologic findings. These classes include  
allergic angioedema, angiotensin-converting enzyme 
(ACE) inhibitor–mediated angioedema, nonsteroidal 
antiinflammatory drug (NSAID)–mediated angio-
edema, hereditary angioedema, inherited angioedema 
with normal C1 esterase inhibitor, and angioedema 
with acquired C1 esterase inhibitor deficiency.

Angioedema results from a massive histamine release 
from mast cells or from increased accumulation of bra-
dykinin due to increased production or decreased inac-
tivation. Any allergen, ranging from food, to medication, 
to environmental causes, may cause allergic angio-
edema. Swelling can be associated with urticaria and 
pruritus. If allergens are ingested, they can cause 
abdominal pain and vomiting, as well. Episodes typi-
cally resolve within 1 to 3 days after contact with the 
allergen. ACE inhibitor–induced angioedema occurs in 
0.1% to 2.2% of patients taking these medications and 
typically develops within the first month of use, but the 
presentation can be delayed much longer. NSAID-
induced angioedema has been reported in 0.1% to 
0.3% of patients taking NSAIDs. The other types of 
angioedema are much more rare and their pathophysi-
ologic factors are not as well understood.

Diagnosis is difficult in these patients because they 
typically present to a specialist when symptoms have 
resolved. Patients with abdominal involvement may 
exhibit abdominal tenderness with or without rebound, 
with hypoactive or hyperactive bowel sounds and, pos-
sibly, shifting dullness. CT scanning may show edema 
of the intestines, with fluid accumulation in dilated 
bowel loops as well as ascites. Plain films may show 
signs of obstruction during an acute attack. Endoscopy 
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or acute abdomen. Treatment varies by type, but should 
begin with protecting the airway and giving fluid resus-
citation. For allergic reactions, epinephrine and diphen-
hydramine will help reduce edema, and steroids may 
decrease the risk of relapse. If an inciting cause is identi-
fied, its avoidance is key to prophylaxis. Depending on 
the type, various new medications are available to treat 
acute attacks or prevent new ones. A multidisciplinary 
approach is necessary to evaluate and treat these patients 
successfully.
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Colonoscopy is the most sensitive method for diag-
nosis, and allows for direct visualization and biopsy. 
Radiologic contrast studies have lower sensitivity 
because lesions may not be large enough to be visible. 
Histologic study typically shows associated areas of 
ulceration and granulation, which may be attempts at 
healing with fibrosis.

Addition of misoprostol for a protective effect did not 
show any benefit in some studies. Sulfasalazine and 
metronidazole administration has shown some benefit, 
but discontinuation of NSAID use seems to be the most 

strIctures resultIng from 
use of nonsteroIDal 
antIInflammatory Drugs

Colonic strictures resulting from use of nonsteroidal 
antiinflammatory drugs (NSAIDs), sometimes referred 
to as colonic diaphragmatic disease, is a rare entity. NSAIDs 
are widely used for pain relief, and given their avail-
ability over the counter, it is difficult to estimate the 
actual level of usage. Many side effects have been dem-
onstrated, particularly in the upper gastrointestinal 
tract, but given the availability of slow-release prepara-
tions, side effects have been seen in the lower gastroin-
testinal tract, as well.

Colonic strictures are most often seen in the seventh 
decade of life. Care must be taken to differentiate them 
from neoplasms, radiation enteritis, diverticulitis, 
inflammatory bowel disease, ischemia, or other ulcer-
ations. They appear to be more common in women, 
perhaps due in part to the fact that musculoskeletal 
diseases that require NSAID use are more common in 
women, as well.

Presenting symptoms may vary from blood loss to 
mechanical obstruction. More typically, the presenta-
tion is chronic rather than acute due to obstruction or 
perforation. There may even be a delay in diagnosis for 
many years given the vague nature of symptoms. Lit-
erature review has shown that most reported cases 
occur in the ascending colon, probably because of the 
higher bioavailability of NSAIDs in this region. Diclof-
enac was the most common cause, likely due to wide-
spread use. Variable lengths of use have been noted, 
with durations as short as 2 months leading to stricture 
formation. It is also unclear as to whether the route of 
administration is a factor, because strictures have been 
seen with local application of suppositories occurring in 
the rectum and in the ascending colon, implying some 
systemic response.
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Stricture

Stricture

Endoscopic view

important treatment. Treatment with steroids and 
5-aminosalicylic acid has shown some promise.

Because the diaphragms are irreversible, some  
intervention is required for treatment. Therapeutic 
endoscopy can be performed with dilatation in  
certain cases. Surgical resection of the diseased colon 
with primary anastomosis should be considered as 
definitive treatment, but likelihood of recurrence is 
common. Uncertainty remains as to whether there is a 
malignant progression; therefore, regular follow-up is 
recommended.
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Viscerosomatic Reflexes

Reflex Afferent limb origin Afferent limb originPhysiologic effect Clinical significance Clinical significance

Visceromuscular Diseased
abdominal organ 

Contraction of voluntary
muscles and erectors pili
muscles innervated by corre-
sponding spinal segments; also
neck and laryngeal muscles. 

Visceral pathology may
lead to clinical symptoms
such as guarding seen in
appendicitis. 

Visceroglandular Diseased
abdominal organ 

Sweating in the corresponding
dermatomes. 

Can help identify the
diseased organ. 

Viscerovascular Diseased
abdominal organ 

Dilation of blood vessels;
dermographia; sense of
warmth in corresponding
dermatomes. 

Can help identify the
diseased organ. 

Viscerosensory Diseased
abdominal organ 

Hyperalgesia in corresponding
dermatomes innervated by the
diseased organ. 

Referred pain such as
right scapular pain in
patients with biliary colic. 

Viscerovisceral Reflexes

Reflex Physiologic effect

Gastrocolic and
duodenocolic  

Stomach or duo-
denum, respectively 

Results in increased
motility of the colon. 

May play a role in disorders
such as IBS, post-caffeine
defecation.

Esophagosalivary
and gastrosalivary 

Esophagus and
stomach, respectively 

Paroxysmal sialorrhea. Seen with esophageal
neoplasms. 

Enterogastric Small intestine
(mainly duodenum) 

Inhibition of stomach;
antral spasms. 

Can result in indigestion and
nausea. 

Cologastric Colon Inhibition of stomach;
antral spasms. 

Epigastric distress in IBS;
vomiting in appendicitis. 

Urinary tract-gut* Urinary tract Inhibition and
distention of gut. 

Acute abdominal symptoms can
be genitourinary in origin. 

Viscerocardiac GI tract Decrease in coronary
blood flow; changes
in heart rate and
rhythm. 

Myocardial disturbances such as
tachycardia bradycardia or
arrhythmias seen in disorders
such as IBD. 

Visceropulmonary
* The urinary tract-gut reflex is not a true viscerovisceral reflex since the stimuli does not

originate in the visceral organs itself. GI tract Spasms of the
bronchioles. 

Sense of difficulty breathing that
can occur with IBS. 

vIsceral reflexes

Visceral reflexes can be broadly defined as unconscious, 
secondary responses mediated by the autonomic 
nervous system and represent a muscle response to an 
initial stimulation of a visceral organ. Visceral reflexes 
explain why patients get right scapular pain with biliary 
colic (viscerosensory reflex) or demonstrate the 
symptom of guarding with appendicitis (visceromuscu-
lar reflex). An understanding of visceral reflexes and 
dermatomes can allow a practitioner to narrow down a 
differential diagnosis. Visceral somatic reflexes rely on 
a skeletal muscle response (see table).

The nomenclature for visceral reflexes generally 
follows a specific pattern in which the first part of  
the name identifies where the stimuli is sensed and the 
second part clarifies the end organ demonstrating the 
effect. For example, the gastroileocolic reflex has stretch 
fibers that send a signal from the stomach down the 
afferent limb, ultimately resulting in increased motility 
of the colon. There are two major types of visceral 
reflexes, the viscerosomatic and viscerovisceral reflexes. 
The viscerovisceral reflex may reflect a normal response 
that can be useful in a therapeutic manner. For example, 
the gastrocolic reflex can help facilitate toilet training or 
may be a strategy for the treatment of constipation.
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The large intestine’s major functions are to absorb 
water and store and move feces into the rectum for 
future expulsion. The cecum and ascending colon carry 
out most of the absorption function, and the descending 
colon and sigmoid colon serve as the ultimate reservoir 
for the storage of feces. These functions are carried out 
in the setting of two main forms of colonic motor activ-
ity: The to-and-fro segmental contractions, and mass 
movements are facilitated by high-amplitude peristaltic 
contractions (HAPCs). The next section discusses each 
of these movements in greater detail.

Approximately 5 gallons of water enters the large 
intestine daily to be absorbed. This function is facili-
tated by nonperistaltic and nonsynchronized contrac-
tions leading to the to-and-fro mixing without forward 
propulsion. The mixing movements improve nutrient 
absorption in certain segments. Contraction of the lon-
gitudinal muscular bands known as taeniae coli shorten 
the bowel, forming pleats or haustrations. These struc-
tures allow chyme to be retained so the body can have 
enough time to properly absorb water and other nutri-
ents. This function is abetted by contractions of the 
circular muscles that create small indentations within 
the haustra to stop material from escaping. As a result 
of this motility pattern, residue remains in the colon for 
approximately 30 hours, and bacteria inhabiting the 
large intestine can further break down this material.

The second form of motility pattern in the colon is 
that of HAPCs, which occur six to eight times daily in 
most individuals. These contractions occur spontane-
ously but may be in response to pharmacologic agents 

or to distention of the colon. HAPCs begin in the 
proximal colon and usually progress only to the mid-
colon, where fewer than 5% reach the rectum. These 
mass movements can transfer colonic contents toward 
the rectum in preparation for evacuation. Mass move-
ments are a two-step process that begins with the  
colon creating a constrictive ring and then contracting 
in a squeezing motion toward the rectum. HAPCs  
can be reduced in slow-transit constipation and appear 

to be increased in irritable bowel syndrome with 
diarrhea.

Conditions that distend the colon or irritate the 
mucosa, such as microscopic colitis, may promote 
increased motor activity in the colon. The gastrocolic 
and duodenocolic reflexes are physiologic reflexes made 
in response to stretching or distention of the stomach 
or duodenum, resulting in increased motility of the 
colon and the urge to defecate.
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Physiologic defecation is the step in which, after diges-
tion and absorption, waste is expelled from the body as 
feces. Mass peristalsis moves feces from the right to left 
colon, where it eventually accumulates in the rectum. 
Rectal pressures at about 18 mm Hg lead to the release 
of the hormones vasoactive intestinal peptide and nitric 
oxide from stretch receptors of the pelvic splanchnic 
nerves. These hormones relax the internal anal sphinc-
ter and contract the external anal sphincter, preventing 
incontinence. At this point, the body is aware of the 
material in the rectum and can determine if the urge is 
for flatus or solid or liquid feces. This phenomenon is 
known as rectal sampling. In healthy individuals, conti-
nence allows one to delay defecation until deemed 
appropriate as long as the pressure in the rectum does 
not exceed approximately 55 mm Hg.

Once the person chooses to defecate, the next step is 
the actual expulsion of waste. A squatting position can 
allow for an improved angle for fecal expulsion and the 
optimal generation of abdominal pressure during def-
ecation. Another essential step is the relaxation of the 
puborectalis muscle, allowing for the rectoanal angle to 

be reduced from its resting state of 90 degrees. Once in 
the proper position, the person can voluntarily relax the 
external sphincter, controlled by the pudendal and 
levator ani nerves, to expel feces. Expulsion is further 
enhanced with contraction of the abdominal, diaphrag-
matic, and levator ani muscles. The body can also 
increase pressure through the Valsalva maneuver. This 
can be performed by closing one’s mouth and attempt-
ing exhalation, which generates extra pressure for 

defecation. The body goes through similar motions 
during expulsion of flatus; however, the puborectalis 
muscle stays contracted. This allows one to expel gas 
without the loss of feces.

The frequency of what is accepted as normal defeca-
tion varies extensively. Most people get the urge to 
defecate daily, but others may have more than one daily 
bowel movement and some may have bowel movements 
less frequently, at only three times per week.
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High resolution anorectal manometry image of baseline resting pressures High resolution anorectal manometry image during squeeze effort

Balloon used for expulsion testing

Defecogram showing progression of internal intussusception.  (From Fry RD,
Mahmoud NN, Maron, DJ, Bleier JIS. Colon and Rectum. In Townsend CM, ed:
Sabiston Textbook of Surgery, ed 19, Elsevier, Philadelphia, 2012, pp1294-1380.)

3D HIGH RESOLUTION ANORECTAL MANOMETRY WITH BALLOON EXPULSION TESTING

Test Used in the evaluation ofDescription

Anorectal
manometry

Catheter with balloon or sensors
place in the rectum and measures
physiologic parameters

Anal
ultrasonography

Small probe placed in anal canal
to evaluate integrity of muscu-
lature

Balloon
expulsion study

Patient places a balloon into the
rectum and is asked to push it out

Barium enema

Colon transit
study

Patient swallows radiopaque
capsules/markers with sub-
sequent abdominal x-ray(s)

Barium is inserted in the rectum
under the visualization of
fluoroscopy 

Defecating
proctography

Electromyography

Pudendal nerve
conduction study

Scintigraphic
studies

Wireless capsule
motility study

Patient is given a contrast-based
enema and asked to defecate
under fluoroscopic visualization

Probes are placed along the anal
sphincter that can directly
measure myoelectric activity 

Electrode stimulates the nerve
during a rectal examination to
evaluate pudendal nerve terminal
latency

Patient ingests a radiolabelled
meal 

Orally ingested, collects data and
profiles of pH and temperature,
and calculates transit times

Constipation, dyssynergic
defecation and fecal incontinence 
Absence of rectoanal inhibitory
reflex (RAIR) is seen in
Hirschsprung disease

Constipation, dyssynergic
defecation, and fecal
incontinence

Pelvic floor dysfunction

Colonic transit time

Obstruction, colon cancer
screening, incomplete colono-
scopy, intussusception, volvulus,
pseudo-obstruction

Obstructive defecation, fecal
incontinence, rectal prolapse,
dyssynergic defecation, rectocele
or other structural abnormalities

Disorders of the anal sphincter
and may be used in biofeedback
therapy

Fecal incontinence due to
pudendal neuropathy

More commonly used to evaluate
disorders of gastric emptying. It
can also be used to evaluate bile
flow, small and large intestine
transit times.

Evaluation of transit times for the
stomach, small bowel, and colon

motIlIty testIng

Motility is a term applied to the contractions and move-
ments of the gastrointestinal musculature that serve  
to mix and propel contents that are in the lumen of  
the gastrointestinal tract. The intestinal tract can be 
described as having four sections, each separated by 
sphincters. The first section starts at the mouth and 
extends to the lower esophageal sphincter of the esoph-
agus; the second section contains the stomach, which 
ends at the pyloric sphincter; the third section contains 
the entirety of the small intestine, which ends at the 
ileocecal sphincter; and the fourth section contains the 
colon and rectum, which end at the external anal 
sphincter. Each section contributes to the motility of 
the alimentary canal in the following ways:

Section 1 (mouth and esophagus): Mastication, swal-
lowing, and transport of food down the esophagus 
through peristalsis

Section 2 (stomach): Mixing and grinding of food 
into chyme

Section 3 (small intestine): Migrating motor complex 
moving food through peristalsis

Section 4 (large intestine and rectum): Rhythmic 
phasic contractions, high-amplitude propagating 
contractions, and tonic contractions

The rest of this section focuses specifically on  
the motility of the large intestine and rectum. The 
phasic contractions of the colon aid in a slow pro-
pulsion of contents, with mixing and turning. The 
tonic contractions help to facilitate this function.  
The giant migrating contractions are infrequent but 

they function to promote mass movements of 
contents.

Motility problems can be associated with acceleration 
(e.g., dumping syndrome) or slowing (gastroparesis, 
colonic inertia, or even retrograde movement, as in 
vomiting). The major consideration when ordering 
motility testing should be to determine which portion 
of the gastrointestinal tract is involved in a disorder. 
The major presenting symptoms for colonic dysmotil-
ity might include constipation, pain, difficulty in defe-
cating, or incontinence.
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defecation by exciting spasm of the sphincters and vol-
untary suppression to avoid pain.

MEGARECTUM

The presence of excretory material in the rectum is not 
in itself sufficient to excite the urge to defecate. The 
content must be sufficiently large to exceed the thresh-
old of the distention stimulus characteristic for the indi-
vidual. In many patients with regular bowel habits, 
digital examination may reveal a considerable mass of 
stool of varying consistency. The accumulation of a 
large amount of stool in a greatly dilated rectum occurs 
frequently with older age groups. This finding is sug-
gestive of a loss of tonicity of the rectal musculature and 
high compliance. This condition, known as megarec-
tum or terminal reservoir syndrome, may be due to a 
long-standing habit of ignoring or suppressing the urge 
to defecate, absence of sensation, or degeneration of 
nerve pathways concerned with defecation.

pathophysIology of 
DefecatIon: factors 
affectIng normal DefecatIon

Dysfunctional defecation is a common problem, usually 
resulting from issues with continence, urgency, fre-
quency, or the loss of discriminatory power of the 
colon. Common causes that lead to dysfunction of def-
ecation include diet, diarrhea or constipation, laxative 
or other medication use, psychologic factors, and neu-
romuscular problems. The following section provides a 
brief overview of conditions that may lead to dysfunc-
tional defecation.

NEUROLOGIC DISORDERS

Acute spinal cord injuries are defined as damage to the 
spinal cord that has occurred over the last 21 days. 
Overall, these injuries usually lead to delayed transit 
times and fecal incontinence. Fortunately, more than 
half of patients with spinal cord injuries will show some 
improvement in continence, yet it is nearly impossible 
to predict which patients will regain normal function. 
The effects of spinal cord lesions are best understood 
when they are split into acute and chronic issues affect-
ing both colonic motility and defecation.

In acute spinal cord injuries, one can expect to find 
prolonged transit times of the entire gastrointestinal 
tract, resulting in constipation, and many patients will 
also experience fecal incontinence. Chronic injuries, 
including conus medullaris and cauda equina lesions, 
continue to show increased colonic transit time along 
the transverse and descending colon; lesions of the 
sacral nerves appear to slow movement along the 
sigmoid colon. Lesions along the lumbar, thoracic, and 
cervical spine have shown mixed results, with some 
studies supporting slower transit times and others 
showing no changes compared with the general popula-
tion. It is well accepted that lesions of the sympathetic 
nervous system are not associated with a change in 
colonic motility. Patients with long-standing spinal 
cord injuries will continue to have poor motility and 
function with constipation but may also develop diver-
ticular disease, hemorrhoids, and volvulus.

Patients show no change in rectal tone with acute 
spinal cord injury, but are no longer able to consciously 
contract the external anal sphincter. Chronic spinal 
cord injuries appear to greatly affect rectal tone; cauda 
equina lesions are associated with decreased tone, and 
supraconal injuries tend to increase both rectal tone and 
contractions. This makes supraconal lesions especially 
problematic and can lead to issues with expelling feces 
from the rectum. Many patients with this problem must 
undergo manual removal of feces for proper evacuation. 
Another problem that supraconal spinal cord injury 
patients face is decreased sphincter tone. This becomes 
a problem with patients who are treated with too much 
fiber, resulting in frequent episodes of incontinence.

TRAUMA

The other major condition that causes incontinence is 
damage to the muscles of the peritoneum either from 
physical trauma or damage to the nerve supply to that 
area. Third- and fourth-degree vaginal tears during 
birth can lead to damage of the external anal sphincter 
and puborectalis muscles, resulting in fecal inconti-
nence. Painful lesions of the anal canal, such as ulcers, 
fissures, and thrombosed hemorrhoidal veins, impede 
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MISCELLANEOUS FACTORS ASSOCIATED 
WITH DEFECATORY DYSFUNCTION

Diet is one of the major contributors for constipation 
or diarrhea. Medications such as iron or opioids are also 
notorious for causing chronic constipation, and laxa-
tives and other medications such as erythromycin may 
cause diarrhea. Tenesmus is the recurrent or persistent 
urge to defecate, even after complete evacuation, and 
may represent a disorder of the rectum. This condition 
is usually exacerbated by rocklike stool that does not 
allow for the proper passage through the sphincters. 
This may be alleviated by rectal infusions of oil to 
render the stool more slippery, by surface-acting agents 
such as dioctyl sodium sulfosuccinate, or by digital 
evacuation. The constant urge to defecate in the 
absence of appreciable content in the rectum may be 
caused by external compression of the rectum, by 
intrinsic neoplasms, and, particularly, by inflammation 
of the rectal mucosa.
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syndrome–diarrhea predominant type (IBS-D) or 
others seen predominantly in children such as intus-
susception. IBS-D patients usually do not have symp-
toms at night, and their symptoms resolve with fasting.

Patients who present with fatty diarrhea may com-
plain of foul-smelling stool, steatorrhea, or a film left 
in the toilet after defecation. Fatty diarrhea can result 
from either malabsorption or incomplete digestion. 
The differential diagnosis for disorders of malabsorp-
tion is extensive, and can result from disorders of poor 

DIarrhea

The World Health Organization lists diarrheal diseases 
as the seventh leading cause of death and the leading 
cause of malnutrition for children under the age of 5 
years. Unfortunately, 760,000 children in this age group 
die each year from most infectious causes of diarrhea 
that could be prevented with improved public health 
measures such as clean water, proper hygiene, and ade-
quate hospital care.

Diarrhea is defined as three or more loose or watery 
stools in a 24-hour period and is usually subdivided 
further based on length of illness. An acute episode of 
diarrheal illness lasts less than 14 days, chronic diarrhea 
lasts at least 30 days, and persistent diarrhea has a dura-
tion between those of the other two forms. The most 
common cause of acute diarrhea is infection, with the 
most likely pathogen being a viral entity such as rota-
virus or norovirus. Most cases of infectious diarrhea are 
clinically indistinguishable from one another and 
resolve spontaneously without major medical interven-
tion. As a practitioner, one should inquire about recent 
travel, diet, history of contact with another sick person, 
or antibiotic use to rule out food poisoning and other 
causes of infectious diarrhea. Patients who present with 
hypovolemia, bloody diarrhea, six or more stools in a 
day, and abdominal pain lasting for 1 week or patients 
who are either over the age of 65 years or immunocom-
promised should warrant further workup. A more 
detailed explanation of infectious diarrhea is described 
in its own section.

Chronic diarrhea is typically noninfectious and is 
separated into three broad categories based on the con-
sistency of the stool as watery, fatty, or inflammatory. 
These three categories are nonexclusive and have con-
siderable overlap with one another. Watery diarrhea can 
be further subdivided based on results from a fecal 
osmotic gap as an osmotic disorder (> 125 mOsm/kg), 
secretory disorder (< 50 mOsm/kg), or motility disor-
der (50 to 125 mOsm/kg). Osmotic diarrhea results in 
poor absorption of nutrients, leading to a solvent drag 
into the intestinal lumen. Common causes of osmotic 
diarrhea are laxative abuse or malabsorption disorders 
such as lactose intolerance or celiac disease. On the 
other hand, secretory diarrhea results from either active 
secretion or poor absorption of nutrients in the intes-
tinal lumen. Causes of secretory diarrhea include endo-
toxins from bacteria such as Vibrio cholerae, endocrine 
problems, neuroendocrine disorders such as carcinoid 
tumor, or conditions affecting absorption such as post-
surgical resection and colitis. Finally, motility disorders 
are those of hypermobility, such as irritable bowel 
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absorption such as celiac disease, medications, infec-
tions such as tropical sprue or Whipple disease, or even 
bacterial overgrowth. On the other hand, incomplete 
digestion may occur as a result of disorders of the pan-
creas, liver, or biliary system. Inflammatory diarrheal 
disorders can result from infectious agents, inflamma-
tory bowel disease, or even malignant disease. This 
form of diarrhea usually is accompanied by leukocyto-
sis, with bowel movements that are characterized as 
bloody with pus.
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hypothyroid patient or removing an adjunct therapy. 
Less complicated causes of constipation are managed 
by encouraging a diet with 20 to 25 g of fiber daily and 
explaining behavioral modifications such as encourag-
ing more time for toileting. Pharmacologic therapy, 
such as bulking agents, osmotic laxatives, stimulants, 
surfactants, and prokinetic drugs, should only be intro-
duced if behavioral modifications fail. Biofeedback 

overvIeW of constIpatIon

Constipation is the third most common gastrointestinal 
complaint in the United States, leading to 2.5 million 
ambulatory visits and 92,000 hospitalizations annually. 
The U.S. health care system spends nearly 235 million 
dollars in the inpatient and ambulatory setting to treat 
constipation, along with hundreds of millions that are 
spent annually on over-the-counter laxatives for self-
treatment. Constipation is a symptom-based diagnosis 
often defined as less than three bowel movements in a 
week. Patients more commonly define constipation 
related to symptoms such as difficulty defecating, 
incomplete evacuation, discomfort, pain, hard stools,  
or excessive straining. In the absence of alarm signs  
and symptoms, the workup can be limited once medica-
tions affecting bowel habits have been adjusted and 
management can be pursued. Patients most likely to 
report being constipated are nonwhite, female, low-
socioeconomic-status, and elderly patients.

Constipation is classified as being primary or second-
ary in origin. Practitioners should first try to identify 
an external or secondary cause of constipation that can 
explain a patient’s current symptoms. Secondary consti-
pation can be broadly organized into six categories: 
dietary and lifestyle options, medications, structural, 
neurogenic, metabolic, or other unclassified causes. 
Common unclassified causes of secondary constipation 
are a low-fiber diet, poor fluid intake in those who are 
dehydrated, inadequate time spent attempting defeca-
tion, lack of exercise, and depression. If there are  
no obvious secondary causes, the next step is to assess 
for primary causes of constipation such as chronic  
idiopathic constipation, irritable bowel syndrome–
constipation predominant (IBS-C), slow-transit consti-
pation, and pelvic floor dysfunction, which are all 
discussed in detail in later sections.

Workups for constipation should start with asking a 
patient about diet, exercise habits, and daily bathroom 
routine. Practitioners should always ask about new 
medications and alternative over-the-counter therapies 
the patient might be taking to help explain the symp-
toms. Another important consideration is to look for 
alarm symptoms such as unexplained gastrointestinal 
bleeding, unexplained weight loss, symptoms of colonic 
obstruction, or sudden bowel habit changes that could 
suggest malignancy. Certain laboratory tests, such as a 
comprehensive metabolic panel or thyroid tests, can be 
ordered to rule out metabolic and endocrine causes 
when indicated. The physical examination should be 
focused and include a digital rectal examination to rule 
out gastrointestinal bleeding, stool impaction, or struc-
tural causes of constipation. Tests for colonic transit  
are reserved for patients who do not have pelvic floor 
dysfunction or defecatory dysfunction that has not 
responded to pelvic floor retraining.

Treatment for constipation is dependent on the root 
cause. One must first treat any underlying disease 
causing the constipation, such as giving thyroxin to a 
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modification has shown success in selected pediatric 
patients and for adults with some neurogenic causes of 
constipation and those with dyssynergic defecation. 
Botulinum toxin has shown some success with those 
diagnosed with pelvic floor dysfunction. Surgery is 
rarely needed and is reserved for conditions such as 
Hirschsprung disease, malignant disease, fissures, and 
structural causes.
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suggest that use of testing to determine transit times  
be pursued only after a defecatory disorder has been 
ruled out.

After the exclusion of secondary causes that can affect 
motility, the first-line therapy for all patients with CIC 
should be patient education, with emphasis on a healthy 
diet and better bowel habits, such as attempting defeca-
tion after meals. Patients with normal-transit constipa-
tion should be encouraged to eat a diet consisting of 20 

chronIc IDIopathIc 
constIpatIon

Functional constipation, also known as chronic idio-
pathic constipation (CIC), is a cause of primary consti-
pation as defined by the Rome III criteria illustrated in 
Plate 3-81. CIC is further subdivided by how long it 
takes food to go through the alimentary canal. The two 
classifications are normal-transit or slow-transit consti-
pation. The most popular method to determine a 
transit time is a colon marker study. In this method, a 
patient is asked to swallow one or more capsules filled 
with radiopaque rings or markers and is then scheduled 
for an abdominal x-ray to determine what percentage 
of the markers remain. There are several different pro-
tocols for this study reported in the literature, but one 
suggests a diagnosis of slow-transit constipation when 
20% or more of the markers are still present at 5 days. 
Other common modalities to measure transit time 
include scintigraphy and other capsule studies. It should 
be noted that the Bristol stool scale seems to correlate 
with transit where types 1 and 2 stool indicate slow 
transit (82% sensitivity) and types 6 and 7 best correlate 
with fast transit. CIC can also occur in conjunction with 
pelvic floor disorders. It is important to note that 
constipation-predominant irritable bowel syndrome 
(IBS-C) and CIC are distinct diagnoses that present 
very similarly, except that IBS-C must include abdomi-
nal pain or discomfort as the prominent complaint.

Normal-transit constipation is the most common 
form of CIC seen in the ambulatory setting. This con-
dition has an increased incidence of associated depres-
sion compared with other forms of constipation. 
Although the transit time in the colon is not abnormal, 
patients will perceive being constipated due to issues 
with straining, decreased frequency, size of bowel 
movements, or hard stool. On the other hand, slow-
transit constipation is the least common form of chronic 
constipation and can broadly be described as a patho-
logic condition resulting in ineffective propulsion of 
food contents through the gastrointestinal tract. Some 
possible causes of ineffective propulsion are the loss of 
the interstitial cells of Cajal seen with increased age; 
decreased frequency and strength of colonic contrac-
tions; decreased morning colonic response; and loss of 
enteric or cholinergic neurons. There may be a subset 
of patients who present with idiopathic colonic inertia 
or who may experience postinfectious alteration of the 
motility of the colon and/or other parts of the gastro-
intestinal tract.

Practitioners should first rule out secondary causes 
for all patients presenting with a new complaint of con-
stipation and treat accordingly. If the practitioner can 
find no obvious secondary cause, primary forms of con-
stipation such as CIC, IBS-C, and pelvic floor dysfunc-
tion must be considered, with initial therapy targeted 
toward lifestyle modifications to improve defecation. A 
diagnosis of CIC can be made once other causes of 
primary constipation have been considered. For patients 
refractory to empirical therapy, newer algorithms 
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to 25 g of fiber daily. Evidence shows that slow-transit 
constipation may become worse with increased fiber 
intake. Bulking laxatives are considered first-line 
therapy when increased fiber fails, but stimulant laxa-
tives may have more success in patients with the slow-
transit subtype. Medications with novel mechanisms 
targeting motility at the cellular level may be indicated. 
Finally, surgery is rarely indicated and reserved only for 
severe cases of slow-transit constipation.
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should be offered formal education, allowing for 
enough time for patients to address any questions or 
concerns they have with this diagnosis. Practitioners 
should encourage regular exercise and healthy eating 
habits. Patients should try to ingest 20 to 25 g of fiber 
daily through their regular diet, although evidence is 
weak that this helps. In some patients, ingesting higher 
levels of fiber offers no additional benefit and may actu-
ally worsen symptoms. Cognitive-behavioral therapy 

IrrItaBle BoWel synDrome, 
constIpatIon preDomInant

Irritable bowel syndrome, constipation predominant 
(IBS-C), is one of three primary causes of constipation. 
IBS has an estimated prevalence of 14.1% in the United 
States, with the constipation-predominant form seen 
more in women than men. Diagnosis is made using the 
Rome III criteria. IBS is further subdivided into the 
diarrhea-predominant form (IBS-D), constipation-
predominant form (IBS-C), and a form that alternates 
between diarrhea and constipation (IBS-M). The pre-
dominant subtype can change over the course of a 
patient’s life span. In order for the diagnosis of IBS to 
be made, the patient must have visceral pain that may 
be subjectively described as a bloating or cramping 
sensation.

Though the pathophysiology of IBS is not well 
understood, it is accepted that it involves problems 
associated with proper regulation of the brain-gut axis. 
The brain-gut axis is disturbed when one or more trig-
gers affects the homeostasis of either the central or 
enteric nervous system, leading to visceral hypersensi-
tivity, improper gut motility, and the development of 
symptoms associated with IBS. These triggers can 
range from psychologic stress such as depression or 
anxiety, enteric infections, small bowel bacterial over-
growth, colonic dysbiosis, medications, food allergies, 
and abuse. Patients who are just recovering from an 
enteric infection are at a six-fold increased risk for 
developing IBS compared with the general population. 
Identification of these triggers may indicate which 
therapies will be more effective.

Diagnosis is made by taking a comprehensive history 
and performing a focused physical examination. Order-
ing laboratory tests is reserved for addressing any alarm 
signs and/or symptoms to rule out other likely causes 
for the patient’s symptoms. The full differential diag-
nosis for IBS includes small intestinal bacterial over-
growth, celiac disease, lactose intolerance, diabetic 
gastroparesis, hyperthyroidism, carcinoid syndrome, 
inflammatory bowel disease, parasitic infections such as 
giardiasis, and colon cancer. In women, gynecologic 
problems may be a factor. All patients should be 
screened for alarm symptoms suggestive of other 
disease processes such as malignancy. Classically, 
patients who present with IBS-C come to the clinic 
complaining of constipation associated with significant 
abdominal pain that is relieved with defecation. As long 
as no alarm symptoms or physical examination findings 
are present, the diagnosis of IBS can be made using the 
Rome III criteria, with no additional diagnostic workup. 
It is good to screen all newly presenting patients with 
IBS for a history of sexual, physical, or emotional abuse 
with sensitivity and available resources as necessary.

Without alarm signs and symptoms, the practitioner 
can proceed to management. Management is tailored 
toward a patient’s presenting symptoms. All patients 
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has been shown to be effective for patients who develop 
IBS because of an underlying psychologic condition 
such as anxiety. Laxatives approved to treat constipation 
include agents such as polyethylene glycol, lactulose, 
linaclotide, and lubiprostone; all can stimulate gut 
motility. Finally, the 5-HT4 agonist prucalopride is a 
promising new therapy shown to stimulate gut motility 
in cases of severe constipation; its use is still awaiting 
approval in the United States.



	 Colon

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 197

cause. Women are at increased risk for rectoceles with 
advanced age. Factors that lead to pelvic floor muscle 
weakening can also result in a rectocele, including 
vaginal delivery, trauma during delivery, a history of 
straining, or prior rectal surgery. A rectocele must be 
at least 2 cm in size to be considered clinically signifi-
cant. Bimanual rectal and pelvic examination can be 
used to make the diagnosis, and defecography is con-
sidered the gold standard test to determine the overall 
size and position. Generally, rectoceles are treated using 

pelvIc floor DysfunctIon 
anD constIpatIon

Constipation as a result of pelvic floor dysfunction may 
stem from a broad category of disorders that includes 
conditions such as dyssynergic defecation, descending 
perineum syndrome, stool impaction, and rectocele. 
Pelvic floor disorders are fairly common, with nearly 
23.7% of all women suffering from at least one 
disorder.

Dyssynergic defecation is diagnosed by first meeting the 
Rome III criteria for functional constipation in addition 
to the requirements as shown in the image. Patients 
may present with symptoms associated with straining 
on defecation, incomplete evacuation, and bloating and 
will demonstrate incomplete relaxation of the external 
anal sphincter when asked to bear down during the 
digital rectal examination or on manometry or electro-
myography. This diagnosis can be confirmed with 
physiologic testing such as anorectal manometer or 
balloon expulsion testing. Delayed colonic transit may 
also be seen on colon marker studies or with colonic 
transit scintigraphy; it may be difficult to determine if 
this is secondary to outlet delay from the dyssynergia 
or an additional problem. For this reason newer algo-
rithms in the evaluation and treatment of constipation 
point out that transit studies are only performed after 
an expulsion problem is excluded.

The best therapy for dyssynergic defecation is bio-
feedback therapy using operant conditioning. This 
form of therapy uses an electromyogram or balloon 
probe placed in the patient’s rectum and provides 
instant feedback related to muscle activity to overcome 
their dyssynergia through improved posture, more 
coordinated efforts for pushing, and improved sensa-
tion of stool during defecation.

Descending perineum syndrome is defined as a decent of 
the peritoneum of 3 cm or more upon defecation or 
4 cm or more at baseline. Patients will present with 
constipation associated with dyschezia and straining. 
The best diagnostic examination is barium or magnetic 
resonance defecography, which demonstrates the neces-
sary degree of decent to make the diagnosis. There is no 
current standard of therapy for descending perineum 
syndrome; most practitioners suggest biofeedback 
therapy to correct the excess straining or, in severe cases, 
isolated retroanal levator plate myorrhaphy surgery.

Fecal impaction is one of the most common causes of 
constipation in older adults and patients seen in the 
hospital setting and may be a sign of another underlying 
disorder such as dyssynergic defecation. Typically 
patients have abnormal sensation with the accumula-
tion of stool in the rectum, which can desiccate over 
time. Some patients present with diarrhea or fecal 
incontinence as liquid stool seeps around the impaction 
and through the anal canal. The diagnosis can usually 
be made by appreciating stool on digital rectal examina-
tion or seeing excess stool on diagnostic imaging with 
an x-ray or CT scan. Manometric testing will typically 
reveal abnormal sensation and high rectal compliance. 
The first step in management should be colonic decom-
pression. A second therapeutic option should be the 
introduction of enemas or suppositories for relief. A 
good strategy is to keep the rectum clear with a regular 
bowel regimen, which may include a low-residue diet 
to decrease the mass of feces delivered to the colon.

A rectocele is a herniation of the colon into the ante-
rior or posterior wall of the pelvis; weakness of the 
rectovaginal septum is generally accepted as the main 
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Rome III diagnostic criteria for functional
defecation disorders*

1. The patient must satisfy diagnostic criteria for
     functional constipation**
2. During repeated attempts to defecate must have
     at least two of the following:
        a. Evidence of impaired evacuation, based on
             balloon expulsion test or imaging
        b. Inappropriate contraction of the pelvic floor
             muscles (i.e., anal sphincter or puborectalis)
             or less than 20% relaxation of basal resting
             sphincter pressure by manometry, imaging,
             or EMG
        c. Inadequate propulsive forces assessed by
             manometry or imaging
* Criteria fulfilled for the last 3 months with symptom
   onset at least 6 months prior to diagnosis
Reprinted with permission from Rome Foundation
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Fecal impaction, or a large amount of hard stool in the distal 
rectum obstructing the anal outlet. The presence of a fecal
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a combination of diet modification, improved bowel 
habits, and biofeedback therapy. Surgery is reserved for 
rectoceles greater than 3 cm with coexisting vaginal 
prolapse or those that fail initial medical therapy; one 
must recognize that outcomes from surgical interven-
tions are disappointing. Another structural problem 
that can have functional consequences is enterocele, 
which is prolapse of the small bowel with pressure to 
the upper wall of the vagina; in some cases there could 
be an impact on the large intestine or rectum.
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musculature. Pelvic MRI has the best diagnostic yield 
for determining the integrity of the internal anal 
sphincter. Pudendal nerve terminal motor latency is 
another option for evaluating nerve integrity.

Medical therapy should be focused on the underlying 
cause of incontinence and is outlined in this plate. Bio-
feedback therapy uses operant conditioning to retrain 
patients to reduce episodes of fecal incontinence 
through a series of techniques using balloons or elec-
tromyography. Consideration of surgery must take into 

fecal IncontInence

Fecal incontinence is the unintentional and/or acciden-
tal loss of stool. Studies have shown that this condition 
is found in higher prevalence in those over 65 years of 
age, secondary to certain historical factors in the obstet-
ric history, those in poor general health, and those with 
physical limitations. This condition alone can plague 
nearly 50% of all nursing home clients and leads to a 
significant financial burden to the health care system. 
The development of fecal incontinence in adults can be 
emotionally devastating. The associated stigma alone 
prevents many from seeking proper therapy to alleviate 
their symptoms.

Fecal incontinence can result from damage to the 
nerve supply or musculature responsible for sensing and 
controlling the anal sphincter muscles and puborectalis 
muscle. Neurologic conditions, such as spinal cord inju-
ries, diabetes leading to peripheral neuropathy, and 
multiple sclerosis, can either weaken the muscles 
responsible for defecation or decrease the sensation of 
feces in the rectum. Another common cause of incon-
tinence is a decreased storage capacity of the rectal 
vault. Illnesses that fall into this category are adverse 
side effects from radiation therapy or surgery for condi-
tions such as ulcerative colitis and other conditions 
resulting in colitis. Increased compliance as seen in 
megarectum may also result in incontinence by liquid 
material seeping around a stool impaction.

Obstetric injuries are the most common cause of 
trauma leading to incontinence and deserve special 
attention. Disorders collectively known as obstetric 
anal sphincter injuries are the most common cause of 
fecal incontinence in women and result in a decreased 
desire for sexual intercourse and future childbearing. 
Certain adverse outcomes, such as third- and fourth-
degree lacerations during vaginal delivery, can result in 
damage to both the pudendal nerve and surrounding 
musculature. Other risk factors putting women at 
higher risk of obstetric anal sphincter injuries are 
forceps delivery and improper fetal head position 
during delivery, large babies, and a long second stage 
of labor. Fecal incontinence may occur immediately 
after delivery, but development of fecal incontinence 
later in life may potentially be associated with degen-
erative changes over time related to pudendal neuropa-
thy and/or muscle weakness. All health care professionals 
should ask about problems with both fecal and urinary 
incontinence after delivery to encourage early medical 
intervention.

The first step in evaluation of fecal incontinence is 
to take a detailed history that focuses on describing the 
nature of the symptoms in addition to how the disorder 
interferes with daily life. Physical examination, includ-
ing a digital rectal examination, should determine if the 
patient has a sphincter defect or other noticeable cause 
for incontinence. The digital rectal examination allows 
the practitioner to evaluate the overall resting tone of 
the internal anal sphincter. The external sphincter pres-
sure can be assessed by asking the patient to voluntarily 
contract the anal muscles.

Anorectal manometry can access sphincter strength, 
tone, and perception to sensation. If a patient has a 
suspected sphincter defect or obstetric trauma or is a 
good surgical candidate, the diagnostic workup should 
include anal ultrasound to evaluate the integrity of the 

Plate	3-83	

Sigmoid colon
Rectum

Internal anal sphincter

Multilumenal probe for balloon reflex manometry 
used to distend rectum and record intralumenal 
rectal pressures.

External anal sphincter

Algorithm for the diagnosis and management of fecal incontinence

Clinical evaluation
inlcuding digital rectal

examination

Treat underlying disease
and manage bowel

disturbances

Consider anal
imaging, EMG if

appropriate

Consider
sphincteroplasty or

sacral nerve stimulation
if appropriate

Treat local
anorectal problems

Persistent
symptoms

Rectal balloon
expulsion

Evacuation
disorder

Pelvic floor
retraining

Persistent
symptoms

Rectal
sensation

Reduced Abnormal

Anal
manometry

Normal
pressures

Weak
pressures

(From Whitehead WE, Bharucha AE.  Diagnosis and Treatment of Pelvic Floor Disorders: What’s New and What to Do.
Gastroenterol. 2010; 138(4):1231-1235.)

account many presenting factors and the cause. Sphinc-
teroplasty is the best therapy for those with identifiable 
sphincter defects and who are good surgical candidates. 
This technique tries to restore normal anal sphincter 
function but has variable long-term success. Other  
surgical techniques include dynamic graciloplasty, 
rectal augmentation, fecal diversion, and even artificial 
sphincter. Novel therapies include sacral or tibial nerve 
stimulation, radiofrequency, injectable bulking materi-
als, and plug devices.
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triptyline have also shown promising results in reducing 
colonic transit time and generating more formed stool.

Other medical therapies available to treat diarrhea 
are those that work inside the lumen of the gut. Bismuth 
subsalicylate is a popular treatment for traveler’s diar-
rhea and microscopic colitis that has demonstrated both 
antimicrobial and antisecretory effects. Bile acid–
binding agents (e.g., cholestyramine) may be the best 
therapy for those diagnosed with idiopathic diarrhea 
because it is hypothesized that some of these patients 
may have poor absorptive function of bile acids.

meDIcal therapy for 
motIlIty DIsorDers

The following sections will try to address current treat-
ment options available for constipation and diarrhea, 
including probiotic therapy.

CONSTIPATION

A comprehensive summary of classes of medications 
used to treat constipation includes bulk laxatives  
(e.g., psyllium), surfactant laxatives (e.g., docusate), 
osmotic laxatives (e.g., polyethylene glycol), stimulant 
laxatives (e.g., bisacodyl), chloride channel activator 2 
(e.g., lubiprostone), guanylate cyclase-C agonists (e.g., 
linaclotide), and µ-opioid receptor antagonists (e.g., 
methylnaltrexone and alvimopan). A 5-hydroxytrypta-
mine receptor 4 (5-HT4) agonist, tegaserod, was 
removed from the U.S. market by the Food and Drug 
Administration (FDA) due to an increased risk of 
adverse cardiovascular events. Other drugs not available 
in the United States are the 5-HT4 agonists prucalo-
pride, mosapride, and cisapride; mixed 5-HT4 agonist 
and 5-HT3 antagonist (e.g., renzapride); guanylate 
cyclase-C agonist (e.g., plecanatide), and bile acid–
resorption inhibitor (e.g., elobixibat).

Laxative abuse is a major problem in health care and 
is seen in both the inpatient and outpatient settings. 
Chronic laxative abuse can lead to electrolyte imbal-
ances and acid-base disorders that result in cardiovas-
cular and renal compromise and possible death. Patients 
who are at highest risk to develop laxative abuse are 
those who play sports with weight restrictions and or 
have a history of an eating disorder. The largest popula-
tion at risk is middle-aged and older adults who hold 
the misconception that chronic laxative use is necessary 
to have a daily bowel movement. Patients should be 
educated on the dangers of chronic laxative use. Prac-
titioners should encourage a diet of 20 to 25 g of fiber 
daily while promoting better toileting habits.

DIARRHEA

Most cases of diarrhea are managed with supportive 
therapy and, if appropriate, antibiotics. Other medical 
therapies are generally reserved for symptomatic relief 
of severe diarrheal illness, irritable bowel syndrome, 
and chronic diarrheal illness. The µ-opioid agonists 
(e.g., loperamide or diphenoxylate) are the most fre-
quently used medications to treat both chronic and 
acute episodes of diarrhea. These medications are pre-
ferred over other µ-opioid agonists such as morphine 
and codeine because of their inability to cross the 
blood-brain barrier and affect the central nervous 
system. Loperamide is the most commonly used agent 
that works by slowing transit time through the alimen-
tary canal. Another frequent medication used for diar-
rheal symptoms combines diphenoxylate with the 
anticholinergic drug atropine. The 5-HT3 antagonist 
alosetron was an approved therapy for irritable bowel 
syndrome until the FDA removed the drug from the 
market because of an association with ischemic colitis. 
Tricyclic antidepressants such as desipramine and nor-
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PROBIOTICS

Some researchers theorize that disruption of the normal 
gut microbiome may result in bowel dysfunction. 
Growing literature supports the finding that probiotics 
can restore the normal microbiome of the body and 
might be useful in promoting bowel regularity. Bifido-
bacterium infantis has been shown to relieve gastrointes-
tinal symptoms and improve motility; however, more 
research is needed on probiotics before they become 
mainstay therapy.
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ischemic bowel, and diverticulitis. The pathophysio-
logic characteristics of this condition are not yet fully 
understood; inflammation to the muscularis propria is 
thought to result in dilatation of the smooth muscle. 
Nitric oxide may be one of the major contributors 
leading to the relaxation and dilatation. Imaging studies 
such as x-ray usually demonstrate a loss of haustrations 
in addition to the typical colonic dilatation. This 

chronIc colonIc 
pseuDooBstructIon anD 
toxIc megacolon

The term megacolon refers to dilation of the cecum to 
greater than 12 cm or dilation of the sigmoid colon to 
6.5 cm or more. Adverse events such as intestinal isch-
emia and perforation are directly related to size and 
how long a patient has had the megacolon. This condi-
tion is broken up into three different categories, and 
each is described as simulating a mechanical obstruc-
tion in presentation with no evidence of true impedi-
ment or anatomic lesions. The first is acute colonic 
pseudoobstruction, or Ogilvie syndrome, which is dis-
cussed in greater detail on Plate 3-86.

Chronic colonic pseudoobstruction is a less common cause 
of distention of the colon. The most common cause in 
children is Hirschsprung disease, a condition character-
ized by the failure of normal migration of neural crest 
cells through the colon, resulting in aganglionic bowel 
(see also Plates 3-27 to 3-29). This disorder is com-
monly found in babies born with Down syndrome and 
is strongly suspected when a newborn fails to pass 
meconium in the first few days of life. The gold stan-
dard for diagnosis is rectal biopsy. Treatment involves 
surgical removal of the aganglionic bowel with approxi-
mation of the functionally normal bowel to the anus.

In the adult population, chronic colonic pseudoob-
struction has primary and secondary causes resulting 
from an underlying neuropathy of the enteric nervous 
system, a myopathy of the smooth muscle of the bowel, 
or a problem with the interstitial cells of Cajal. Primary 
causes are either inherited or develop sporadically; sec-
ondary causes are generally acquired and a sign of 
advanced disease. Some secondary causes are connec-
tive tissue disorders (e.g., systemic scleroderma or sys-
temic lupus erythematosus), infections (e.g., Chagas 
disease), metabolic disorders (e.g., diabetes, hypothy-
roidism), neuromuscular conditions (e.g., amyloidosis 
or Parkinson disease), and idiopathic myenteric gangli-
onitis. Use of certain medications (e.g., opioids and 
medications for Parkinson disease) may also be a sec-
ondary cause, For most patients, the cause of chronic 
colonic pseudoobstruction is never determined. Treat-
ment is usually conservative, with medical therapy 
directed toward alleviating constipation.

Toxic megacolon is a serious secondary medical com-
plication characterized by colonic distention of 6 cm or 
more shown on imaging in addition to systemic toxicity, 
as outlined in this plate. Diagnosis is made if a patient 
has three of four major criteria and at least one minor 
criterion. The major criteria are fever higher than 38.6° 
F, heart rate of more than 120 beats per minute, anemia, 
or a white blood cell count of more than 10,500/µL. 
The minor criteria are mental status changes, electro-
lyte imbalances, hypotension, and dehydration. The 
most common cause of toxic megacolon is irritable 
bowel disorder; the condition is seen more often with 
ulcerative colitis than with Crohn disease. Infections 
are the other common causes of this disorder, with 
pseudomembranous colitis caused by Clostridium difficile 
being the most common one; there are also cases 
reported with Campylobacter, Yersinia, Shigella, cytomeg-
alovirus, Entamoeba histolytica, Aspergillus, and Cryptospo-
ridium infections. Less common causes are side effects 
from radiation therapy, colonic lymphomas, volvulus, 
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A 78-year-old man with TM complicating acute colitis.
Axial contrast-enhanced CT shows air-filled transverse
colon distension (star) associated with colonic wall
thinning.

(From Moulin V, Dellon P. Toxic megacolon in patients with severe acute colitis: computed tomographic
features. Clin Imaging 2011;35:431-436.)

A 35-year-old woman with TM complicating
ulcerative colitis. Coronal contrast-enhanced
CT scan with lung window setting shows
abnormal haustral pattern of the dilated
transverse colon and nodular pseudopolyps
(arrowheads).

Megacolon

Toxic megacolon

CHRONIC COLONIC PSEUDOOBSTRUCTION/MEGACOLON

disorder is life-threatening and requires immediate 
medical attention that starts with placing a patient on 
intravenous fluids and bowel rest, and the insertion of 
a nasogastric tube. High-dose steroids are the gold 
standard therapy for patients with ulcerative colitis who 
develop toxic megacolon. Surgical intervention is fre-
quently needed and reserved for those who either fail 
medical therapy or are very acutely ill.
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bowel is intact, a cecostomy tube can be placed to 
relieve the distention.

Conservative management is successful in about half 
of the cases with no concerning signs on presentation. 
Spontaneous perforation occurs in about 3%, with a 
mortality rate of about 50%. Typically the course 
resolves in 3 days. Endoscopic decompression is suc-
cessful in 60% to 90% of cases, but with a recurrence 
rate of up to 40%. Recurrence can be decreased with 

ogIlvIe synDrome

Ogilvie syndrome, also known as acute pseudoobstruction 
of the colon, presents with painless, progressive abdomi-
nal distention related to paralytic ileus of the large 
bowel. There is no mechanical obstruction as the cause 
of the distention, but significant dilatation of the cecum 
can occur, compromising its blood supply and ulti-
mately resulting in gangrene and perforation. Risk 
factors are trauma, infections such as pneumonia, 
obstetric/gynecologic conditions, myocardial infarction 
or congestive heart failure, neurologic conditions, or 
electrolyte imbalances; abdominal and pelvic surgery 
and orthopedic procedures may also be risk factors. The 
syndrome is thought to be related to sympathetic 
nervous overactivity, resulting in atony of the distal 
colon from interruption of the S2-S4 parasympathetic 
nerve fibers.

Patients typically present with nausea, vomiting, 
abdominal pain, constipation, or diarrhea after a few 
days of hospitalization for other causes. Those afflicted 
are usually males over age 60 years. On physical exami-
nation, patients are found to have a significantly dis-
tended abdomen and high-pitched bowel sounds. 
Laboratory studies may reveal electrolyte imbalances 
that may be related to a cause for the distention.

The diagnosis is supported by plain films, which 
show distention of all or part of the colon with loss of 
the haustral markings. Contrast enema can be per-
formed to document the lack of a mechanical obstruc-
tion. Colonoscopy can be diagnostic and therapeutic, as 
well. The possibility of bowel ischemia or perforation 
should be considered if there is localized tenderness, 
leukocytosis, metabolic acidosis, or clinical deteriora-
tion indicating sepsis. CT scan may be helpful to rule 
out any other cause for obstruction and can help  
differentiate between toxic megacolon and Ogilvie 
syndrome.

Patients should be resuscitated, with care taken to 
correct any metabolic or electrolyte imbalances.  
Serial physical examination and abdominal radiographs 
should be performed to determine if colonoscopic 
decompression or surgical intervention is required. If 
colonic distention is less than 12 cm, conservative man-
agement can be continued. Nasogastric decompression 
may also be helpful in preventing swallowed air from 
worsening the condition. If there is concern for isch-
emia, surgery is warranted, with resection of any 
necrotic segment and proximal ostomy creation. If the 

Plate	3-86	

Abdominal CT scout view showing cecal distention of approximately 10 cm

Abdominal CT suggestive of nonobstructive cecal distension

From White L, Sandhu G. Continuous neostigmine infusion versus bolus neostigmine in refractory
Ogilvie syndrome. AJEM: Elsevier, Philadelphia, 2011. 29/5: 576.

placement of a decompressive colonic tube. Neostig-
mine, a cholinesterase inhibitor, can produce colonic 
decompression in 80% to 100% of cases, with a recur-
rence rate of 5%. It may cause bradycardia, hypoten-
sion, or dizziness, and is excreted by the kidneys, so 
caution should be taken in patients where this may be 
an issue. For patients without a contraindication, neo-
stigmine should be considered as a first-line therapy 
prior to colonoscopy or surgical intervention.
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SCLERODERMA

Progressive systemic sclerosis is a connective tissue dis-
order that affects the GI tract in the majority of patients. 
The primary site of involvement in the GI tract is  
the muscularis propria. Fragmentation of the smooth 
muscle followed by collagen deposition and fibrosis are 
the underlying mechanisms in GI involvement by this 
disease. Changes seen in the small arteries also play a 
role in the pathogenesis of the disease and its clinical 
manifestations.

colonIc Involvement In 
systemIc DIseases

DIABETES

Diabetes mellitus is a chronic metabolic disease in 
which there is an inability to regulate blood sugar. It 
affects virtually every organ system in the body, with 
the degree of involvement being dependent on the 
severity and duration of the disease.

The majority of patients with diabetes mellitus report 
significant gastrointestinal (GI) symptoms. Due to the 
rise in the disease prevalence, the number of diabetic 
patients with GI involvement is also increasing.

The entire GI tract from the oral cavity and esopha-
gus to the large bowel and anorectal region can be 
affected by diabetes. Thus, the symptom complex  
that may be experienced by any individual can vary 
widely. Common complaints may include reflux, dys-
phagia, early satiety, nausea and vomiting, constipation, 
abdominal pain, diarrhea, and fecal incontinence. In 
this section we will discuss intestinal involvement, 
which may present as diarrhea, constipation, or fecal 
incontinence.

Diarrhea in patients with diabetes can be multifacto-
rial and can occur during the day but more often at 
night.

Impaired motility, which can lead to stasis and bacte-
rial overgrowth, hypermotility due to decreased sympa-
thetic inhibition, bile salt malabsorption, pancreatic 
insufficiency, celiac disease, and side effects of medica-
tions should be considered when evaluating diabetic 
patients with diarrhea. Fecal incontinence can be 
present; in diabetics, it may be due to abnormal anal 
sphincter function and/or sensory deficits. A typical 
presentation may be a male diabetic patient presenting 
with nocturnal soiling.

Electrolyte and fluid replacement and good blood 
glucose control are the mainstays of treatment. Correc-
tion of the underlying mechanism should be considered 
if possible, with an antidiarrheal to be taken for symp-
tomatic relief as needed. The risk of megacolon should 
be considered when using antidiarrheal agents.

Clonidine, an alpha 2-adrenoreceptor agonist, which 
stimulates intestinal fluid and electrolyte absorption, 
and octreotide, a somatostatin analog, may also be used 
in some patients.

Constipation, which may alternate with diarrhea, is 
one of the most frequent gastrointestinal complaints  
in diabetic patients. Megacolon or intestinal pseudoob-
struction due to severe constipation is rare. Suggested 
causes for constipation are impaired gastrocolic reflex 
and neuronal dysfunction of the colon. In patients  
with constipation, hydration, fiber intake, regular  
physical activity, and laxatives as needed should be 
recommended.

As noted above, diabetic neuropathy can affect rectal 
sensation, leading to fecal incontinence. However, diar-
rhea could be a contributing factor, and making sure 
that stool is well formed could be an initial strategy 
because it is easier to maintain continence with formed 
stool. Treatment may include fiber supplements and 
antidiarrheal agents. Biofeedback may help some 
patients via improving the rectal sensory threshold and 
increasing the anal sphincter tone.

Plate	3-87	

Faintness and dizziness on arising from chair

Autonomic instability;
orthostatic hypotension

Autonomic neuropathy can affect bowel function with resulting diarrhea and/or constipation, urinary
and fecal incontinence, and sexual dysfunction

Diabetes
DIABETES AND SCLERODERMA

Scleroderma

Noncontrast axial CT in soft-tissue window
from scleroderma patient. Curvilinear
collections of subserosal gas are present in
the nondependent and dependent wall of the
descending colon.

Impotence

Diarrhea,
constipation

Incontinence
(fecal and urinary)

Patients with scleroderma involving the small and 
large intestine may suffer from gastrointestinal  
symptoms, including diarrhea, constipation, bloating, 
abdominal pain, gastrointestinal bleeding, fecal urgency, 
and incontinence. Patients with affected colonic motil-
ity may have severe constipation with fecal impaction, 
stercoral ulcers, rectal prolapse, and colonic distention; 
in more severe cases, bowel obstruction may occur.

Wide-mouthed diverticula are true diverticula seen in 
patients with scleroderma. These diverticula form 
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The cause is unknown. Although the stomach is the 
most common site of GI tract involvement, sarcoidosis 
has been reported in other portions of the tract. It also 
has been reported rarely in association with inflamma-
tory bowel disease. The involvement of the colon and 
rectum is extremely rare. Abdominal pain is the most 
common symptom. Reported findings during colonos-
copy include erosions, polyps, nodules, strictures, and 
small bleeding sites.

because of the uneven involvement of the atrophic 
changes in the muscularis propria of the colon. Pneu-
matosis cystoides intestinalis may also be seen in connec-
tive tissue diseases, including scleroderma. X-ray and 
CT scan will show gas in the small and large bowel wall, 
and there may be evidence of free air. Gastrointestinal 
bleeding may occur as a result of diverticulosis, telan-
giectasias, or stercoral ulcers.

Anorectal dysfunction occurs commonly in these 
patients. The manometric abnormalities may include 
decreased internal anal sphincter resting pressure, 
decreased or absent rectoanal inhibitory reflex, and 
reduced rectal compliance secondary to the collagen 
replacement of the muscularis propria and smooth 
muscle.

Treatment is largely aimed at alleviating symptoms. 
In patients with constipation, conservative measures of 
increasing fluid intake and laxatives should be tried first. 
Prokinetic agents can be offered to patients with colonic 
inertia, but unfortunately, they may not be successful.

Diarrhea due to bacterial overgrowth should be 
treated with antibiotics because it can contribute to 
fecal incontinence, although there is a high recurrence 
rate. Antidiarrheal agents should be used cautiously 
because of the risk of pseudoobstruction. Patients with 
fecal incontinence may benefit from biofeedback. Pos-
terior anal sphincter repair, local injection of synthetic 
biopolymer, and implanted sacral nerve stimulator may 
be helpful in selected patients.

AMYLOIDOSIS

Amyloid proteins are insoluble fibrils that are accumu-
lated extracellularly or intracellularly in many organs in 
patients with amyloidosis and alter the normal function 
of the affected organs. Involvement of the GI tract is 
commonly seen in systemic amyloidosis and is most 
often secondary to mucosal or neuromuscular infiltra-
tion. Patients who have amyloidosis of the GI tract 
proven on biopsy commonly present with weight loss 
and GI bleeding. Many of these patients will have depo-
sition of amyloid substance in the wall of small vessels, 
rendering them fragile, which results in bleeding. 
Common GI symptoms include abdominal pain, 
nausea, vomiting, diarrhea, constipation, and weight 
loss. GI bleeding, motility dysfunction, malabsorption, 
and perforation can also be seen.

Disorders known to be associated with amyloidosis 
include chronic inflammatory diseases, plasma cell dys-
crasia, and renal failure requiring dialysis. The latter is 
due to the fact that large proteins may not be removed 
in the dialysis process and can accumulate with deposi-
tion in tissues. This is becoming less common with 
improved dialysis techniques.

The diagnosis is established by demonstration of 
amyloid in the biopsy through special stains such as 
Congo red and thioflavin T, but unequivocal identifica-
tion of amyloid requires electron microscopy.

Treatment is usually directed at the underlying cause 
of amyloidosis and symptomatic relief of the GI 
manifestations.

SARCOIDOSIS

Sarcoidosis is a systemic granulomatous disease charac-
terized by the presence of noncaseating granulomas. 
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The diagnosis is based on the presence of noncaseat-
ing granulomas in the biopsy specimen of the affected 
GI tract section, negative stain and culture, and exclu-
sion of a sarcoidlike reaction caused by cancer or a 
foreign body; it is supported by involvement of other 
nongastrointestinal organs by the disease.

Symptomatic cases can be treated with steroids. 
Asymptomatic patients generally do not require treat-
ment but should be monitored.

colonIc Involvement In 
systemIc DIseases (Continued)
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of the anal verge to be amenable to this method. The 
recurrence rates have been found to be higher than 
those with formal resection because of the fact that local 
lymph nodes are not sampled with the excision and may 
be harboring disease.

Laparoscopic colectomy has been shown to be equiv-
alent oncologically to open colectomy. This adds the 
benefit of smaller incisions, less discomfort, and a 
quicker postoperative recovery time.

malIgnant tumors of  
large IntestIne

Colorectal cancer is the third most common cancer in 
men and women in the United States. About 143,000 
patients are diagnosed each year, with 51,000 deaths 
annually. The lifetime risk of developing colorectal 
cancer is 6%. The overall incidence and mortality rate 
have been declining for men and women over the last 
few decades. Colon cancer is three times more common 
than rectal cancer. Studies show an increasing incidence 
of right-sided colon cancers, a finding thought to pos-
sibly relate to environmental factors or increased 
screening leading to early detection of these lesions.

Colorectal cancers are felt to develop along the 
adenoma-to-carcinoma sequence. This has been found 
to result from chromosomal instability due to muta-
tions in genes such as APC, p53, and K-ras. Others have 
been shown to be due to microsatellite instability, which 
results in aberrant DNA mismatch repair with muta-
tions in BAX, TGF-BIIR, and BRAF. These tumors are 
typically more proximal and have a better prognosis. 
This is the pathway through which patients with Lynch 
syndrome develop cancer. Excessive gene methylation 
has also been implicated in the development of colorec-
tal cancers.

Risk factors for the development of colorectal cancer 
are age over 50 years, a personal or family history of 
colorectal cancer or adenomas, or a personal history of 
inflammatory bowel disease. Sporadic cancers make up 
75% of all colorectal cancers. Only 10% of cancers 
occur in those under age 40 years. Large villous lesions 
are most likely to harbor malignancy.

The mainstay of treatment for colorectal cancer is 
surgery. Adjuvant chemotherapy is administered to 
reduce the risk of distant recurrence. In patients with 
rectal cancer, neoadjuvant chemotherapy may be 
administered to improve resectability, aid in sphincter 
preservation, and reduce local and distant recurrence. 
Surgery is typically reserved for those patients in whom 
cure is possible with surgery, or those who have symp-
toms such as obstruction or bleeding. With the effec-
tiveness of neoadjuvant treatments, fewer patients 
require abdominoperineal resection and permanent 
colostomy.

The goal of surgery is to remove the primary tumor 
with adequate margins and regional lymph nodes. A 
margin of 5 cm is necessary to ensure that the tumor 
and potentially involved lymphatics are excised in the 
colon, and 2 cm has been found to be adequate for 
tumors of the rectum. Lymphatic vessels tend to follow 
the vascular pedicles and so resection typically follows 
these routes.

Some malignant polyps may be amenable to endo-
scopic removal. If completely removed, with clear 
margins and no high-risk pathologic features, the 
patients can typically be observed, without the need for 
colectomy. For patients who have positive margins or 
high-risk features, such as lymphovascular or perineural 
invasion, poor differentiation, or single-cell infiltrate, a 
formal surgical resection is necessary.

For rectal cancers that are small (T1 or T2) or span 
less than one third of the bowel circumference and have 
no evidence of lymph node metastasis, transanal exci-
sion may be an option. Cancers must be within 10 cm 
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Adjuvant chemotherapy has been shown to be effec-
tive in reducing risk by 33% compared with patients 
receiving surgery alone. The basis for most treatment 
regimens is 5-fluorouracil with leucovorin. Oxaliplatin, 
a platinum-based compound, has shown greater activity 
when combined with 5-fluorouracil and leucovorin and 
has become the standard treatment regimen for patients 
with stage III colon cancer or high-risk stage II disease. 
This drug has no nephrotoxicity, but does carry risks of 



	 Colon

THE	NETTER	COLLECTION	OF	MEDICAL	ILLUSTRATIONS	 205

adenocarcinoma represents a bulky fungating mass, 
projecting into the lumen and becoming ulcerated 
rather speedily. In the well-differentiated tumor one 
finds histopathologically well-formed glands lined by 
large columnar cells with darker-than-normal cyto-
plasm and vesicular, hyperchromatic nuclei showing 
mitoses here and there. In poorly differentiated tumors, 
the glandlike structures are much less in evidence; the 
cells vary in size and display mitoses relatively fre-
quently. The scirrhous type of carcinoma infiltrates the 

neurotoxicity, myelosuppression, nausea, vomiting, and 
diarrhea. An oral version of 5-fluorouracil called 
capecitabine has shown great promise as well when 
combined with oxaliplatin for certain patients.

The disease is more common in men, the sex ratio 
being about 3 : 2. The neoplasms develop at any age but 
are most frequent between the ages of 50 and 70 years. 
It is important to realize that in about 10% of cases, the 
patients affected are under the age of 30 years, and most 
of these have not yet entered the second decade of life.

Adenocarcinomas are the most frequent malignant new 
growths of the large bowel. As a rule, only a single 
lesion is present, but multiple lesions are seen in some 
patients. It is not rare for one or more benign adenomas 
to be found nearby or elsewhere in the colon, suggest-
ing that the malignant lesion arose from a primary 
benign polyp. The possibility of cancer degeneration of 
benign adenomas is demonstrated by the following 
facts: (1) The incidence of benign adenomas in the dif-
ferent segments of the large bowel is the same as that 
of adenocarcinomas. (2) Follow-up of the untreated 
benign adenomas reveals malignant degeneration in a 
large number of cases. (3) Histopathologic studies of 
the adenomas reveal atypical cell arrangements, carci-
noma “in situ,” or invasive carcinoma in a fair percent-
age of cases. (4) In familial polyposis of the large 
intestine, the degeneration of one or more adenomas is 
frequently observed.

Chronic inflammatory conditions, such as lympho-
granulomatous rectitis, ulcerative colitis, and Crohn 
disease, are also considered to be lesions that may even-
tually give rise to malignancy. In lymphogranulomatous 
rectitis more than 10% of the untreated cases show 
squamous cell carcinoma infiltration of the rectal wall. 
In ulcerative colitis, adenocarcinoma is observed in 
more than 5% of patients who have had the disease for 
10 years or longer; some authors reported this occur-
rence in even more than 30% of their cases. The 
concern is for patients with pancolitis, particularly in 
ulcerative colitis but also in Crohn disease. Ulcerative 
colitis limited to proctitis has no associated increase for 
colorectal cancer. Colorectal cancer seen in patients 
with inflammatory bowel disease appears to progress 
from no dysplasia to indefinite dysplasia, low-grade 
dysplasia, high-grade dysplasia, and, finally, invasive 
adenocarcinoma. It is believed that colorectal cancer 
can arise without this process of step progression. The 
risk for colorectal cancer in these inflammatory condi-
tions is associated with duration and a greater anatomic 
extent of colitis, degree of inflammation, and family 
history; in ulcerative colitis, the presence of primary 
sclerosing cholangitis is a risk factor. The molecular 
alterations recognized as responsible for sporadic 
colorectal cancer (chromosomal instability, microsatel-
lite instability, and hypermethylation) appear to also 
play a role in the development of cancer in these inflam-
matory diseases.

Adenocarcinomas of the large bowel occur usually as 
nodular proliferating or scirrhous infiltrating tumors. 
Both varieties may, occasionally, undergo mucoid 
degeneration (colloid adenocarcinoma). The nodular 
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bowel wall rather than projecting into the lumen. It 
tends to encircle the gut and give rise to stenosis. In 
this type of tumor, the fibrous elements predominate 
over the epithelial elements, producing an extremely 
hard, contracted mass. The carcinomas that have 
undergone mucoid degeneration display a gelatinous 
appearance, because of their rich content in mucinous 
material. A rare variety of tumor is the papillary adeno-
carcinoma, which presents, on its surface, villous  
processes and resembles the papilloma. Infection 
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malignant tumor may reveal an amebic or other granu-
lomatous inflammatory lesion.

Epitheliomas of the anal canal are tumors that originated 
in the cutaneous coat and are nearly always of the squa-
mous cell variety; only seldom is a basal cell type encoun-
tered. They appear as a piled-up nodule or as an ulcerated 
lesion with a soft or firm base and irregular, undermined 
edges. The growth may be very small, resembling a fissure, 
or it may show a greater extension and, eventually, involve 
the entire circumference of the anus.

superimposed on a tumor may cause a suppurative 
process that may eventually spread and lead to forma-
tion of fistulous tracts, perforation, and peritonitis.

Malignant tumors of the large intestine present no 
pathognomonic symptoms. The difficulty of an accu-
rate diagnosis is, in many cases, enhanced by the fact 
that the large bowel is frequently the site of other 
pathologic processes that resemble carcinoma in their 
main clinical manifestations. Moreover, the clinical fea-
tures of carcinoma are often found to vary widely in 
different cases, the symptoms depending largely on the 
location and size of the tumor and the presence of 
complications such as ulceration, infection, and obstruc-
tion. Abdominal pain, diarrhea or constipation (or 
both), ease of fatigue, weight loss, and blood in the 
stools are the most common symptoms. With a tumor 
on the right side, the patients may, in addition to the 
mentioned symptoms, report localized pain, nausea, 
loss of appetite, and occasional vomiting. Sometimes, 
the patient may palpate a mass in the right iliac fossa. 
Weakness, loss of weight, and severe anemia are, in 
many instances, the leading signs. Increasing constipa-
tion is conspicuous in patients with a tumor on the left 
side, although in such cases diarrhea (usually mild, 
either persistent or alternating with constipation) is 
characteristic of the early stages, in which a tumor 
should be suspected when blood and mucus are found 
in the stool. Because the lumen of the colon on the left 
side is somewhat smaller than on the right, the intesti-
nal content is more consistent and formed and the 
tumors are more frequently of the scirrhous type; signs 
of intestinal obstruction become manifest with a left-
sided cancer far more frequently and earlier than with 
a tumor on the right. Obstruction, of course, when 
present, dominates the clinical picture and dictates the 
management of the case.

When the tumor is located in the rectum, the promi-
nent signs are discharge of blood mixed with mucus, 
tenesmus, and a frequent desire to defecate. Bleeding 
and persistent anal pain are the most important symp-
toms of malignant lesions of the anal canal.

For the diagnosis of malignant growth of the large 
bowel, the most important methods are digital exami-
nation and colonoscopy. Almost every case of rectal 
cancer can be easily detected by careful, methodical 
palpation of the entire rectal wall, from low down to as 
far up as possible. With a digital examination one feels 
the tumor as a bulky, indurated mass of irregular surface 
or as an ulcerated area, with a hard, raised, irregular 
border. Blood of a bright-red or dark-red color on the 
examiner’s finger, sometimes mixed with mucus, and 
with a peculiar sickly, offensive smell, reinforces the 
suspicion of the presence of a carcinoma.

The rectum and terminal sigmoid should be visual-
ized in every suspicious case. Such examination will 
reveal the characteristics of the growth, its size, its 
mobility, and the degree of obstruction of the bowel, if 
any is present. Biopsy should be taken to determine the 
histopathologic type and grade of the lesion. Some-
times, the histopathologic study of what seems to be a 

Plate	3-91	

Ulcerated
crateriform
adenocarcinoma
of upper rectum

Adenocarcinoma completely
encircling lower rectum
(sigmoidoscopic view)

Epithelioma of anal canal

Other malignant tumors that may occur in the  
large bowel, though very rarely, include carcinoids, 
leiomyosarcomas, fibrosarcomas, angiosarcomas, and 
lymphoblastomas.

Metastases of cancer of the large bowel occur in three 
ways: (1) by direct extension to contiguous structures, 
(2) via the lymphatics to regional and distant lymph 
nodes, and (3) through hematogenous dissemination to 
distant organs. The most common sites of metastases 
are the regional lymph nodes, the liver, and the lungs.

malIgnant tumors of  
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hypertrophy of the retinal pigment epithelium. Some 
may present with symptoms of polyposis, such as bleed-
ing, change in bowel habits, or abdominal pain. When 
this occurs, malignancy is present in 60% of cases. The 
clinical diagnosis is made when at least 100 colonic 
adenomas are identified.

Chemoprevention is typically not recommended for 
those with multiple polyps, but it may be an adjunct to 
treatment to reduce the appearance of new polyps or 
cause existing ones to regress. This may delay the need 

polyposIs synDromes

Various polyposis syndromes exist, which can be divided 
into adenomatous and hamartomatous polyposis syn-
dromes. Adenomatous polyposis syndromes include familial 
adenomatous polyposis (FAP), attenuated familial ade-
nomatous polyposis, MUTYH-associated polyposis, 
Lynch syndrome, and familial colorectal cancer type X. 
Hamartomatous polyposis syndromes include juvenile 
polyposis syndrome, Peutz-Jeghers syndrome, PTEN 
hamartoma syndromes (Cowden disease and Bannayan-
Riley-Ruvalcaba syndrome), and Cronkhite-Canada 
syndrome. A hereditary mixed polyposis syndrome also 
occurs, which is characterized by formation of both 
hamartomatous and adenomatous polyps.

Familial adenomatous polyposis is an autosomal domi-
nant disease, occurring in 1 of 10,000 live births. It is 
the second most common inherited colorectal cancer 
syndrome, with a variable presentation. Hundreds to 
thousands of polyps are seen throughout the colon, 
with a variety of extracolonic manifestations. The 
median age for adenoma formation is 17 years. If 
untreated, patients will develop colon cancer by age 40 
years, with death by age 44 years on average.

FAP develops due to a germline mutation in the APC 
gene on chromosome 5q21. This leads to a loss of 
heterozygosity if the second copy of the APC gene is 
mutated or lost. Patients typically present without 
symptoms, but they are screened because of their family 
history. Approximately 10% to 30% of patients will 
have a de novo mutation in the gene and, therefore, no 
family history. Some patients have extraintestinal mani-
festations, such as osteomas, extra teeth, or congenital 
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for surgery in some patients. Sulindac has been shown 
to decrease the polyp burden by 35% to 44%. Cele-
coxib has been shown to reduce adenomas in as many 
as 30% of patients.

Prophylactic proctocolectomy is recommended for 
patients with FAP in early adulthood before they reach 
the early 20s. If the rectum is left in place, close endo-
scopic follow-up with ablation of any polyps is neces-
sary because the incidence of cancer is 25% at age 20 
years. Many patients will undergo an ileal pouch–anal 
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making up 2% to 3% of all colorectal cancers. The 
family history is similar to that of patients with familial 
colorectal cancer type X, because both will meet 
Amsterdam II criteria. Surgery is typically segmental 
colectomy, rather than a prophylactic procedure.

Hamartomatous polyposis syndromes are characterized 
by benign growths of mature epithelial cells. Patients 
with juvenile polyposis syndrome may have other 

anastomosis to avoid having a lifelong ostomy. These 
patients typically have five to six stools per day and good 
continence, but decreased control and limited func-
tional outcome.

Attenuated FAP(AFAP) is similar to FAP, but there are 
fewer polyps in a more proximal colonic distribution 
with a later onset of polyps and cancer. The risk of 
development of cancer is still significant, with the life-
time risk being 69% on average. Surgical options are 
similar to those in FAP, but close endoscopic surveil-
lance can be performed for reliable patients with few 
polyps.

MUTYH-associated polyposis is an autosomal recessive 
disorder associated with multiple polyps in the colon 
and rectum. There is variable penetrance, and hetero-
zygotes show no increased risk of colorectal cancer. The 
phenotype is similar to that of AFAP, with a higher 
likelihood of proximal colorectal cancer. Cancer typi-
cally occurs between the fourth and seventh decades 
and the incidence is 100%. Extraintestinal manifesta-
tions are rare compared with familial adenomatous pol-
yposis. MUTYH-associated polyposis may be managed 
endoscopically if there are few polyps, but surgery may 
be necessary in some cases. Colectomy with ileorectal 
anastomosis is the most common procedure performed 
in these cases, with endoscopic rectal surveillance.

Lynch syndrome is an autosomal dominant syndrome 
with early onset of colorectal and other cancers. It is 
the most common familial colorectal cancer syndrome, 
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associated congenital abnormalities. Patients should be 
screened with colonoscopy until age 70 years, and 
undergo surgery if they cannot be managed endoscopi-
cally or develop symptoms.

Peutz-Jeghers syndrome is a rare syndrome with polyps 
and mucocutaneous melanin pigmentation. Most com-
monly, polyps are in the small bowel. Surveillance is 
important in these patients.

polyposIs synDromes 
(Continued)
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Sigmoidoscopy and Colonoscopy

Sigmoidoscopy can only examine the left colon but can 
be done with no or minimal sedation and requires less 
bowel preparation compared with colonoscopy. In 
general, abnormal findings would prompt colonoscopy 
for complete visualization of the colon.

Colonoscopy is highly sensitive for detection of 
polyps and cancers. It also plays a major role in cancer 
prevention because the endoscopist has the ability to 
remove the polyps in most cases. The drawbacks are the 
need for sedation and a vigorous bowel preparation in 

colon cancer preventIon

Colorectal cancer (CRC) is a major worldwide health 
problem. In the United States, CRC is the third leading 
cause of cancer deaths in both men and women. Because 
it is highly curable when diagnosed early, screening 
methods play a major role in improving the mortality 
rate and management of this type of malignancy.

The patient’s age and family history of CRC are 
nonmodifiable risk factors for this malignant disease, 
whereas smoking, obesity, a diet rich in red meat and 
nondairy fats are considered modifiable risk factors. On 
the other hand, adequate intake of vitamin D and use 
of aspirin and nonsteroidal antiinflammatory drugs 
(NSAIDs) may reduce the risk of polyps, which are the 
precursors, considered precancerous lesions, leading to 
colon cancer.

Regardless of one’s lifestyle habits, screening for and 
detection of polyps with subsequent polypectomy has a 
major role in preventing CRC development in asymp-
tomatic patients and is recommended to begin in 
average-risk patients who are 50 years old. Some groups 
advocate for earlier screening of African Americans 
beginning at 45 years of age because of a high incidence 
and younger age at presentation in this group of people.

Signs and symptoms that might indicate the presence 
of CRC include unexplained anemia, blood in the stool, 
unexplained change in bowel habits, abdominal pain, 
and narrow caliber of stool and may require further 
testing independent of the patient’s age at presentation, 
although the testing for evaluation of underlying symp-
toms is considered to be diagnostic and not for screen-
ing purposes.

Colorectal cancer screening tests are divided into 
cancer detection (stool-based tests) and cancer preven-
tion (colonoscopy, sigmoidoscopy, double-contrast 
barium enema and CT colonography) tests. Cancer 
prevention tests should be offered first.

STOOL-BASED TESTS

These tests are mostly designed for detection of early 
cancer and include the (1) guaiac-based fecal occult 
blood test; (2) fecal immunochemical test (FIT), which 
has replaced guaiac-based fecal occult blood testing and 
is the preferred cancer detection test according to the 
American College of Gastroenterology (ACG) guide-
lines; and (3) fecal DNA test.

DOUBLE-CONTRAST BARIUM ENEMA

This test is not widely used as a screening modality. The 
entire colon can be visualized during this study. 
Although it is relatively safe, DCBE is not a very sensi-
tive screening method even for large polyps. Because 
the test is purely diagnostic, abnormalities should be 
followed by colonoscopy.

COMPUTED TOMOGRAPHY COLONOGRAPHY

This imaging modality is very sensitive, and although 
there is no risk for bowel perforation and bleeding, the 
cumulative dose of radiation with repeated testing may 
increase the risk for some types of cancers. Currently, 
vigorous bowel preparation is required prior to this 
evaluation.

Based on the ACG guidelines, this test has replaced 
DCBE as the radiologic alternative when patients 
decline colonoscopy.
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Sigmoidoscopy as shown on the right is a procedure that 
advances the insertion tube up to the splenic flexure.  During 
colonoscopy the insertion tube is advanced to the right colon 
into the cecum.  In many cases the terminal ileum is intubated 

to view the distal small intestine.

addition to carrying the risk of cardiopulmonary com-
plications due to sedation, bleeding, and perforation.

Colonoscopy is the preferred test for prevention and 
detection of CRC , based on ACG guidelines.

At this time, quality colonoscopy every 10 years 
beginning at age 50 years (45 years in African Ameri-
cans) is the preferred CRC screening test. Alternative 
tests should be considered if colonoscopy is not avail-
able or if the patient declines to undergo colonoscopy.

Earlier and/or more frequent testing may be required 
if there is a family history of CRC or advanced polyps.
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promote cancer formation. KRAS gene product is 
involved in the signaling process from the cell mem-
brane to the nucleus. It encodes a small protein that is 
capable of turning off the signaling pathway when 
appropriate. A mutation in this gene, which has been 
reported in about one third to one half of CRCs, can 
cause increased replication of the colonocyte and can 
play a role in the pathogenesis of this disease.

Microsatellite instability due to MMR gene muta-
tions may also cause key regulatory gene dysfunction 

genetIcs of colon cancer

Colorectal cancer (CRC) is the third leading cause of 
cancer-related deaths. Nearly one third of affected 
patients die from the disease.

There are three different patterns of presentation, 
including (1) the sporadic pattern, which accounts for 
the majority of cases and is more common in patients 
over the age of 50 years; (2) inherited colorectal tumor 
syndromes with or without polyposis; and (3) familial 
colorectal cancer, in which the patient has a family 
history of CRC but the pattern is not consistent with 
any of the inherited syndromes.

Sporadic colorectal cancers result from a sequence of 
genetic events that cause deletion or mutation of a key 
regulatory gene as a result of loss of heterozygosity in 
the key gene, such as APC (adenomatous polyposis 
coli), DCC (deleted in colon cancer), KRAS, and P53 or 
as a result of damage to the MMR (mismatch repair) 
genes, which are involved in the repair of DNA errors.

Most colorectal cancers arise from abnormal colonic 
growths called polyps. Polyps develop when normal 
regulatory mechanisms for epithelial renewal are dis-
rupted. Based on histologic appearance, the polyps can 
further be grouped as hyperplastic, adenomatous, or 
serrated. Adenomatous polyps are further characterized as 
tubular, villous, or tubulovillous and are considered to 
be the precursors for colon cancer. Small hyperplastic 
polyps, especially the ones located in the rectosigmoid 
colon, usually lack malignant potential, but large right-
sided hyperplastic polyps may be precursors of serrated 
polyps, which can progress to cancer. This third cate-
gory, known as serrated polyps, has been recognized more 
recently; these polyps are usually large and located in 
the right colon and frequently have BRAF mutations 
and DNA methylation with increased risk of colon 
cancer.

In the following section we will review the genetics 
of sporadic colorectal cancer specifically as related to 
the adenoma-carcinoma sequence.

ADENOMA-CARCINOMA SEQUENCE

In contrast to the inherited CRC syndromes in which 
germline mutations are present, most sporadic cases of 
colon cancer result from a stepwise accumulation of 
somatic mutations in the genes involved in epithelial 
cell growth and differentiation. These mutations affect 
activation of protooncogenes and inactivation of tumor 
suppressor genes.

Spontaneous APC mutations occur early in the 
adenoma-carcinoma sequence and are present in the 
majority of cases. These mutations are believed to be 
the underlying mechanism for adenoma formation. 
Loss of the tumor suppressor gene DCC can further 
lead to the formation of more advanced adenomas. Loss 
of P53 gene function, which is designed to help with 
DNA repair or apoptosis in cases of severe injury, can 
promote the genomic instability, and it seems to be 
important in the transition from late adenoma to 
carcinoma.

Epigenetic alterations, especially DNA methylation, 
can also inactivate the tumor suppressor genes and 
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and promote cancer formation. MMR gene mutations 
are present in about 10% to 15% of sporadic colon 
cancer patients.

The ability to identify these genetic mutations can 
have a direct influence on patient care because screen-
ing methods may be developed based on specific muta-
tions, prognostic markers may be followed in the course 
of the disease, and these mutations can also influence 
the development of potentially therapeutic agents in 
patients with CRC.
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