


CLINICAL GASTROENTEROLOGY

Series Editor
George Y. Wu
University of Connecticut Health Center, Farmington, CT, USA

For further volumes:
http://www.springer.com/series/7672





Diarrhea
DIAGNOSTIC
AND THERAPEUTIC
ADVANCES

Edited by

STEFANO
GUANDALINI, MD
The University of Chicago Celiac Disease
Center, Division of Pediatric
Gastroenterology, Hepatology
and Nutrition, Chicago, IL

HALEH VAZIRI, MD
University of Connecticut Health Center,
Division of Gastroenterology,
Farmington, CT



Editors
Stefano Guandalini, MD
University of Chicago

Celiac Disease Center
Division of Pediatric Gastroenterology,

Hepatology & Nutrition
S. Maryland Ave. 5839
60637 Chicago, IL
MC 4065
USA
sguandalini@peds.bsd.uchicago.edu

Haleh Vaziri, MD
University of Connecticut

Health Center
Division of Gastroenterology
Farmington Ave. 263
06030-1845 Farmington, CT
USA
hvaziri@uchc.edu

ISBN 978-1-60761-182-0 e-ISBN 978-1-60761-183-7
DOI 10.1007/978-1-60761-183-7
Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: 2010936275

C© Springer Science+Business Media, LLC 2011
All rights reserved. This work may not be translated or copied in whole or in part without the writ-
ten permission of the publisher (Humana Press, c/o Springer Science+Business Media, LLC, 233
Spring Street, New York, NY 10013, USA), except for brief excerpts in connection with reviews or
scholarly analysis. Use in connection with any form of information storage and retrieval, electronic
adaptation, computer software, or by similar or dissimilar methodology now known or hereafter
developed is forbidden.
The use in this publication of trade names, trademarks, service marks, and similar terms, even if
they are not identified as such, is not to be taken as an expression of opinion as to whether or not
they are subject to proprietary rights.
While the advice and information in this book are believed to be true and accurate at the date of
going to press, neither the authors nor the editors nor the publisher can accept any legal responsi-
bility for any errors or omissions that may be made. The publisher makes no warranty, express or
implied, with respect to the material contained herein.

Printed on acid-free paper

Humana Press is part of Springer Science+Business Media (www.springer.com)



Preface

When we were asked by the Springer Company to consider editing
a new book regarding advances on diarrheal diseases, we immedi-
ately thought that this was an exciting idea. In fact, in spite of the
ongoing vast interest that this wide-reaching medical problem elicits
worldwide, there is an evident lack of recent books presenting updates
on the numerous disorders that the clinician may be faced with when
managing a patient with acute or chronic diarrhea in a concise, easy-
to-read manner. Thus, we worked at building a book with the aim of
providing in a conveniently accessible package a comprehensive collec-
tion of accurate and timely information on the management of diarrhea
in pediatric and adult patients.

The final product has a clinically-oriented tone directed to the
practicing physician in a broad range of qualifications and settings
including pediatric and medicine residents’ fellows pursuing a career
in gastroenterology and physicians practicing in academic and non-
academic medical environments.

In the 27 chapters, well-known and respected authorities from North
America and Europe have joined forces in covering diverse issues, from
the rarest to the most common, so as to offer the reader an exhaustive
yet concise view on disorders ranging from the very benign to the life-
threatening. The last two chapters, by the editors, provide a simplified
empirical approach to the patient with diarrhea and an update on the
emerging role of probiotics.

It is our hope and expectation that the readers will find the book
enjoyable and, most importantly, helpful in their daily practice when
facing patients with challenging diarrheal disorders.

Chicago, Illinois Stefano Guandalini
Farmington, Connecticut Haleh Vaziri
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Pathophysiology, Clinical
Classification, and Differential
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Summary

Diarrhea continues to be a challenge despite developments in science
and remains a considerable source of morbidity and mortality. A
wide variety of differential diagnoses need to be considered when
evaluating patients with diarrhea. Diarrhea can be classified based
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2 Navaneethan and Giannella

on the duration into acute, persistent, and chronic diarrhea and this
classification is important for diagnostic and treatment considera-
tions. The epidemiological settings where diarrhea is seen help the
clinician to narrow down the differential causes of diarrhea and to
investigate appropriately. Acute diarrhea can happen in the setting
of the community or it can be hospital acquired or acquired dur-
ing travel. The etiologies and the diagnostic algorithms are different
for each of these settings. The pathophysiolgy of diarrhea can be
classified based on the mechanism into secretory, osmotic, inflamma-
tory, iatrogenic/drug related, and functional/motility-related diarrhea.
The differential diagnosis and the clinical classification depend on
the basic pathophysiology with which diarrhea presents and can
be inflammatory, watery encompassing osmotic and secretory, and
fatty diarrhea. Gaining a better understanding of the pathophysiol-
ogy of diarrhea will help us to initiate better preventive and treatment
measures to improve the quality of life of these patients.

Key Words: Osmotic diarrhea, Secretory diarrhea, Inflammatory diarrhea,
Pathophysiology, Epidemiology, Definitions, Acute diarrhea, Chronic
diarrhea, Persistent diarrhea, Iatrogenic diarrhea, Drug-induced diarrhea,
Functional/motility-related diarrhea

INTRODUCTION

Diarrhea is one of the most common complaints faced by internists
and primary care physicians and accounts for many referrals to gas-
troenterologists. Acute infectious diarrhea contributes to significant
morbidity and mortality worldwide with close to 70% of diarrhea being
food borne [1]. The Centers for Disease Control and Prevention (CDC)
estimates that 76 million food borne illnesses occur annually in the
United States, resulting in 325,000 hospitalizations and 5200 deaths
[2]. In a report by the American Academy of Microbiology on the
global burden of gastrointestinal diseases in 2002, it was estimated that
6–60 billion cases of gastrointestinal illness occur annually through-
out the world [3]. A recent World Health Organization (WHO) report
estimates that 1.8 million people died, worldwide, from diarrheal dis-
eases in 2005 [4]. Although the estimates of global mortality from
diarrhea declined from approximately 4.6 million annual deaths dur-
ing the mid-1980s [5] to the current estimate of 1.8 million [4], the
morbidity of this syndrome remains substantial [5]. Most of the case
fatalities and morbidities occur in children below the age of 5 years [5].
Also the incidence of gastrointestinal infections continues to increase
[6]. A recent epidemiological study from the National Commission for
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Digestive Diseases reported that the rate of age-adjusted hospitaliza-
tions from gastrointestinal infections increased by 92.8% between 1979
(76.1 per 100,000) and 2004 (146.7 per 100,000) [6]. With the rising
incidence and severity of Clostridium difficile infection, the morbidity
and mortality is expected to increase still further [7].

Additionally, most of the morbidity estimates do not account for the
malnutrition caused by persistent diarrhea and enteropathy resulting
from chronic and recurring enteric infections and its attendant effect on
growth and development [8]. Thus the actual morbidity may be much
higher than estimated [8]. In developing countries, infectious diarrheas
are frequently disabling and contribute significantly to malnutrition and
mortality in children [9], while in the USA and other Western countries,
they are a major cause of morbidity, physician visits/hospitalizations,
and loss from work or school [10].

In contrast to acute diarrhea, chronic diarrhea is less common but
often presents diagnostic challenges and can be very difficult to man-
age. The economic impact of chronic diarrhea has not been well
studied. Available data estimate that chronic diarrhea costs more than
$350,000,000 annually from work-loss alone [11]. Chronic diarrhea
can also decrease quality of life. Although no studies have been done
to accurately assess the effect of diarrhea on quality of life, chronic
diarrhea was shown to be an independent predictor of decreased quality
of life in HIV-infected patients [12].

DEFINITION

Diarrhea is generally defined as the passage of abnormally liquid or
unformed stools associated with increased frequency of defecation [13].
Increased frequency is defined by three or more bowel movements
a day [14]. However, most patients base their diarrhea on the con-
sistency of the stool rather than the frequency of bowel movements
[15]. Since the consistency of the stool is difficult to quantitate, diar-
rhea is often defined based on stool frequency or the stool weight
alone. On a typical Western diet, the normal stool output varies from
100 to 200 g/day. Hence stool weight >200 g/day is considered diar-
rhea [13]; however, some people who consume excess fiber have stool
weights of 300 g/day or more with normal consistency which does not
necessarily mean diarrhea. Thus a combination of frequency, stool con-
sistency, and stool weight should be taken into account for defining
diarrhea [13].

Diarrhea may be further classified as acute if the duration is less
than 2 weeks, persistent if the duration varies from 2 to 4 weeks, and
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chronic if it lasts more than 4 weeks in duration [13]. This distinction
is important since the etiologies of each are different and the clinical
approach and investigations vary.

EPIDEMIOLOGY

Acute Diarrhea
Acute diarrhea can occur in various epidemiological settings includ-
ing community acquired, hospital acquired, and during travel (trav-
eler’s diarrhea). Understanding of the epidemiological settings in
which diarrhea occurs directs the approach to diagnosis and treatment.
Classification of acute diarrhea based on this approach is discussed in
great detail in a recent article [16].

COMMUNITY-ACQUIRED DIARRHEA

In the USA and other developed nations, viral-induced diarrheas are
the most common of community-acquired diarrheas and account for at
least 30–40% of acute episodes of diarrhea [17]. Among the viruses,
noroviruses and rotaviruses are the most common. Norovirus (old term
Norwalk virus), a member of the calicivirus family, affects people of
all ages. Norovirus contributes approximately to 40–60% of nonbacte-
rial gastroenteritis affecting 23 million people annually in the USA and
is the leading cause of gastroenteritis in the USA [17, 18]. Rotavirus
predominantly affects children below 5 years and is also the leading
cause of diarrhea-associated death in children below 5 years worldwide
[19]. It is responsible for childhood diarrhea in 35% of hospitalized and
10–30% of community-based cases. Although rotavirus predominantly
affects children, adults can also be affected as immunity wanes off and
outbreaks tend to occur in close settings where chances of person-to-
person transmission are higher such as day care centers, long-term care
facilities, and schools [20].

In the USA, the most common bacterial causes of diarrhea include
Campylobacter, nontyphoidal Salmonella, Shigella, and enterohemor-
rhagic Escherichia coli (EHEC). Campylobacter infection is transmit-
ted predominantly from infected animals and their food products and
most human infections (50–70%) appear to be related to consump-
tion of improperly cooked, contaminated chicken [21]. Campylobacter
jejuni, in fact, may be one of the most commonly encountered etiologies
of acute bacterial diarrhea in the USA [22]. Nontyphoidal salmonellosis
is seen worldwide and one of the most common causes of food poison-
ing and diarrhea in the USA. Close to 1.4 million cases of Salmonella
food poisoning cases occur annually in the USA [2]. Transmission to
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humans appears to occur most commonly from infected animals and
their food products. Most human infections are related to consumption
of improperly cooked or contaminated poultry, although a variety of
vehicles can transmit salmonellosis [21]. Shigellosis is common and
accounts for 10–20% of enteric infections throughout the world. It is
seen commonly in children below 5 years of age, although adults of
all ages are also susceptible [21]. It can survive in acidic conditions
and a very small inoculum of the organism (less than 100 organisms)
is sufficient to produce disease [23]. EHEC is one of the common-
est causes of bloody diarrhea in the USA [24]. The disease occurs
throughout the USA but is more common in northern part of the country
such as in Massachusetts, Minnesota, and the Pacific Northwest [21].
Infection usually occurs in summer between June and September and
occurs primarily by ingestion of undercooked hamburgers and meat
patties [25, 26]. Enteroaggregative E. coli (EAEC) is a recently rec-
ognized cause of community-acquired diarrhea and affects children
and adults of both developing and developed countries [27]. EAEC
has been shown to cause acute and/or persistent diarrhea in 10–44%
of patients with HIV infection and childhood diarrheas in developing
countries [28]. Clostridium difficile infection (CDI) is also recently
reported as a cause of community-acquired diarrhea. Approximately
22–44% of patients who developed community-acquired CDI lacked
the traditional risk factors like recent hospitalization, being elderly or
having an underlying health condition [29, 30].

In developing countries, bacterial and protozoal infections are
more common causes of acute diarrhea than in developed coun-
tries. Poor sanitation predisposes to community-acquired infection with
enteric bacterial pathogens and protozoa including Vibrio cholerae,
enterotoxigenic, enteropathogenic and enteroinvasive E. coli (ETEC,
EPEC and EIEC, respectively), amoeba, giardia, and intestinal para-
sites. Worldwide, cholera is one of the most common causes of diarrhea
and is seen predominantly in the Indian subcontinent, Southeast Asia,
Africa, and South America. In the USA, sporadic cases have been
seen along the Gulf coast [31]. Another Vibrio species, Vibrio para-
hemolyticus is more common in the USA occurring sporadically along
the coastal USA [21]. Pathogenic E. coli are classified based on their
pathogenic mechanisms into ETEC, EPEC, EIEC, EAEC, and EHEC.
ETEC are seen in children living in developing countries. ETEC infec-
tions are not common in the USA. Some cities in the USA have reported
sporadic cases [21]. It is commonly seen in travelers from USA to
developing world where ETEC is prevalent. This pathogen also con-
tributes to outbreaks of gastroenteritis on cruise ships [32]. EIEC is seen
predominantly in tropical countries including Thailand [33], though
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occasional cases of EIEC occur in the USA. It usually presents with
watery diarrhea with occasional reports of dysentery [21].

Intestinal protozoa are important causes of diarrhea in the develop-
ing world. Entamoeba histolytica is one of the most important causes
of diarrhea/dysentery worldwide [34] with 34–50 million symptomatic
(amebic colitis or abscess) infections [35] leading to 40,000–100,000
deaths annually [36]. In the USA, Cryptosporidium and Giardia
lamblia are the most commonly implicated intestinal protozoa to cause
diarrhea associated with 50.8 and 40.6% of waterborne outbreaks,
respectively [36, 37]. Giardia infection is commonly seen in children
in day care facilities, men who have sex with men, as well as in the nor-
mal host [37, 38]. A longitudinal study in a US day care center reported
Giardia cysts at some time in the stool of more than 30% of children
over the course of a year [39]. Worldwide, Giardia infects infants more
commonly than adults and in highly endemic regions, recurrent infec-
tions in childhood can result in malnutrition [40, 41]. Cryptosporidium
infection while commonly seen in HIV-infected individuals can also
cause self-limited diarrhea in immunocompetent persons and severe
diarrhea resulting in malnutrition in children and elderly as well
[42]. It is mostly associated with outbreaks caused by contaminated
water sources. The duration and severity of the infection however
is directly related to the CD4 count [42]. Other protozoal and par-
asitic infections that are reported include Blastocystis, microsporidia
(Enterocytozoon spp., Encephalitozoon spp.), Isospora, Cyclospora,
Schistosoma, and Strongyloides. Cyclospora outbreaks [43, 44] are
associated with Guatemalan raspberries in the USA both in HIV-
infected individuals and normal hosts [45], while microsporidia are
seen only in immunocompromised hosts with impaired cell-mediated
immunity from AIDS or organ transplantation [46, 47]. The dis-
ease is only reported with a CD4 count of less than 200. Isospora
is seen throughout tropical areas around the world and can affect
immunocompetent children and HIV-infected individuals [48].

HOSPITAL-ACQUIRED DIARRHEA

Hospital-acquired diarrhea is defined by the onset of diarrhea 3 days
after hospitalization and not incubating at the time of admission to
the hospital [16]. Distinguishing community-acquired and hospital-
acquired diarrhea may be difficult as the possibility of the infection
incubating at the time of admission to the hospital cannot be completely
excluded. Hospital-acquired diarrhea can be antibiotic associated or
related to the use of nonantibiotic medications or the use of tube
feeds in hospitalized patients [16]. However, CDI is the most common
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recognizable infectious cause of antibiotic-associated diarrhea in the
developed world [49]. The frequency of this infection has increased
dramatically and is now recognized as the most common cause of
hospital-acquired infectious diarrhea in developed countries.

A recent paper reported a 23% increase in the hospitalizations
attributed to CDI from 2000 to 2005 in the USA [50]. The mortality
rate of CDI in the USA also increased from 5.7 per million populations
in 1999 to 23.7 per million in 2004 [51]. This is attributed to a hyper-
virulent form of C. difficile strain, BI/NAP1/027 that is associated with
a more severe and complicated disease and a higher mortality [52, 53].
This hypervirulent strain is identified in at least 38 states in the USA
[54, 55] and its virulence is related to increased toxin production, as
well as a binary toxin and resistance to fluoroquinolones [52, 53].

Although CDI is the most common cause in developed nations,
Salmonella has been implicated as a prominent cause of hospital-
acquired diarrhea in developing countries along with other
enteropathogens [56]. Salmonella infection occurs in a more severe
form in immunocompromised patients. Similar to community-
acquired infection, contaminated food, person-to-person spread, and
chemotherapy predispose to Salmonella infection [57–59].

Although protozoa are rarely implicated in the setting of hospital-
acquired diarrhea and cryptosporidial infection remains the most com-
mon cause in the USA, there are also reports of coinfection with
C. difficile and Cryptosporidium [60]. Among the viruses, norovirus
and rotavirus may be responsible for hospital-acquired viral diarrheas
both in the developing and the developed world [61–63].

TRAVELER’S DIARRHEA

Traveler’s diarrhea is defined as the passage of >3 unformed stools
that occur within a 24-h period, accompanied by one other symp-
tom or sign of enteric infection, including abdominal cramps or pain,
excessive gas, nausea, fever, blood or mucous in stools, tenesmus, and
vomiting [64]. The US Department of Commerce estimated that 30 mil-
lion people from the USA visited developing regions with the majority
traveling to Mexico [16]. Among these, it is estimated that 40–60%
of US travelers to Mexico develop diarrheal illness during short peri-
ods of travel and bacterial pathogens contribute in up to 85% of
cases [65].

The frequency of traveler’s diarrhea varies between 4 and 40% with
the highest rates (40%) seen in Latin America, Africa (except South
Africa), most of the Middle East, and the Indian subcontinent [66].
The lowest rates of traveler’s diarrhea (<4%) are seen in travelers to
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the USA, Canada, western Europe, Japan, Australia, and New Zealand,
whereas intermediate rates (8–15%) are seen for travelers to China,
Russia, eastern Europe, and South Africa [66, 67].

A variety of host, genetic, and environmental factors predispose to
traveler’s diarrhea. Genetic factors in the form of polymorphisms in
the lactoferrin [68] and osteoprotegerin gene [69], young age, length
of stay, immunosuppression, and low gastric acidity can predispose to
traveler’s diarrhea [70, 71].

Traveler’s diarrhea can present either as an acute gastroenteritis with
vomiting, watery diarrhea, dysenteric diarrhea, or as a persistent diar-
rhea and post-infectious irritable bowel syndrome [66]. The single
commonest cause of traveler’s diarrhea is ETEC, while EAEC and
diffusely adherent E. coli (DAEC) are also common [66, 72]. The
most common form of transmission is food borne rather than water
borne [73, 74]. A majority of cases in the high-risk regions is caused
by DAEC, while invasive enteropathogens, including Campylobacter,
Shigella spp., and Salmonella spp. are more commonly seen in south
Asia [66]. Around 20–40% of patients with traveler’s diarrhea do not
have an identifiable etiology even after an extensive microbiological
evaluation, although they may respond to antibiotics [66]. Noroviruses
are responsible for up to 15% of patients and are the most common
nonbacterial cause for traveler’s diarrhea [66]. Viral diarrheas are seen
in people traveling in cruise ships and also among students traveling to
Mexico [75, 76]. Rotavirus and astrovirus are also responsible for trav-
eler’s diarrhea in a small proportion of travelers. Travel to Asia seems to
particularly predispose to E. histolytica as well as other parasitic causes
for diarrhea [77].

Persistent Diarrhea
Persistent diarrhea is defined as diarrhea lasting from 2 to 4 weeks.
Infectious etiologies predominate as a cause of persistent diarrhea sim-
ilar to those of acute diarrheas [16]. The etiology varies depending
on the region (developing or developed), recent travel history, and
the immune function of the underlying host. Persistent diarrhea can
be associated with significant morbidity due to the associated nutri-
ent malabsorption that may often accompany the diarrhea [16]. In
developing countries, EPEC and EAEC are the most commonly respon-
sible bacterial pathogens in persistent diarrhea, whereas Campylobacter
and Salmonella are rare. In developed countries, viruses including
Norovirus and rotavirus can contribute to persistent diarrhea, particu-
larly among children [78]. ETEC, EHEC, and Shigella are predominant
causes of acute diarrhea and do not cause persistent diarrhea.
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Intestinal protozoa are another common cause of persistent diarrhea.
Giardia and Cryptosporidium are most often responsible followed by
Entamoeba and Isospora, particularly in HIV-positive patients [79].
In the USA, protozoan infections are the most common cause of per-
sistent diarrhea in immunocompromised patients including HIV and
the elderly and Giardia and Cryptosporidium are commonly encoun-
tered [16].

Chronic Diarrhea
Chronic diarrhea is defined as diarrhea lasting more than 4 weeks.
The prevalence of chronic diarrhea is variable depending on the pop-
ulation surveyed and the inconsistency in the definition of chronic
diarrhea. However, if based on the criterion of excessive stool frequency
(>3 times/day) or loose stools (more than 25% of the time), the preva-
lence of chronic diarrhea in the USA varies from 14 to 18% [80, 81].
A majority of these patients may have irritable bowel syndrome with
co-existing abdominal pain. When patients with abdominal pain are
excluded, the reported prevalence is 3% [82]. The prevalence of chronic
diarrhea based on increased stool frequency alone is approximately 5%
[81–83].

The etiologies of chronic diarrhea vary depending on the region and
the socio-economic status. In developed countries including the USA,
irritable bowel syndrome, inflammatory bowel disease, malabsorption
syndrome, and chronic infections predominate [84, 85], whereas in
developing countries, chronic bacterial, mycobacterial, and parasitic
infections are the most common causes of chronic diarrhea [86, 87].

PATHOPHYSIOLOGY OF DIARRHEA

As diarrhea is the end result of a derangement in the normal physiology
of the intestinal handling of water and electrolyte absorption and
secretion, an understanding of these processes is preliminary for the
understanding of the pathophysiological changes that lead to diarrhea.

Normal Physiology
Under normal physiological conditions, approximately 8 l of fluids
reach the upper small bowel. This includes 2 l of ingested fluids and
the remaining 6 l from salivary, gastric, biliary, and pancreatic secre-
tions. Most of this fluid is reabsorbed before reaching the distal small
bowel so that only about 1 l of fluid enters the colon [88]. The colon
reabsorbs almost all of this fluid and the remaining; usually less than
200 ml is excreted in the stool. The colon has the capacity to reabsorb
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up to a maximum of 3–4 liters of fluid [89] and thus to salvage much of
the fluid that might be lost in small intestinal malabsorptive conditions.

There is a constant bidirectional flux of water and ions across the
small intestinal mucosa, i.e., absorption and secretion. Absorption
occurs in villus cells and secretion largely by crypt cells [90]. Sodium
and water absorption by enterocytes is mediated by an active, adeno-
sine triphosphate (ATP)-dependent active sodium (Na) pump (Na,
K-ATPase) located on the basolateral membranes of intestinal crypt
and villus cells [91]. In the intestine, solute movement creates the
osmotic force for fluid movement. Na absorption drives fluid reab-
sorption, while active Cl secretion contributes to water secretion in
secretory diarrhea. Small intestinal Na absorption is mediated primarily
by two mechanisms: a glucose- or amino acid-stimulated cotransport in
which Na accompanies the other solute and a coupled Na–Cl mech-
anism. The latter is a combination of Na–H exchange and Cl–HCO3
exchange. Short-chain fatty acid (SCFA)-mediated Na absorption and
aldosterone-sensitive Na absorption occur in the colon [91]. Among the
various mechanisms described, the coupled Na–Cl pathways are pri-
marily regulated by cyclic adenosine monophosphate (cAMP) levels
and also by cGMP and intracellular Ca levels [92]. In addition to the
transporters, there are multiple extracellular factors regulating epithe-
lial ion transport – paracrine, immunological, neural, and endocrine
factors, termed together as a single regulatory system termed as PINES
(paracrine–immuno-neuroendocrine system) [93].

In addition to the absorptive and secretary function of the intes-
tine, motor functions also play a key role in facilitating digestion
and absorption of fluids and nutrients. Synchronized migrating motor
complexes normally occur during fasting in the stomach and small
bowel with increased contractions following feeding with the total
small bowel transit time of approximately 3 h for the food to reach the
colon [94]. In the colon, there is further reabsorption with the ascend-
ing and transverse colon serving as reservoirs and with the sigmoid
and rectum serving as volitional reservoirs [95]. Any disturbance in the
coordinated flux of water and ions and motility can result in the clinical
syndrome of diarrhea.

Physiological Disturbances in Diarrhea
Diarrheal syndromes result from disturbances in any of the basic
pathophysiological processes including osmosis, active secretion, exu-
dation or inflammation, and altered motility [92]. Osmotic forces
contribute to diarrhea when poorly absorbable solutes remaining in
the gastrointestinal lumen retain water and electrolytes resulting in
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reduced water reabsorption. Active secretion can play a vital role in the
pathophysiology of diarrhea as seen in cholera [96] or in celiac disease.
Other secretory stimuli include other bacterial enterotoxins [96], hor-
mones from endocrine neoplasms, dihydroxy bile acids, hydroxylated
fatty acids, and inflammatory mediators [92]. Exudation or inflamma-
tion can contribute to diarrhea when the intestinal epithelium’s barrier
function is compromised by loss of epithelial cells or disruption of
tight junctions as occurs in invasive diarrhea due to Shigella/Salmonella
[96] and inflammatory disease process as in ulcerative colitis (UC) or
Crohn’s disease (CD) [97]. Motility disturbances can result in diarrhea
as occurring in thyrotoxicosis and opiate withdrawal [98]. Similarly
slowing of the motor function of the small intestine as with narcotic
use, scleroderma, diabetic autonomic neuropathy, and amyloidosis can
result in bacterial overgrowth and hence diarrhea [98].

For understanding the pathophysiology of diarrhea, we have clas-
sified diarrheal syndromes into secretory or toxin induced, osmotic
or malabsorption induced, inflammatory, iatrogenic/drug-induced, and
functional diarrhea. Most etiologies will have a complex pathophysiol-
ogy involving one or more of these mentioned mechanisms.

• Secretory diarrhea
• Osmotic diarrhea
• Inflammatory diarrhea
• Iatrogenic or drug-induced diarrhea
• Functional-/motility-related diarrhea

SECRETORY DIARRHEA

A number of disease processes produce secretory diarrhea. The basic
pathophysiology involves either net secretion of ions (chloride or bicar-
bonate) or inhibition of net sodium absorption [99]. Net intestinal
secretion is most often secondary to the stimulation of active chlo-
ride secretion and to the inhibition of active absorption of sodium and
chloride by messengers such as cyclic AMP (see below).

The driving force for intestinal ion secretion can arise from the gut
lumen as with infectious diarrhea (enterotoxins), from the subepithe-
lial space (inflammatory mediators), or from the systemic circulation
(peptide hormones produced from endocrine tumors). Most causes
of secretory diarrhea alter the second messenger systems through
alteration in cAMP, cGMP, or intracellular calcium-regulated ion trans-
port pathways [91, 92]. Alterations in these mediators cause CFTR-
mediated Cl secretion and inhibition of small intestinal-coupled Na–Cl
transport.
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Infections
The most common cause of secretory diarrhea is infection [99].
Secretory diarrheas are caused by pathogens, which usually affect
the small intestine. They adhere to the mucosa disrupting the absorp-
tive/secretary process of enterocyte producing active secretion with-
out causing significant acute inflammation or mucosal destruction.
As discussed, enterotoxins through an increase in cAMP, cGMP, or
increased intracellular calcium concentration inhibit Na+–H+ exchange
and stimulate Cl secretion in the small intestine [92, 100]. Secretory
diarrhea can also be termed as noninflammatory diarrhea [96]. Thus
these classically produce watery diarrhea. Microbial causes include
the viruses rotavirus and norovirus, enterotoxigenic E. coli (ETEC),
V. cholerae, Giardia, and Cryptosporidium infections. Some of the
organisms in this group (e.g., cholera, ETEC) elaborate enterotoxins
that stimulate intestinal chloride secretion along with impaired sodium
absorption. Other pathogens including rotaviruses, noroviruses, and
Cryptosporidium primarily affect the absorptive villi inhibiting sodium
absorption [16].

The pathophysiology of some of the important infectious causes of
secretory diarrhea is discussed in other chapters.

Noninfectious Causes of Secretory Diarrhea
Peptide hormones produced by endocrine tumors can also cause
secretory diarrhea by stimulating intestinal secretion [101]. Some
of these include pancreatic islet tumors which secrete vasoactive
intestinal peptide, medullary carcinoma of thyroid-secreting calcitonin,
carcinoid tumors which elaborate serotonin, bradykinin, substance P,
and prostaglandins [101]. Diarrhea can also result from gastrin secre-
tion from Zollinger–Ellison syndrome. Although it produces a secretory
diarrhea, malabsorption also contributes due to inactivation of pancre-
atic lipase by the persistent acidic pH in the proximal small bowel [92].
Neurotransmitters, such as acetylcholine and serotonin, and other mod-
ulators, such as histamine in systemic mastocytosis and inflammatory
cytokines, are also potent secretory stimuli [102].

Malabsorbed bile salts and fatty acids can also induce secretory diar-
rhea. Under normal conditions, reabsorption of conjugated bile acids
occurs in the distal ileum via Na–bile acid cotransport. However with
severe ileal CD or after ileal resection, some of the bile acids are
not absorbed and spill into the colon and stimulate colonic secretion.
This involves both intracellular Ca2+ (probably secondary to mem-
brane phospholipase activation) and cAMP [92]. Similarly, following
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a large, greater than 100 cm, ileal resection, malabsorbed fatty acids
enter the colon where bacteria add hydroxyl groups resulting in hydroxy
fatty acids which also stimulate colonic secretion. In the inflammatory
bowel diseases (IBDs), inflammatory mediators such as prostaglandins
stimulate colonic secretion, contributing to diarrhea. Cytokines gener-
ated in the inflamed mucosa may also downregulate fluid-absorptive
mechanisms [103, 104].

Small bowel bacterial overgrowth may also contribute to secretory
diarrhea [105–107]. The small bowel is sparsely populated with bac-
teria. However in patients with motility disturbances (scleroderma or
diabetes) or strictures in CD, overgrowth of bacteria in the small bowel
can occur [106, 107]. The bacteria deconjugate bile acids and the
decrease in concentration of conjugated bile salts results in fat malab-
sorption. Also the unabsorbed dihydroxy bile acids produce secretory
diarrhea as mentioned above.

The congenital absence or alterations in the numerous transporters
that maintain the constant flux of the ions and water can result in
secretory diarrhea [108]. Rare congenital syndromes are caused by the
absence of a specific transport molecule, such as congenital chlori-
dorrhea, congenital sodium diarrhea, and congenital bile acid diarrhea
[109–111]. In congenital chloride diarrhea, there is a defect in brush
border Cl/HCO3 exchange in the ileum and the colon and hence
impaired absorption of chloride [109]. Congenital sodium diarrhea
results from a defect in Na–H exchange in the small bowel, while
a secretory diarrhea results from a congenital defect in Na–bile acid
absorption in the colon [111].

OSMOTIC DIARRHEA

Osmotic diarrhea occurs either when nonabsorbable or poorly
absorbable solutes are ingested or enterocytes or colonocytes cannot
absorb them. Nonabsorbable solutes include sugar alcohols such as
mannitol or sorbitol. Poorly absorbable solutes include magnesium,
sulfates, and phosphates [92, 112]. The osmotic force of the unab-
sorbed solutes results in driving water and secondarily ions into the gut
lumen resulting in diarrhea [92]. Patients with malabsorption may also
have osmotic diarrhea, with the malabsorbed nutrients acting as poorly
absorbed solutes [113]. Ingested disaccharides require disaccharidase
digestion to their constituent monosaccharides to permit absorption, as
monosaccharides are the only sugars that can be absorbed. Absence
of disaccharidases as in lactase deficiency results in osmotic diarrhea.
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Congenital lactase deficiency is extremely rare, while acquired defi-
ciency of lactase may be seen with diseases of the upper small intestine
causing loss of absorptive surface. Congenital sucrase–isomaltase and
trehalose deficiencies are rare causes of disaccharide-induced osmotic
diarrhea [114].

Both celiac disease and tropical sprue can also result in diarrhea.
Although a number of mechanisms including both osmotic and secre-
tory forces contribute to diarrhea in celiac disease, the osmotic force of
unabsorbed solutes appears to play a major role [115].

INFLAMMATORY DIARRHEA

Many of the diarrheal syndromes are caused by multiple mechanisms
including inflammation and exudation of the intestinal mucosa and
the interaction between cytokines from immunologically reactive cells,
the activity of the enteric nervous system, and the effect of secretory
stimuli [108].

Inflammatory diarrhea may result from a wide variety of etiologies
including infections and IBDs. Infectious pathogens causing inflamma-
tory diarrheas primarily affect the distal small bowel or the colon [16].
They cause disease by either elaborating cytotoxins or by invading the
epithelium with resultant recruitment of inflammatory cells. Cytotoxin-
producing, noninvasive organisms include EAEC, EHEC, and C. dif-
ficilex. Invasive microbes causing this syndrome include Shigella,
Campylobacter, Salmonella, Yersinia, and E. histolytica [96]. Most
of the pathogens causing inflammatory diarrhea do so by producing
mucosal damage as well as by stimulating intestinal secretion. In some
cases, the organisms elaborate enterotoxins, which stimulate intesti-
nal secretion. In addition, the products of the inflammatory reaction
and the local synthesis of inflammatory mediators including cytokines
and prostaglandins contribute both to mucosal damage and to intestinal
secretion. Clostridium difficile, Shigella, Salmonella, Campylobacter,
and Entamoeba infections are discussed in more detail elsewhere in
this book.

IBD is one of the most common and important causes of inflam-
matory diarrhea. Although numerous mechanisms including secretory
and osmotic components lead to diarrhea, inflammation and the sec-
ondary recruitment of cytokines and eicosanoids play an important role
in IBD [95, 97]. Although the initial inflammation and exudation results
in diarrhea, numerous and complex mechanisms come into play once
there is initial inflammation [96, 97]. The cytokines and eicosanoids
initiated by inflammation downregulate the ion transporters in the colon
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and small bowel resulting in Na malabsorption [103, 104, 116, 117].
Also bacterial proteins such as flagellin further the inflammatory milieu
through the activation of prochemotactic cytokines such as interleukin
(IL)-8 [118]. The intestinal epithelial cells may also secrete cytokines
such as IL-6 that enhance neutrophil function and hence further the
inflammation [119].

Reduction in intestinal blood flow as occurs with mesenteric
ischemia can also cause diarrhea [120]. However the exact mechanism
is unclear. It is proposed that there may be alterations in the cytokines or
neurotransmitters that produced inflammatory and secretory diarrhea.
Similarly radiation enteritis can produce an inflammatory diarrhea.
Radiation results in activation of intestinal transforming growth factor-β
(TGF-β) which is chemotactic and pro-inflammatory, leading to neu-
trophil infiltration, and hyperplasia of connective tissue mast cells
leading to further inflammation [121, 122].

IATROGENIC-/DRUG-INDUCED DIARRHEA

Diarrhea can also result following certain surgical procedures and usage
of certain drugs. Diarrhea can follow cholecystectomy in 5–10% of
patients, but the exact pathophysiology remains unclear [123]. Some
respond to treatment with bile salt-binding resins. Ileal resection in CD
can also result in chronic diarrhea. The pathophysiology depends on
the extent of resection. With resections less than 100 cm, it is pre-
dominantly secretory with malabsorbed dihydroxy bile acids spilling
into the colon and stimulating colonic secretion through increase in
cyclic AMP [124, 125]. However with resections exceeding 100 cm,
there is depletion of the bile acid pool resulting in chronic diarrhea due
to fat malabsorption. Colonic bacteria hydroxylate malabsorbed fatty
acids and such hydroxyl fatty acids then stimulate colonic secretion
[124, 125].

A number of drugs can cause diarrhea. The best known of them are
listed in Table 1.2. The pathophysiology of drug-induced diarrhea may
involve one or more of the above-mentioned mechanisms. Antibiotic
use may alter the bacterial flora in the colon resulting in impaired
colonic salvage of malabsorbed carbohydrates resulting in diarrhea.
Some of the drugs like lactulose may cause osmotic diarrhea, while
others may cause secretory diarrhea. Theophylline may increase intra-
cellular cAMP and fluid secretion, while erythromycin interacts with
the motilin receptors increasing the motility to cause diarrhea. Similarly
chemotherapeutic drugs may cause diarrhea because of decreased rate
of proliferation of the enterocytes [108].
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FUNCTIONAL DIARRHEA

The pathophysiology of functional diarrhea or diarrhea associated with
irritable bowel syndrome (IBS) may involve multiple mechanisms.
Alteration in colonic transit/motility and hypersensitivity of the rec-
tum play a role in diarrhea [126]. In fact, a study demonstrated that
up to 60% of IBS patients may have hypersensitivity [127]. This rec-
tal hypersensitivity is more likely seen with diarrhea-predominant IBS
[128]. There is also rapid and increased frequency of high-amplitude
propagated contractions after food consumption in IBS [129, 130].
Disturbances in the neural control (from brain to visceral nerves) and
the gut in the form of visceral nociception and abnormal motility medi-
ated by changes in neurotransmitters like serotonin, cholecystokinin,
and neurokinins are also proposed to contribute to diarrhea seen in these
patients [131, 132].

In addition, mucosal inflammation is proposed as a cause of diar-
rhea in IBS. Increased intraepithelial lymphocytes were demonstrated
in unselected IBS patients with predominant diarrhea [133]. Increased
prevalence of mast cell degranulation correlating with the pain severity
in IBS is also demonstrated [134]. This low-grade inflammation is sug-
gested to represent either an abnormal reaction to the normal flora or
secondary to qualitative or quantitative changes in the intrinsic flora in
IBS patients [135].

In addition to the above-mentioned mechanisms, motility disorders
may also cause diarrhea through both secretory and osmotic mecha-
nisms [108]. Increased motility may decrease the time for the luminal
contents to be in contact with the epithelium for absorption resulting
in secretory diarrhea. This may occur in diabetes mellitus, amyloido-
sis, and postprandial diarrhea [108]. On the other hand, slow transit
as occurring in diabetes mellitus and scleroderma may be associated
with bacterial overgrowth and the ensuing bile acid deconjugation, poor
micelle formation, and steatorrhea [98].

CLINICAL CLASSIFICATION
AND DIFFERENTIAL DIAGNOSIS

Clinically, diarrhea can be classified into many ways, i.e. based on
the time course (acute vs. persistent vs. chronic), volume (large vs.
small), pathophysiology (secretory vs. osmotic vs. inflammatory vs.
functional), epidemiology (community-acquired vs. hospital-acquired
vs. traveler’s diarrhea) or stool characteristics (watery vs. fatty vs.



Chapter 1 / Clinical Classification and Pathophysiology of Diarrhea 17

inflammatory). However, there is considerable overlap amongst these
classifications. We have classified diarrhea into inflammatory, nonin-
flammatory, fatty, and functional diarrhea. This is a simple and useful
classification in which patients can usually be characterized on the basis
of the history limiting the differential diagnosis and allowing rapid
diagnosis with a minimum of testing.

• Inflammatory
• Noninflammatory or watery

– Secretory
– Osmotic

• Fatty
• Functional

The various etiologies for each type of diarrhea are summarized in
Table 1.1.

The differential diagnosis of diarrhea depends on whether the diar-
rhea is acute or persistent or chronic. Chronic diarrheas in turn are
further classified based on stool characteristics: watery, inflammatory,
and fatty diarrhea.

Acute diarrhea usually lasts less than 2 weeks and infections are
the usual cause. Bacteria, viruses, and protozoa all can produce acute
diarrhea. Most acute diarrheas are due to viruses and generally are self-
limited and usually require no workup. However, if the patient exhibits
fever >101◦C, has large volume diarrhea, bloody diarrhea, or severe
abdominal pain, workup should be pursued. In this group, workup may
reveal a treatable cause, i.e. bacterial, and treatment may abbreviate the
illness and prevent complications. Sometimes infectious diarrhea can be
prolonged and chronic, particularly in immunocompromised patients.
The other major cause of acute diarrhea is food poisoning and drugs
(see Table 1.2).

When working up patients with chronic diarrhea, one should first
try to determine whether the diarrhea is an inflammatory or a non-
inflammatory/watery diarrhea. This can usually be done on the basis
of the history. The presence of co-existing symptoms gives a clue to
the etiology. Inflammatory diarrhea is typically small volume with fre-
quent bowel movements associated with tenesmus, abdominal cramps
or pain and frequently with fever. Dehydration is uncommon because of
the small-volume diarrhea [96]. Fecal leukocytes and occult blood are
often seen [96]. Patients with a noninflammatory diarrhea have large
volume, watery stools, and thus are susceptible to dehydration. Stools
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Table 1.1
Clinical classification and differential diagnosis of diarrhea

Inflammatory diarrhea
Acute

Intestinal infections
– C. difficile
– C. jejuni
– Salmonella
– Shigella
– E. coli
– Yersinia

Chronic
Inflammatory bowel disease
– Crohn’s disease
– Ulcerative colitis
– Diverticulitis
– Ulcerative jejunoileitis

Infectious diseases
– C. difficile or pseudomembranous colitis
– Tuberculosis, yersiniosis
– Cytomegalovirus
– Herpes simplex
– Amebiasis/other invasive parasites

Other colitides
– Radiation colitis
– Ischemic colitis

Secretory diarrhea
Acute

Intestinal infections
– Rotavirus
– Norovirus
– Enterotoxigenic E. coli (ETEC)
– V. cholerae
– Giardia
– Cryptosporidium

Chronic
Intestinal infections
– Cryptosporidium
– Human immunodeficiency virus
Inflammatory bowel diseases
– Crohn’s disease
– Ulcerative colitis
– Microscopic colitis
– Diverticulitis
– Vasculitis



Chapter 1 / Clinical Classification and Pathophysiology of Diarrhea 19

Table 1.1
(continued)

Neuroendocrine tumors
– Gastrinoma
– VIPoma
– Somatostatinoma
– Mastocytosis
– Carcinoid syndrome
– Medullary carcinoma of thyroid
Drugs
Villous adenoma
Idiopathic secretory diarrhea

Osmotic diarrhea
Ingestion of poorly absorbed solutes
– Magnesium, phosphate, sulfates, magnesium-containing antacids
– Lactulose
– Sorbitol, mannitol-containing foods and drinks
Carbohydrate malabsorption
– Congenital diarrheas
– Celiac disease
– Tropical sprue
Maldigestion of food
– Lactase deficiency
– Pancreatic insufficiency

Fatty diarrhea
Malabsorption syndromes
– Mucosal diseases including celiac disease
– Short bowel syndrome
– Small bowel bacterial overgrowth
Maldigestion
– Pancreatic exocrine insufficiency
– Decreased luminal bile acid concentration

Functional/motility-related diarrhea
Irritable bowel syndrome
Disordered motility
– Postvagotomy diarrhea
– Postsympathectomy diarrhea
– Diabetic autonomic neuropathy
– Hyperthyroidism
– Addison’s disease
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Table 1.2
Differential diagnosis of acute diarrhea

1. Infections
Bacterial
– V. cholerae
– Salmonella
– Shigella
– Campylobacter
– E. coli (enterotoxigenic, enterohemorrhagic, and enteroinvasive)
– Yersinia enterocolitica
– C. difficile
– M. tuberculosis
– Aeromonas plesoides

Viral
– Norovirus
– Rotavirus
– Cytomegalovirus
– Herpes simplex

Protozoa
– Amebiasis
– Giardiasis
– Cryptosporidium
– Microsporidia
– Cyclospora

2. Food poisoning
3. Food allergy
4. Medications

– Magnesium-containing antacids
– Anti-inflammatory agents (NSAIDsa, 5-ASA)
– Lactulose
– Colchicine
– Prostaglandin analogs (e.g., misoprostol)
– Theophylline
– Acid-reducing agents (e.g., histamine H2-receptor antagonists, proton

pump inhibitors)
– Antibiotics
– Anti-retroviral agents

aNSAIDs, nonsteroidal anti-inflammatory drugs.

do not contain fecal leukocytes or blood. The patients may have nausea,
vomiting, and occasional cramps. However, fever is not generally seen
[96]. The characteristics of inflammatory vs. noninflammatory diarrhea
are contrasted in Table 1.3.
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Table 1.3
Characteristics of inflammatory and noninflammatory diarrhea

Characteristic Inflammatory diarrhea
Noninflammatory
diarrhea

Clinical picture Bloody, mucoid
small-volume diarrhea;
tenesmus lower left
quadrant abdominal
cramps: may be
Febrile

Large-volume, watery
diarrhea; no blood, pus
or tenesmus. May have
nausea, vomiting,
cramps, but no fever

Site of involvement Colon Small bowel
Fecal leukocytes Present Absent
Etiology Certain Infectious

diarrheas
(Shigella spp.,
Salmonella
spp., amebic colitis,
Campylobacter spp.,
Yersinia spp.,
C. difficile),
inflammatory bowel
disease, radiation colitis

Certain Infectious
diarrheas
(norovirus, rotavirus,
V. cholerae, G. lamblia,
enterotoxin-producing
bacteria,
Staphylococcus aureus,
Cryptosporidium
parvum, Clostridium
perfringens), secretory
diarrhea and osmotic
diarrhea

Adapted with modifications from [147].

Examination of stool can be helpful in other ways. Watery stools sug-
gest that an osmotic or a secretory process is contributing to diarrhea,
while the presence of oil suggests malabsorption such as fatty diarrhea.
On the other hand, presence of blood or pus in the stools favors an
inflammatory diarrhea.

In addition to gross stool appearance, simple stool tests help in dis-
tinguishing inflammatory from noninflammatory causes of diarrhea.
Stool stain for polymorphonuclear leukocytes may be helpful. Positive
tests point toward a possible inflammatory etiology. This test is insensi-
tive, however. Stool tests for neutrophil products including calprotectin
and lactoferrin are more sensitive and specific for the presence of
neutrophils in stool and thus are a useful marker for inflammatory
diarrhea [11].

Sudan stain of a random stool specimen is useful for qualitative
assessment of stool fat. Fat loss is correlated with the number and size of
Sudan-stained fat droplets viewed microscopically. The test is however
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limited by the fact that the sensitivity and specificity may vary and by
interobserver variations in the interpretation of fat droplets [136]. Under
certain circumstances, timed stool collections for 24 or 48 h may be
helpful in the evaluation of chronic diarrhea. They allow appreciation
of stool weight and thus differentiation of an osmotic from a secretory
process, and ruling out the presence or the absence of steatorrhea.

Stool fat output is also measured quantitatively by chemical means
of a timed (48- to 72-h) collection. In normal people without diar-
rhea, the upper limit of fecal fat excretion is approximately 7 g/day.
However, in a study of normal subjects with induced diarrhea, 35%
of the patients had increase in the fecal fat excretion above the upper
limit of normal, with a maximum value of 13.6 g/day [137]. This
led investigators to formulate that fecal fat excretion of 14 g/day or
higher may be more specific for diseases that impair fat digestion or
absorption.

Noninflammatory diarrhea (watery diarrhea) can be classified fur-
ther into osmotic and secretory diarrhea. The response of stool output
to fasting can be very helpful in distinguishing osmotic from secretory
diarrhea. Characteristically if the diarrhea stops or is markedly reduced
with fasting, it suggests an osmotic diarrhea. Persistence and continu-
ation of diarrhea with little change during fasting is characteristic of
secretory diarrhea. Stool osmotic gap is also useful for distinguish-
ing secretory and osmotic diarrhea. The osmotic gap is calculated by
subtracting twice the sum of the sodium and potassium concentrations
of stool from 290 mOsm/kg. When a large osmotic gap is present
(>50 mOsm/kg), much of the stool osmolality is composed of non-
electrolytes, which is characteristic of an osmotic diarrhea. On the
other hand, a small (<50 mOsm/kg) osmotic gap is seen with secretory
diarrhea. Some authors quote that a large osmotic gap of greater than
125 mOsm/kg is highly suggestive of osmotic diarrhea, while val-
ues between 50 and 125 mOsm/kg favor a mixed osmotic–secretory
physiology [11, 138].

The presence of fatty diarrhea implies that there is malabsorption of
fat and perhaps other nutrients as well. The diagnosis of fatty diarrhea
can be made by macroscopic appearance of fat or oil in the com-
mode. Malabsorption can result from diseases of the small bowel like
celiac disease or Whipple’s disease. Loss of absorption surface as in
ileal resection or short bowel syndrome or small bowel bacterial over-
growth can also present with fatty diarrhea. Also pancreatic exocrine
insufficiency produces fatty diarrhea [108].

Functional diarrhea and IBS are the most common diagnoses encoun-
tered in patients with chronic diarrhea. Patients with IBS and functional
diarrhea have variable severity of diarrhea and sometimes alternate with
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periods of constipation [139, 140]. Patients with IBS usually present
with an increased frequency of bowel movements of normal consis-
tency, small-caliber stools, abdominal discomfort or pain relieved by
having a bowel movement, bloating, mucus in the stool, and a sense
of incomplete evacuation. A clustering of these symptoms may point
toward the possibility of IBS. Patients with a painless variant of IBS
diarrhea are classified as having functional diarrhea [108].

Patients with IBS or functional diarrhea lack alarm signs such as
weight loss, anemia, fecal occult blood, and onset after the age of 50.
If any of these features are present, a search for other diagnoses should
be made. A minority of patients with diarrhea-predominant IBS may
have celiac disease or small intestinal bacterial overgrowth; these con-
ditions should therefore be screened for when evaluating patients with
this presentation.

Other Considerations in Chronic Diarrhea
Commonly under-diagnosed entities such as celiac disease, small bowel
bacterial overgrowth, microscopic colitis, drug-induced diarrhea, and
giardiasis need to be excluded in cases where the diagnosis is not
initially apparent.

Use of certain drugs, chemotherapeutic agents, or toxins can also be
associated with watery diarrhea [141] (see Table 1.2) and should always
be considered in any case of chronic diarrhea.

Microscopic colitis should be thought of as a cause of chronic watery
diarrhea. A study from a tertiary care referral center highlighted that
10% of patients with chronic diarrhea had microscopic colitis [142].
A population-based epidemiologic study also highlighted that 10% of
patients with chronic diarrhea had microscopic colitis and its annual
incidence was similar to that of CD [143].

A major category to be considered in the differential diagnosis of
chronic diarrhea is inflammatory disorders. They comprise a diverse
group of infectious or idiopathic inflammatory processes. IBD (Crohn’s
disease, ulcerative colitis, or indeterminate colitis) is an important cause
of inflammatory diarrhea [144]. Infections with protozoal and parasitic
infections need to be considered. Another infection to be consid-
ered particularly in tuberculosis endemic countries is Mycobacterium
tuberculosis [145]. In addition to infectious disorders, noninfectious
disorders encompassing a wide variety of etiologies include radia-
tion colitis, vascular disorders including ischemic bowel, and vasculitis
secondary to collagen vascular disorders [146].

Specific etiologies of chronic diarrhea are discussed in detail in other
chapters of this volume.
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Summary

In this chapter, we discuss the epidemiology, etiology, presentation,
diagnosis, and treatment of infectious diarrhea in immunocompetent
persons. The features of small intestinal and ileocolonic disease as
related to possible causative agents are presented. Additionally, there
is an emphasis on specific pathogens, with a comprehensive review
of viral, bacterial, and parasitic causes of diarrhea. We then discuss
the intricacies of the clinical and diagnostic evaluation, as well as
treatment. Specifically, we evaluate the severity of illness, historical
clues to etiology, the appropriateness of diagnostic testing in various
clinical situations, and which diagnostic tests are clinically relevant.
Rehydration therapy is discussed along with nutrition and electrolyte
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support. The appropriate use of antidiarrheal and antimicrobial med-
ications is reviewed, along with a brief discussion of empiric therapy
and the individual and public health consequences associated with
infection and treatment.

Key Words: Acute diarrhea, Infectious diarrhea, Enteritis, Colitis,
Enterocolitis, Microorganisms, Virus, Bacteria, Parasites

INTRODUCTION

Infectious diarrhea is a major cause of morbidity and mortality world-
wide. Children in developing countries are disproportionately affected
by acute diarrhea, averaging 1–3 episodes per year. In these settings,
infectious diarrhea accounts for approximately 20–25% of the mor-
tality in children less than 5 years of age [1]. In addition, morbidity
of repeated infections is manifest as malnutrition with cognitive and
physical developmental delays. Around the world, there is a substan-
tial difference in incidence of disease among children from different
socioeconomic strata [1]. This difference is likely related to variability
in sanitation, living quarters, and access to treated food and water. Over
the last several decades, mortality from infectious diarrhea has signifi-
cantly decreased, yet morbidity remains largely unchanged. The decline
in mortality is believed to be the result of the widespread implementa-
tion of oral rehydration therapy as recommended by the World Health
Organization (WHO) [2]. The lack of improvement in morbidity and
incidence of disease is likely related to limited improvement in living
conditions.

In developed nations, the mortality rate is lower, seen predominantly
at the extremes of age. Morbidity still remains a major problem, with
children experiencing 2–3 episodes and all persons experiencing 1–2
episodes of acute diarrhea per year [3]. In the United States alone,
there are an estimated 200–300 million episodes of diarrheal illness
each year, resulting in 73 million physician consultations, 1.8 million
hospitalizations, and an estimated 6 billion dollars spent each year on
medical costs and loss of productivity [3]. With globalization of food
processing and distribution, the number of foodborne diarrheal illnesses
has risen [3].

With the morbidity, mortality, and cost of infectious diarrhea, it is
important to promptly determine the appropriate diagnostic evaluation
and treatment.

ETIOLOGY

The major pathogens causing acute infectious diarrhea are viruses, bac-
teria, and parasites. Most cases are self-limited, resolve within 24–48 h,



Chapter 2 / Infectious Gastroenteritis and Colitis 35

and in developed nations, are likely to be viral. A pilot study in the USA
identified a pathogen in approximately 70% of cases, three-quarters of
which were norovirus [4]. In healthy adults, the most likely pathogens
causing severe diarrheas are bacteria [5]. In developing nations and in
returning travelers, enterotoxigenic Escherichia coli (ETEC) is the most
likely pathogen. Parasites are identified less frequently as the cause of
acute infectious diarrhea.

CLINICAL PRESENTATION

Diarrhea is classified as acute (duration less than 2 weeks), persistent
(2–4 weeks), and chronic (greater than 4 weeks). Most infectious diar-
rhea are brief and self-limited, and managed by patients alone. Of those
patients who do present to clinicians, their illness can generally be
divided into small intestinal or ileocolonic disease (see Table 2.1).

Pathogens affecting the small intestine are usually noninvasive
organisms. These patients present with high-volume watery stools
and in some cases malabsorption, frequently leading to dehydration.
Patients often have periumbilical pain and cramping. The most com-
mon pathogens in this category are viruses, such as norovirus and
rotavirus, but also include bacteria: enterotoxigenic E. coli, Vibrio
cholerae, toxin-producing Staphylococcus aureus, and the parasites
Giardia lamblia, Isospora belli, and cryptosporidia (see Table 2.2).
These enteropathogens typically cause disease via enterotoxin pro-
duction, ingestion of preformed toxin, and/or bacterial adherence to
epithelial cells [6].

Colonic and distal small intestinal pathogens are more likely to be
invasive. They result in a syndrome of lower abdominal pain; small-
volume, frequent stools which can be bloody and tenesmus (when the
rectum is involved) (see Table 2.1). The most common pathogens caus-
ing this presentation are bacteria including Campylobacter, Shigella,
Salmonella and Shiga toxin-producing E. coli, and Clostridium difficile.

Table 2.1
Features of small intestinal and ileocolonic disease

Features of small intestinal disease Features of ileocolonic disease

Diffuse periumbilical pain Lower abdominal pain
Large volume stools Small-volume stools
Watery stools Stools may be bloody
Dehydration Tenesmus
Possible malabsorption Dehydration
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Table 2.2
Small intestinal and ileocolonic pathogens

Small intestinal pathogens Ileocolonic pathogens

Viruses
Caliciviruses (norovirus)
Rotavirus
Enteric adenovirus

Bacteria
E. coli

ETEC
EPEC
EAEC
DAEC

V. cholera
L. monocytogenes
C. perfringens
S. aureus

Parasites
G. lamblia
Cryptosporidium
Microsporidium
Cyclospora
Isospora

Viruses
CMV
Adenovirus

Bacteria
Salmonella
Shigella
Campylobacter
STEC or EHEC
EIEC
C. difficile
Yersinia
Non-cholera vibrios
P. shigelloides
A. hydrophila
Tuberculosis
K. oxytoca
C. perfringens

Parasites
E. histolytica
T. trichiura
B. coli
B. hominis

The parasite Entameba histolytica has a predilection for the ileocolonic
area. Fungi are rare in the immunocompetent host (see Table 2.2). The
major mechanisms by which the pathogens cause ileocolonic illness are
cytotoxin production and mucosal invasion leading to inflammation and
ulceration [6].

Although there is some overlap between these two categories, this
distinction is useful to help delineate the likely enteropathogen.

SPECIFIC INFECTIONS

Small Intestinal Pathogens
VIRUSES

Viral gastroenteritis. Viral gastroenteritis is the most common cause
of self-limited, acute diarrhea worldwide, in both children and adults
[7]. Viruses cause illness by diverse mechanisms. In general they infect
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mature villous enterocytes, resulting in loss of the brush border and
impaired absorption [6–8]. New evidence suggests that rotaviruses may
also cause villous ischemia, produce a viral enterotoxin, and even affect
the enteric nervous system [7–9]. Patients typically present with dehy-
drating diarrhea and vomiting, and may have associated fever. The
diarrhea typically resolves within a few days, although adenovirus
may cause persistent, severe disease in immunosuppressed patients [8].
Rotaviruses and noroviruses are the most common causes of diarrhea in
the pediatric population [7], and noroviruses are the most common in
adults. Both viruses are highly contagious as demonstrated by high rates
of transmission in day cares, hospitals (rotavirus) [7], cruise ships, and
banquets (noroviruses). Noroviruses can be acquired by ingestion of
raw oysters from fresh water estuaries. Since viral gastroenteritis is gen-
erally self-limiting, diagnostic tests are usually unnecessary. Treatment
is supportive with oral rehydration. Hand washing with soap is imper-
ative for containment, as alcohol hand gels may not adequately kill
these viruses. The American Academy of Pediatrics recommends rou-
tine immunization of infants with either of the two available rotavirus
vaccines [10]. Norovirus vaccines are under development.

BACTERIA

Escherichia coli. Several groups of E. coli cause diarrhea. Those
E. coli that affect the small intestine include enterotoxigenic (ETEC),
enteropathogenic (EPEC), enteroaggregative (EAEC), and diffusely
adherent (DAEC) E. coli. These bacteria all cause illness by enterotoxin
production or adherence to the brush border causing effacement of cells;
DAEC also has cytotoxic effects [11]. Symptoms include self-limited
watery diarrhea, occurring within 2 days of ingestion and resolving
within 3 days of onset. Diarrhea may occasionally be associated with
nausea, vomiting, or fever. Both ETEC and EAEC are major causes
of traveler’s diarrhea [11, 12], and EAEC is an important cause of
bacterial diarrhea in children in both the USA and developing coun-
tries [11, 13]. EAEC can also cause chronic diarrhea in persons with
HIV [11]. ETEC is increasingly a cause of foodborne illness [13].
DAEC is a cause of diarrhea in children less than 2 years old [14].
EPEC is uncommon but can cause both sporadic and epidemic diar-
rhea, primarily in young children in developing countries. EPEC may
cause severe dehydration or malnutrition, especially when infection
is chronic. Historically, there have not been good diagnostic tests for
these infections. However, newer techniques are allowing for identifi-
cation of the different E. coli species when suggested by clinical history
[13]. Treatment is directed at rehydration therapy. Fluoroquinolones
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(FQ), trimethoprim–sulfamethoxazole (TMP–SMX), azithromycin, or
rifaximin can be used in conjunction with antidiarrheals to decrease
symptoms of traveler’s diarrhea, when appropriate [3, 13].

Vibrio cholera. Vibrio cholerae causes epidemics of dehydrating
diarrhea affecting all ages and may lead to high mortality rates if
the public health interventions are inadequate [1]. Vibrio cholerae
serogroups O1 (biotypes classical and El Tor) and O139 are respon-
sible for these epidemics. Non-O1 non-O139 vibrios are pathogenic
but do not cause epidemics or pandemics [15]. Studies now sug-
gest that the majority of individuals are asymptomatic or have
only mild diarrheal disease [16]. In developing countries, cholera
transmission is via contaminated food and water; in the USA, it
is usually associated with ingestion of undercooked seafood from
the Gulf of Mexico [15]. Risk factors for infection include blood
group 0, HIV [17], and low gastric acid. Cholera is rare in travel-
ers. Vibrio cholerae colonizes the upper small intestine and causes
diarrhea by stimulating cAMP-mediated chloride secretion, inhibit-
ing sodium absorption, and producing platelet-activating factor with
possible resultant alteration in prostaglandin synthesis. Diarrhea
is abrupt in onset, resembles rice water, and is associated with
vomiting. Without proper treatment, the case–fatality rate approaches
50% [15]. Treatment is initially aimed at rehydration. Antibiotics are
given to shorten the duration of diarrhea. For severe cases, intravenous
fluids are necessary and should be isotonic. For mild cases, oral rehy-
dration therapy (ORT) is preferred. Recent evidence suggests that rice,
wheat, or amylase-resistant starch solutions may be better than standard
glucose-based solutions [18–20]. Patients should eat as soon as they can
tolerate oral intake, and infants should continue to breastfeed [15, 21,
22]. Without antibiotics, patients generally recover in 4–5 days, so mild
diarrhea does not require treatment. Oral vaccines are in development;
the older parenteral vaccine is not recommended.

Listeria monocytogenes. Listeria was not thought to cause gastroin-
testinal illness until the 1990s when an outbreak of contaminated
chocolate milk caused acute febrile gastroenteritis. Since then, multi-
ple epidemics have been reported, linked to chocolate milk [23], lunch
meats, and unpasteurized cheeses. Immunocompromised persons and
pregnant women are at increased risk of infection and invasive disease.
Watery diarrhea and fever are often accompanied by myalgias, arthral-
gias, headache, and fatigue or sleepiness [23–25]. Invasive infections
can be fatal. The diagnosis should be considered in patients with febrile
gastroenteritis when routine cultures do not identify a pathogen. Stool



Chapter 2 / Infectious Gastroenteritis and Colitis 39

culture on selective media is diagnostic; blood or cerebrospinal fluid
cultures may be useful in invasive disease. Since Listeria gastroenteri-
tis is generally self-limited and noninvasive, treatment is not currently
recommended [24]. Ampicillin or penicillin G is used for treatment of
invasive disease.

Staphylococcus aureus. Enterotoxin-producing S. aureus has long
been an important cause of food poisoning, leading to vomiting 2–7 h
after ingestion of the toxin [13]. More recently, however, it has been
studied as a cause of antibiotic-associated diarrhea (AAD). Studies have
shown that many AAD S. aureus isolates can produce enterotoxins,
leukotoxins, or toxic shock syndrome toxin 1 [26, 27]. Staphylococcus
aureus can be part of normal gut flora, and colonization rises with
duration of hospitalization and placement of nasogastric tubes. Among
hospitalized patients with AAD, the majority of S. aureus isolates
were methicillin-resistant S. aureus (MRSA). In these patients, MRSA
was found in the blood, suggesting colitis as the cause of bacteremia
[27]. MRSA is shed in stools. Therefore, testing for MRSA-associated
AAD in C. difficile-negative patients should be considered to avoid
dissemination of MRSA throughout the hospital. Testing may also
be considered in community-acquired cases of severe C. difficile-
negative AAD.

PARASITES

Giardia intestinalis (also called Giardia lamblia). Giardia is the
most commonly isolated intestinal parasite in developed countries [28].
It is prevalent throughout the world and is transmitted person-to-
person or via contaminated water. Ingested cysts, which are resistant
to chlorine and gastric acid, become trophozoites in the small intes-
tine and attach to the mucosa. Genotype appears a predictor of disease
severity [29, 30]. Symptoms range from asymptomatic carriage to
severe cramps, bloating and gas, nausea, vomiting, and malabsorption
resulting in explosive fatty diarrhea. Chronic infection can occur in
immunocompetent patients as well as in those with hypogammaglobu-
linemia, especially IgA deficiency. Diagnosis is based on the detection
of cysts in stool. Since cyst excretion is intermittent, three stools over
6 days are necessary; one stool has a yield of 50–70% and three
stools have a yield of 90%. The Giardia stool antigen EIA is excel-
lent, with a sensitivity of 95% and a specificity of 100%. Duodenal
aspiration of trophozoites is also possible. In the USA, the princi-
pal treatment is metronidazole. Alternatives include nitazoxanide and
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tinidazole. Approximately 10–20% of patients will relapse and require
retreatment [31].

Cryptosporidiosis. Cryptosporidium was recognized as a pathogen
in humans in 1976 when case reports documented it to cause severe
diarrhea in immunosuppressed patients. Although the organism pri-
marily infects immunocompromised hosts, it can also infect normal
hosts. Transmission is caused by fecal contamination of water and sub-
sequent ingestion of the chlorine-resistant oocysts. Symptoms range
from mild-to-severe watery diarrhea and can be chronic in patients with
immunodeficiency. Patients may also have dyspepsia, weight loss, and
anorexia. Diagnosis is by stool examination with acid-fast stains. In nor-
mal hosts, disease is self-limited to 2–4 weeks. While previously there
was no effective antimicrobial therapy and treatment was supportive
[32], recent controlled trials showed efficacy of nitazoxanide [33]. It is
now FDA approved for children and immunocompetent patients.

Cyclospora cayetanensis. Cyclospora causes prolonged watery
diarrhea, often lasting 4–6 weeks. The organism resembles
Cryptosporidium, but is larger, and has blue autofluorescence
when examined by UV epifluorescence microscopy, hence the
older names “cyanobacter” and “blue-green algae.” It is transmitted
by contaminated food or water. After ingestion and excystation,
trophozoites invade epithelial cells in the small intestine. Since 1990,
there have been at least 11 foodborne outbreaks in the USA and
Canada [34]. If untreated the diarrhea may last 10–12 weeks and follow
a relapsing course. Associated symptoms include anorexia, weight
loss, nausea, vomiting, abdominal pain, and myalgias. Diagnosis is
made by light microscopy detecting oocysts in stool; excretion can be
intermittent, so multiple stools should be examined. Treatment with
TMP–SMX shortens the course of illness.

Isospora belli. Isospora belli predominantly causes disease in
immunocompromised hosts; however, the organism can also cause
traveler’s diarrhea and outbreaks in immunocompetent individuals.
Similar to cryptosporidia, Isospora causes self-limited watery diarrhea
in normal hosts and chronic diarrhea in immunosuppressed patients.
Eosinophilia may be present. Diagnosis is made by identifying oocysts
in stool with a modified acid-fast stain or by small bowel biopsy.
Treatment is with TMP–SMX. Metronidazole and pyrimethamine are
alternatives for patients with sulfa allergies [34].

Microsporidiosis. Microsporidia are increasingly recognized as
opportunistic infections. Fourteen species infect humans, two of
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which cause gastrointestinal illness: Enterocytozoon bieneusi and
Encephalitozoon intestinalis. These pathogens cause chronic watery
diarrhea and weight loss; E. bieneusi can also cause acalculous chole-
cystitis and E. intestinalis can disseminate to the eye, urinary, and
respiratory tracts. Diagnosis is by light microscopy, which cannot
distinguish species, or electron microscopy, which is expensive and
time-consuming. Treatment for E. bieneusi is oral fumagillin [34].
Encephalitozoon intestinalis and disseminated microsporidiosis are
treated with albendazole [34].

Ileocolonic Pathogens
BACTERIA

Campylobacter. Campylobacter species are common causes of diar-
rheal illness worldwide. Campylobacter jejuni causes the overwhelm-
ing majority of illness in the USA, with Campylobacter coli a distant
second [35]. Campylobacteriosis is primarily a foodborne illness with
poultry being the leading source of infection. Campylobacter can also
be transmitted by the fecal–oral route or by contaminated milk, eggs, or
water. Campylobacter is an invasive organism that induces an inflam-
matory response which can lead to edema, mucosal bleeding, formation
of microabscesses, and ulcerations [6]. Symptoms include cramping,
nausea, anorexia, and watery or bloody diarrhea. Infection is self-
limited and usually resolves within a week. Colitis is common and can
occasionally mimic appendicitis. Complications of infection include
post-infectious irritable bowel syndrome, reactive arthritis (formerly
Reiter’s syndrome), and is the most common cause of Guillain–Barré
syndrome [13]. Diagnosis is made by stool culture. Treatment is not
indicated for mild-to-moderate illness and in fact may lead to increas-
ing antimicrobial resistance. Treatment is appropriate in patients with
severe disease or symptoms lasting longer than 1 week. Macrolides are
the treatment of choice [3, 13, 35]. Fluoroquinolones can still be used,
but there are increasing numbers of ciprofloxacin-resistant strains [36].
Resistance to macrolides is now being reported but tends to occur more
often with C. coli than C. jejuni [35].

Salmonella. Salmonella enterica subspecies enterica has multi-
ple serotypes. The most common serotypes infecting humans are
Salmonella enteritidis, Salmonella heidelberg, Salmonella newport,
Salmonella typhimurium, and Salmonella typhi. These organisms cause
two distinct clinical syndromes: enterocolitis (nontyphoidal serotypes)
and typhoid fever (S. typhi).
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Enterocolitis (gastroenteritis). Nontyphoidal Salmonella gastroen-
teritis is a major cause of bacterial diarrhea in the USA with over 1 mil-
lion cases estimated yearly [37]. In North America, S. typhimurium
and S. enteritidis account for over half of cases; S. newport and S.
heidelberg account for approximately 20% of cases [38]. Salmonella
enterocolitis is commonly caused by contaminated foods such as poul-
try, egg yolks, fresh produce, ground beef, and milk. It has also been
linked to exposure to animals. It is manifest most commonly as an
acute self-limited illness of the small intestine, but the colon can also be
affected. Dysentery (multiple small, bloody, mucoid stools with tenes-
mus) is uncommon. Severe complications such as bacteremia, meningi-
tis, and endovascular lesions may occur in 5–10% of healthy individuals
[37]. Risk factors for invasive infection include corticosteroid use,
extremes of age, inflammatory bowel disease, immunosuppression,
and hemoglobinopathies [13]. Most nontyphoidal Salmonella infec-
tions are limited to uncomplicated gastroenteritis and do not require
treatment. Antibiotics do not decrease duration of symptoms. Instead,
they contribute to adverse public health consequences such as pro-
longed shedding, increased likelihood of a carrier state and emergence
of resistant strains [37]. Antibiotic therapy is indicated for severe symp-
toms, systemic disease, and patients with severe comorbid conditions
or risk factors for invasive infection [13]. Multi-drug-resistant strains
have emerged and are increasing in prevalence. Several studies have
shown that compared to pansusceptible strains, resistance is associ-
ated with increased risks of hospitalization, bacteremia, invasive illness,
and death [37, 39–41]. Treatment of severe disease has generally been
with fluoroquinolones or ceftriaxone; azithromycin may be used [13].
Ciprofloxacin-resistant strains are increasing, and ceftriaxone-resistant
strains are being reported [42, 43].

Typhoid fever. Typhoid fever is caused by S. typhi and is common
in developing countries but rare in the USA. Symptoms occur in four
distinct stages each lasting about 1 week: (1) nonspecific symptoms
(including fevers and chills), (2) right lower quadrant pain with diar-
rhea and rose spots, (3) complications of infection, and (4) resolution
of illness. Diagnosis is made by blood culture early in the course of ill-
ness or stool culture late in the course. Treatment is fluoroquinolones.
However, as noted above, multi-drug-resistant strains are emerging.

Shigella. Shigella colitis is very common worldwide and is caused
by four species: Shigella dysenteriae (which has 13 serotypes), Shigella
flexneri, Shigella boydii, and Shigella sonnei. Shigella dysenteriae
serotype 1 is a major cause of dysentery worldwide, accounting for
approximately 75% of all diarrhea deaths [44]. In the USA, S. sonnei
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and S. flexneri are the most common and cause less severe illness.
Transmission is fecal–oral; S. sonnei is transmitted by uncooked food
or contaminated water. Humans are the only natural host. Shigella is
highly contagious, requiring less than 100 organisms to cause infec-
tion. The pathogenesis of Shigella is via invasion of colonic epithelium
and production of enterotoxins [6, 44]. Symptoms usually include
a 2-day prodrome of constitutional symptoms and secretory diar-
rhea, followed by dysentery, fever, abdominal cramps, and tenesmus.
Colitis predominantly involves the left colon and rectum, and patients
may have more than 20 dysenteric stools per day [44]. Shigellosis
may be complicated by intestinal perforation, toxic megacolon, dehy-
dration, metabolic derangements, sepsis, and multiple extraintestinal
manifestations including thrombotic thrombocytopenic purpura (TTP)
and hemolytic uremic syndrome (HUS). Shigella should be suspected
clinically in patients who present with watery diarrhea followed by
dysentery. Diagnosis is made with stool culture; susceptibility tests
should be performed on all confirmed isolates. Initial treatment is
with ORT. Antibiotics are always recommended for public health
reasons, although most infections would resolve within 5–7 days with-
out treatment. Antibiotics reduce the duration of diarrhea and the
period of Shigella excretion. TMP–SMX is the treatment for shigel-
losis acquired in the USA, and fluoroquinolone is recommended for
disease acquired outside the USA. However, as with Salmonella, there
are increasing numbers of fluoroquinolone-resistant isolates. Other
effective antibiotics include azithromycin [3, 13, 45], second- and third-
generation cephalosporins (for invasive disease), and rifaximin [46].

Escherichia coli. Two types of E. coli affect the colon: enteroinva-
sive E. coli (EIEC) and Shiga toxin-producing E. coli (STEC). STEC
strains that cause hemorrhagic colitis are also called enterohemorrhagic
E. coli (EHEC).

EIEC causes a disease similar to S. sonnei infection clinically and
also shares some biochemical and serologic properties with the organ-
ism [44]. EIEC invades the epithelium and produces a self-limited
watery diarrhea or dysentery. The symptoms are generally mild and can
be treated with a fluoroquinolone or azithromycin [3, 13].

While over 470 STEC serotypes may cause human disease, only
10 serotypes are responsible for the majority of cases [47], including
E. coli O157:H7. Both O157 and non-O157 strains cause epidemics
that peak in the summer. It is estimated that non-O157 strains cause
20–40% of all STEC infections [13, 48]. Ruminants, including cattle,
are a major reservoir for STEC and contribute to the contamination of
beef, water, and produce, such as basil pesto and alfalfa sprouts. STEC
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is not invasive but produces two distinct toxins: Shiga toxin 1 (Stx1)
which is identical to that of S. dysenteriae serotype 1 and Shiga toxin
2 (Stx2), which is responsible for the vascular endothelial injury that
leads to dysentery and TTP/HUS [47]. STEC has some capacity for
invasion, but the majority of systemic effects are caused by absorption
of toxin from the intestine [47].

The typical presentation is nausea, vomiting, and low-grade or absent
fever, followed within 2–3 days by severe abdominal pain and diar-
rhea, which may become bloody. The stool may lack fecal leukocytes.
Symptoms generally resolve within a week unless there are complica-
tions. Escherichia coli O157 strains often localize to the right colon
and the illness may be mistaken for ischemic colitis in the elderly and
intussusception or inflammatory bowel disease in the pediatric popu-
lation. The most dreaded complication is TTP/HUS, which occurs in
approximately 5–10% of patients, several days after the diarrhea begins
[47]. Young children and the elderly are at greatest risk. TTP/HUS may
lead to permanent renal failure, seizure, and death. Thrombocytopenia
is usually the first abnormality seen, followed by hemolysis and renal
failure [49]. Diagnosis of STEC infection is made by stool culture,
with specialized testing of lipopolysaccharides for O157 organisms,
and enzyme immunoassay (EIA) for Shiga toxin. When Shiga toxin
is positive and O157:H7 is negative, testing should be performed for
non-O157 serotypes [13].

Treatment of both STEC and resultant TTP/HUS is supportive with
hydration; there is no role for plasmapheresis since ADAMTS-13 defi-
ciencies are not the cause of disease [50]. Antibiotics and antimotility
agents should be avoided, as there is no clear reduction of symptoms,
and these agents likely increase the risk of developing TTP/HUS by
increasing the release of toxin by bacteriolysis and phage induction
[49–52]. Recent studies show that rifaximin, azithromycin, and fos-
fomycin do not induce Shiga toxin production or release [13, 53] and
may be future antimicrobial treatment options.

Clostridium difficile. Clostridium difficile infection (CDI) is an
important cause of both nosocomial and community-acquired diarrhea.
Epidemics have been documented in hospitals and nursing homes,
and more recently, community-acquired CDI has become a serious
problem. Clostridium difficile causes infection by production of two
toxins, enterotoxin A and cytotoxin B, which cause colonic mucosal
inflammation. A new strain called NAPI/B1 is responsible for recent
epidemics. This strain produces a binary toxin, carries a partial gene
deletion allowing increased production of toxins A and B, and has
quinolone resistance [54]. These properties likely make the strain in
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vitro more virulent and allow for selection of the strain in patients taking
fluoroquinolones.

Patients with CDI may present with watery or rarely bloody diarrhea,
lower abdominal cramping, fever, and leukocytosis. Signs of severe
disease include severe pain, abdominal distension, hypovolemia, lactic
acidosis, and marked leukocytosis (>15,000). Predictors of mortality
are severe leukocytosis or leukopenia (≥35,000/μL or <4,000/μL),
bandemia (neutrophil bands ≥ 10%), age ≥ 70, immunosuppression,
and cardiorespiratory failure (intubation or vasopressors) [55, 56]. The
host immune response may play an important role in pathophysiology.
For example, patients that develop IgG against toxin A are more likely
to remain asymptomatic carriers [57].

CDI should be suspected in anyone who develops diarrhea during or
several weeks following antibiotic therapy. Patients who develop diar-
rhea while hospitalized should be tested for C. difficile. Because of the
recent epidemics, even patients with community-acquired diarrhea may
need to be tested for C. difficile. Diagnosis may be made by detection
of the toxin in the stool. Many laboratories screen stools for C. difficile
with a glutamate dehydrogenase antigen; if negative, no further test-
ing is done. If positive, a confirmatory test for toxin A and/or B is
done, either by EIA or PCR. However, stool tests vary in sensitivity and
specificity; thus if clinical suspicion is high, empiric therapy should be
given.

Treatment of CDI depends on severity of disease; however, in all
cases, the offending antibiotic should be discontinued if possible, and
antidiarrheals should be avoided [58]. For mild-to-moderate disease,
treatment with either metronidazole 250 mg QID or 500 mg TID, or
vancomycin 125 mg QID for 10–14 days is recommended. The lower
dose of vancomycin (compared to 250 mg QID) is sufficient for mild-
to-moderate disease and is less costly [59]. Since vancomycin is more
expensive and poses the public health risk of increasing vancomycin-
resistant enterococcus, metronidazole is the recommended first-line
agent [58]. If there is no improvement after 3 days of metronidazole
therapy, then vancomycin should be initiated.

However, for severe colitis, vancomycin 500 mg QID for four times
a day is recommended. Some patients with severe CDI develop ileus
or toxic megacolon and are unable to take oral antibiotics. In these
cases, intravenous metronidazole 500 mg every 6–8 h should be used. In
some cases, vancomycin may be given via nasogastric tube or rectally.
Colectomy may be required for severe disease [56].

Following treatment for initial CDI, approximately 15–20% of
patients will develop recurrent disease, usually within 5–8 days after
completing antibiotic therapy. Risk factors for recurrence include older
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age, intercurrent antibiotics, renal disease, and prior recurrences of
CDI. There is no standard regimen for recurrent CDI. It is important
to understand that recurrence is not due to resistant organisms, and
therefore retreatment with the same or alternate antibiotic is recom-
mended. Additionally, vancomycin pulses or tapers for an extended
duration are often used [60]. Two weeks of rifaximin following 2 weeks
of vancomycin has shown promise. The probiotic Saccharomyces
boulardii was also found to be a beneficial adjunct to high-dose van-
comycin therapy but should not be used in immunosuppressed patients.
Bacteriotherapy is an area of active study: fecal enemas, colono-
scopic delivery of fecal material, and delivery of colonic flora through
nasogastric tubes have shown success in small studies [61, 62].

Yersinia. Two Yersinia species cause gastrointestinal illness: Yersinia
enterocolitica and Yersinia pseudotuberculosis. Yersinia is not com-
mon in the USA but is common in Northern Europe and is transmitted
by ingestion of contaminated milk products or pork (especially chit-
terlings – hog intestines). It has also rarely been associated with red
blood cell transfusions [63]. These species commonly cause acute col-
itis with abdominal pain (often in the right lower quadrant), fever, and
diarrhea which may be bloody. Symptoms may mimic appendicitis or
Crohn’s disease. Extraintestinal manifestations include reactive arthri-
tis, erythema nodosum, myocarditis, pulmonary infection, nephritis,
osteomyelitis, and sepsis [64]. The diagnosis can be made by stool
culture on special cold-enrichment medium. Cultures from nodes,
blood, and peritoneal fluid may also be diagnostic. Serology with ele-
vated titers in a typical clinical setting may be useful. Treatment is not
necessary in most cases. For severe disease including enteritis, mesen-
teric adenitis, erythema nodosum, and arthritis, it is probably wise to
treat. Recommended antibiotics are fluoroquinolones, TMP–SMX, or
doxycycline in combination with an aminoglycoside [3].

Non-cholera Vibrios. The non-O1 non-O139 vibrios are often
referred to as non-cholera vibrios. These include Vibrio vulnificus,
Vibrio parahemolyticus, Vibrio fluvialis, Vibrio alginolyticus, as well
as other less common vibrios. These pathogens do not cause epi-
demics or pandemics but can cause small outbreaks, usually associated
with ingestion of raw or undercooked shellfish [65]. In the USA, the
Gulf states have the highest prevalence of disease, and several cases
occurred following Hurricane Katrina [66]. Patients with chronic liver
disease are at increased risk of infection and should not eat under-
cooked shellfish. The non-cholera vibrios invade the colonic mucosa
causing a self-limited bloody diarrhea and fever. However, several



Chapter 2 / Infectious Gastroenteritis and Colitis 47

extraintestinal manifestations have been reported, including peritoni-
tis, sepsis, necrotizing soft-tissue infections, septic arthritis, keratitis,
and endophthalmitis [67–73]. Treatment is generally not required, but
tetracycline, azithromycin, or fluoroquinolone may be used for severe
illness [13].

Plesiomonas shigelloides. Plesiomonas is an uncommon organism
that may cause an acute secretory, acute dysenteric, or persistent diar-
rhea. Consumption of raw seafood and international travel may be risk
factors [13, 74]. Rarely, it has been associated with biliary tract disease
[75–77]. Treatment is usually not necessary, but if needed, TMP–SMX,
fluoroquinolones, and azithromycin may be used [3, 13]. Susceptibility
testing should be performed if treatment is needed.

Aeromonas hydrophila. This organism may affect either the small
bowel or the colon. Outbreaks have been associated with water, food,
and day care. Aeromonas primarily affects children, and the reported
prevalence varies significantly in studies. Symptoms include watery
diarrhea that may become bloody, abdominal cramps, nausea, vom-
iting, and fever. Illness generally resolves in 1–2 weeks but can
become persistent or chronic, requiring antibiotics. Extraintestinal man-
ifestations include bacteremia, cellulitis, peritonitis, meningitis, and
respiratory disease [76]. Susceptibility varies greatly among strains,
so susceptibility testing should be performed. Possible antimicrobial
agents include azithromycin, fluoroquinolones, and TMP–SMX [3, 13].

Tuberculosis. In the USA, intestinal tuberculosis is most commonly
seen in immigrants from high-risk regions and in persons with HIV. It
often involves the ileocecal area. Findings are nonspecific, and patients
may present with chronic abdominal pain, a palpable right lower quad-
rant mass, or constitutional symptoms; diarrhea is uncommon. Less
than half of patients will have active pulmonary tuberculosis [78].
Skin tests may be positive. Diagnosis is made with colonoscopy and
biopsy. Typical colonoscopic findings are discrete ulcers, often in the
cecum [79].

Klebsiella oxytoca. For decades, the role of K. oxytoca as a pathogen
was unclear. Recent evidence suggests that certain strains produce cyto-
toxin and are responsible for antibiotic-associated hemorrhagic colitis
(AAHC), which can be acquired in the community or nosocomially
[27, 80]. AAHC typically presents with the sudden-onset bloody diar-
rhea 2–7 days after initiation of treatment with penicillins and some
cephalosporins [27, 80]. AAHC may mimic ischemic colitis. Less com-
monly, the illness may be nonhemorrhagic and delayed in onset [80].
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Klebsiella oxytoca leads to mucosal hemorrhage and edema, predomi-
nantly in the right colon. Diagnosis is made by stool culture or biopsy
and requires selective media. Most cases studied had rapid clinical and
endoscopic resolution after withdrawal of antibiotics [26].

Clostridium perfringens type A. Clostridium perfringens is ubiqui-
tous in the environment and has been found to be part of the residential
gut flora in up to 40% of healthy persons [27]. Only about 2–5% of
C. perfringens isolates, usually type A, produce enterotoxin and can
cause food poisoning. Patients usually develop watery diarrhea without
vomiting within 48 h of ingestion of contaminated poultry, vegetables,
or meat [13]. New evidence suggests that these enterotoxin-producing
strains may also cause C. difficile-negative AAC in elderly patients due
to alterations in gut flora [26].

PARASITES

Entameba histolytica. Several Entameba species colonize humans,
but most are not pathogenic. Entameba histolytica is a well-recognized
human pathogen. The protozoa are transmitted by the ingestion of
cysts in contaminated food and water or by anal–oral sexual prac-
tices. Entamebae are found worldwide, with highest incidence in
developing regions with poor sanitation [34]. Therefore, travelers
to and immigrants from these regions are at risk. Patients may be
asymptomatic or develop invasive intestinal and/or extraintestinal ame-
biasis. Invasive disease is caused by adherence to and lysis of colonic
epithelium. Subsequent invasion of the bloodstream and extraintesti-
nal spread may then occur [81]. Patients may present with abdominal
pain, weight loss, and watery diarrhea, sometimes with blood. In
the USA, dysentery is less common, and patients may present with
colicky abdominal pain and diarrhea alternating with constipation,
mimicking irritable bowel syndrome [82]. Rare manifestations of dis-
ease include acute necrotizing colitis, toxic megacolon, and ameboma.
Invasive extraintestinal manifestations include liver abscesses, peritoni-
tis, pleuropulmonary abscesses, and cutaneous or genital lesions [34].
Diagnosis may be made by stool microscopy. However, this method
may not differentiate E. histolytica from non-pathogenic Entameba
dispar. These organisms may be distinguished by serology, stool anti-
gen detection, or PCR [83]. Treatment for asymptomatic infection is
iodoquinol or paromomycin. Oral metronidazole three times a day is the
treatment for invasive disease. Parental metronidazole can be used for
severe cases and should be supplemented with broad-spectrum antibi-
otic coverage of intestinal flora to prevent secondary sepsis. A 3-day
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course of nitazoxanide is a promising new regimen. Treatment of inva-
sive disease should be followed by treatment with a luminal amebicide:
iodoquinol or paromomycin [34, 83].

Trichuriasis (whipworm). Trichuriasis is a helminthic infection
caused by the nematode Trichuris trichiura. It is common worldwide,
especially in tropical regions and in the southern USA. It is associ-
ated with poor sanitation. Transmission is by fecal–oral spread. In mild
infections, the cecum and the ascending colon are primarily involved,
but the entire colon can be involved with severe infection. Most infec-
tions are asymptomatic. In severe cases, patients may have symptoms
of loose stools often with blood or mucus, nocturnal stools, dysentery,
and rectal prolapse. Other findings can include anemia, eosinophilia,
pica, finger clubbing, and impaired growth and cognition in children.
Diagnosis is by stool examination for eggs. Treatment of choice is
mebendazole. Albendazole is an alternative choice [34].

Blastocystis hominis. Blastocystis hominis has been reclassified
numerous times, and most recently, was classified as a stramenopile (an
assemblage of unicellular and multicellular protists). Its pathogenicity
is debated. The organism occurs in both symptomatic and asymp-
tomatic persons, suggesting that it is not pathogenic. However, others
have described clinical responses to antimicrobial therapy. Reported
symptoms include watery diarrhea, abdominal pain, perianal pruritus,
and excessive flatulence. Diagnosis is based on finding cysts in stool.
Treatment is controversial, but metronidazole, iodoquinol, and nitazox-
anide have reportedly been effective [34, 84].

Balantidium coli. This protozoan parasite is a rare cause of colitis.
Most cases are asymptomatic, but it can cause persistent diarrhea,
occasionally dysentery, abdominal pain, and weight loss. Diagnosis is
made by detecting the protozoan in stool. Treatment is tetracycline or,
alternatively, metronidazole [34].

VIRUSES

Cytomegalovirus. CMV can affect any part of the gastrointestinal
tract in immunocompromised hosts, especially those with advanced
HIV. Only enteritis and colitis cause diarrhea, with colonic disease pre-
dominating. Symptoms of colitis include explosive watery diarrhea,
low-grade fever, weight loss, anorexia, malaise, abdominal pain, and
bleeding [85, 86]. Diffuse mucosal hemorrhage and perforation are
life-threatening complications. Diagnosis is made via colonoscopy and
biopsy revealing mucosal ulcerations with characteristic intranuclear
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and intracytoplasmic inclusions. Treatment involves IV ganciclovir or
foscarnet for 3–4 weeks. Oral valganciclovir may be used if symptoms
are not severe enough to cause malabsorption, or after several days of
treatment with the IV medications [87]. For patients who may start anti-
retroviral therapy for HIV, it is important to ensure that the patient has
had an ophthalmologic exam to rule out CMV retinitis.

CLINICAL EVALUATION

The assessment of a patient with acute infectious diarrhea includes an
evaluation of volume status and severity of illness, a focused epidemi-
ologic history, and a determination of whether or not diagnostic testing
is indicated.

The initial evaluation focuses on the patient’s volume status. In
patients with diarrhea, the physical exam finding that best predicts
volume depletion is dry axillae; severe postural dizziness, supine tachy-
cardia, and a postural pulse increment of >30 bpm are suggestive.
Although not predictive alone, the combination of confusion, extrem-
ity weakness, slurred speech, dry mucous membranes, dry or furrowed
tongue, and sunken eyes suggests volume depletion, with more find-
ings making the diagnosis more likely [88]. Because it is difficult to
determine volume depletion accurately with physical exam alone, addi-
tional evaluation with a serum chemistry panel, urine electrolytes, and
urine output is recommended. Rehydration therapy will be discussed
below.

It is useful to distinguish between ileocolonic and small intestinal
disease as this can help identify the pathogen and guide diagnostic
testing (see Tables 2.1 and 2.2). Epidemiologic clues include travel
history, recent hospitalizations, underlying medical illnesses, sexual
history, and exposures to day care, unsafe foods, untreated fresh water,
animals or ill persons (see Table 2.3). Severe disease is indicated
by a prolonged illness, illness that is not improving after 48 h, pas-
sage of >6 stools per day, volume depletion, bloody or dysenteric
stools, fever, and severe abdominal pain in patients older than 50
years. In evaluating infectious diarrhea, physical exam helps assess vol-
ume status and disease severity (i.e., abdominal pain or wasting) (see
Table 2.4).

Diagnostic testing may be indicated for individuals or public health
concerns. For the individual patient, diagnostic testing is indicated if
the patient has severe disease as defined above, systemic symptoms,
illness lasting > 1 week, or the patient is elderly or immunocompro-
mised. For public health reasons, diagnostic testing is also indicated
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Table 2.3
Epidemiologic features

Pathogen Epidemiologic features and risk factors

Salmonella Poultry, livestock, milk, raw eggs, fresh produce, pet
turtles, and reptiles

Shigella Family, day-care centers
Campylobacter Poultry, meats, dairy products
Non-cholera vibrios Raw or undercooked seafood, liver disease, alcoholism
C. difficile Recent or current antibiotics, hospitalizations,

chemotherapy
S. aureus Custards and cream-based foods, poultry, eggs
C. perfringens Meat, home canned foods, poultry, gravy
Listeria Milk, lunch meats, and unpasteurized cheeses,

pregnancy
Yersinia Pork, chitterlings (hog intestine), hemochromatosis
STEC Undercooked ground beef, day-care centers, petting

zoos, unpasteurized apple cider, raw vegetables, leaf
lettuce, basil pesto, salami

Cryptosporidia Water, day-care centers
Giardia Untreated fresh water, anal intercourse, day-care

centers
Cyclospora Day-care centers, imported raspberries, fresh basil
Microsporidia HIV/AIDS
Norovirus Fresh water, food borne, cruise ships, nursing homes,

raw shellfish, schools, camps
Rotavirus Day-care centers

Adapted from Ref. [94].

Table 2.4
Historical evaluation

Important questions to ask

– Disease severity
Duration, onset (sudden vs gradual), frequency, volume depletion

– Ileocolonic vs small intestinal disease features (see Table 2.1)
– Associated symptoms

Nausea, vomiting, abdominal pain, fever, headache, arthralgias
– Epidemiology (see Table 2.3)
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Table 2.5
Indications for diagnostic testing of stool specimens

Who should have diagnostic testing?

– Severe illness
Prolonged illness, illness not improving after 48 h, greater than six loose

stools per day, volume depletion, bloody stools or dysentery, fever, and
severe abdominal pain in persons age>50 years

– Immunocompromised patients (see IDSA guidelines for
immunocompromised patients)

– Suspected outbreak
– Persons with high risk to spread infection

Food handlers, caregivers, healthcare workers, day-care attendees or
workers, institutionalized persons

when an outbreak is suspected or the patient is at high risk to transmit
the infection to others (see Table 2.5).

DIAGNOSTIC EVALUATION

When diagnostic evaluation is indicated, it is important to decide what
type of testing is appropriate. Diagnostic testing should be selective,
based on the patient’s individual clinical picture [3]. When the epi-
demiologic history suggests a specific pathogen, individual testing for
the enteropathogen can be performed. Otherwise, the following studies
should be considered.

Fecal Leukocytes and the Lactoferrin Assay
The utility of fecal leukocytes and stool lactoferrin is debated. Since
these tests identify inflammatory markers, they are nonspecific to infec-
tious enterocolitis; both have high false-positive rates, and cannot
distinguish infectious from inflammatory diseases. A recent meta-
analysis found that these tests performed better in evaluating patients
in developed countries. The sensitivity and the specificity for fecal
leukocytes in developed countries were 0.73 and 0.84, respectively,
although bias in favor of the test was noted [89]. The lactoferrin assay
appears to be useful when negative, but not when positive [89, 90].
Also, it may miss noninvasive infections such as STEC or ETEC [3].
Until new studies put the debate to rest, it is reasonable to consider
the use of fecal lactoferrin or leukocytes as a screening tool to identify
colonic inflammation. However, it is important to remember that some
infections may be missed.
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Stool Culture
In immunocompetent patients, indications for stool culture for enteric
pathogens include bloody stools, severe diarrhea, fever, severe abdomi-
nal pain, or travel to high-risk areas. If symptoms persist for more than
1 week, stool cultures may be indicated. For nosocomial diarrhea, stool
should be tested for C. difficile. When C. difficile testing is negative,
other etiologies such as toxin-producing S. aureus and C. perfringens,
K. oxytoca, and non-infectious causes should be considered. Patients
with persistent diarrhea should be evaluated with stool ova and parasite
testing.

TREATMENT

Rehydration, Nutrition, Electrolytes
The cornerstone of treatment for diarrheal illness is rehydration.
Internationally, oral rehydration therapy (ORT) is the first-line treat-
ment, but when available, intravenous fluids may be given for severe
illness. WHO and UNICEF now recommend a reduced-osmolarity
oral rehydration solution (ORS) for patients with acute, non-cholera
diarrhea, as this solution was found to decrease both stool output
and vomiting compared to standard ORS [91]. Electrolytes should be
monitored and repleted. Newer ORS with resistant starches are being
studied and show promise. Adequate nutrition is also important. Adults
and children should consume easily digestible foods such as soups,
crackers, and mashed potatoes. Infants should continue to breastfeed or
drink formula [13, 91, 92]. Zinc supplementation reduces the duration
and severity of illness in children [91, 92].

ANTIDIARRHEALS

Some antidiarrheal agents (including bismuth subsalicylate and lop-
eramide) may be given safely in patients with infectious diarrhea. In the
setting of appropriate antimicrobial therapy, most antimotility agents
are unlikely to be harmful [13] and have shown benefit in traveler’s
diarrhea [93]. However, due to the risk of precipitating toxic megacolon
or systemic illness by prolonged exposure of bacteria to the intestinal
mucosa, antimotility agents are to be avoided in children, as well as
in adults with severe bloody diarrhea, inflammatory diarrhea, severe
colitis, or C. difficile infection.

ANTIMICROBIALS

Since there are individual and public health risks associated with
antimicrobial therapy, it is generally best to await results of diagnostic
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testing before treating. Some risks of antibiotics include inducing
TTP/HUS with STEC infection, increasing antimicrobial resistance,
and exposing patients to side effects of antibiotic therapy. However, in
certain situations, the benefits of empiric therapy outweigh the risks.
Empiric therapy is thus recommended for the following situations:
severe illness requiring hospitalization (particularly admission to an
intensive care unit), moderate-to-severe traveler’s diarrhea, elderly or
immunocompromised hosts, suspected C. difficile colitis with severe
disease, suspected shigellosis, or persistent diarrhea with suspected
Giardia. If these conditions are not present, or there is suspicion
for STEC (bloody diarrhea and absence of fever) or nontyphoidal
Salmonella, or clinical uncertainty is present, it is most appropriate to
wait for culture results before treating. Once an organism is identified,
then treatment should be initiated as discussed above for each pathogen.
Traveler’s diarrhea may be treated empirically with ciprofloxacin,
azithromycin, or rifaximin. New evidence suggests that chemoprophy-
laxis with rifaximin or bismuth subsalicylate may decrease acquisition
of traveler’s diarrhea by 65–70% [13]. As new antimicrobial resistance
patterns are continually emerging, it is important to check frequently
updated sources for antimicrobial recommendations.

CONCLUSION

Infectious diarrhea is a major cause of morbidity and mortality world-
wide and is increasing in the USA due to current food cultivation and
distribution practices. Most diarrheas can be classified as small intesti-
nal or ileocolonic, which aids in the identification of the causative agent.
Viral gastroenteritis remains the most common cause of infectious diar-
rhea in the USA and is treated supportively. Most moderate-to-severe
disease is caused by bacterial pathogens, some of which require spe-
cific treatment. Antimicrobial therapy should be avoided in suspected
cases of STEC and Salmonella. Empiric therapy may be appropriate
based on epidemiologic and historical clues, the severity of illness, or
specific host factors. As resistance patterns are continuously changing,
checking updated sources prior to initiating antimicrobial treatment is
recommended.
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Summary

In summary, diarrhea is a frequent complaint in patients with IBD,
with a complex pathophysiologic basis. In any patient presenting
with a new inflammatory diarrhea, a wide variety of etiologies must
be considered, including a new diagnosis of UC or CD. In patients
with pre-existing IBD, the prudent clinician must consider not only a
potential exacerbation of their documented disease but also a number
of other potential confounding conditions. A focused but thorough
medical history, physical examination, laboratory evaluation, and
imaging studies may be useful. Endoscopic examination of the upper
or the lower digestive tracts may be necessary in the majority of
patients. There are a number of antidiarrheal therapies that may be
used for symptomatic control in these patients; however the treatment
of the underlying disease is the primary goal.
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INTRODUCTION

Inflammatory bowel disease (IBD) is an umbrella term that pri-
marily incorporates both ulcerative colitis (UC) and Crohn’s dis-
ease (CD), although other disorders resulting in inflammation,
including microscopic (lymphocytic) colitis, collagenous colitis, and
diverticulitis, also fall under this rubric. This chapter will primarily
focus on UC and CD. Both diseases encompass a multisystem group
of symptoms with specific clinical and pathological features, often
characterized by intermittent exacerbations of symptoms and periods
of disease remission that may occur spontaneously or in response to
treatment.

Ulcerative colitis is a mucosal inflammatory process limited to the
rectum and the colon, characterized by contiguous inflammation begin-
ning in the rectum and progressing proximally for variable distances.
Different terms are used to describe the extent of disease, with ulcera-
tive proctitis referring to disease limited to the rectum, left-sided colitis
referring to disease that extends to the splenic flexure, and pancoli-
tis referring to inflammation that extends beyond the splenic flexure.
Isolated involvement of the cecum (a cecal patch) or the terminal ileum
(so-called “backwash ileitis”) may also be noted.

While CD can manifest as a pure colitis, with phenotypic features
that are difficult to differentiate from UC, this disorder is more notably
characterized by focal, asymmetric, transmural, and occasionally gran-
ulomatous inflammation that can involve the entire gastrointestinal
tract [1]. Due to the transmural nature of inflammation in CD, com-
plications such as fistulization, intestinal strictures, obstruction, and
abscesses, with the additional potential for perianal disease, may also
be seen. While CD can occur anywhere in the gastrointestinal tract
from the mouth to the anus, approximately 80% of patients will have
some involvement of the small bowel, with one-third having disease
that is exclusive to the ileum. Approximately half of all patients with
CD will have ileocolitis, one-third will have perianal disease, and
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10% will have rectal sparing. These differences between UC and CD
are important, as they impact upon the clinical presentation of these
disorders.

Diarrhea remains one of the most common symptoms reported in
patients with IBD, ranging from a symptomatic nuisance to a poten-
tially life-threatening crisis [2]. Diarrhea is the initial symptom in 50%
of flares in CD and nearly 100% in UC [3]. The mechanisms of diarrhea
in IBD are multifactorial and dependent in large part upon the extent
and distribution of disease. It is paramount that physicians take the
necessary measures to fully evaluate a patient with IBD who endorses
a change in the character, frequency, or severity of their diarrhea, as
differentiation between a flare of pre-existing IBD and an alternate eti-
ology for their complaint is essential. It is important to remember that
not all diarrheas in the IBD patient are the same, and the therapy must
be tailored according to the presumed etiology [2].

EPIDEMIOLOGY

Despite years of investigation, the etiology of IBD has not yet been
identified. Although the highest prevalence occurs in North America,
the United Kingdom, and northern Europe, these diseases are increas-
ingly being reported in other parts of the world as they become more
“Westernized.” In North America, prevalence rates range from 37 to
246 cases per 100,000 persons for UC and from 26 to 199 cases per
100,000 persons for CD [4]. Thus IBD is a common ailment and as such
must be considered in the differential diagnosis for a patient presenting
with the complaint of diarrhea.

Most cases of IBD occur in the second and third decade of life;
however many studies suggest a bimodal distribution of disease, with
a second peak between age 50 and 80 [5]. In addition to an increased
incidence in the Ashkenazi Jewish population, patients with IBD have a
5–20% chance of having a first-degree relative with this disorder, with a
positive family history noted more frequently in patients with CD than
with UC [6].

PATHOPHYSIOLOGY

The pathophysiology of IBD is complex and not completely eluci-
dated. A complete discussion is beyond the focus of this chapter.
However, there is mounting evidence that IBD involves a complex inter-
action between four separate mechanisms, each of which may serve
as specific targets for current and future therapeutic endeavors. These
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include a genetic predisposition that results in immune regulatory cell
derangement, defects in the mucosal barrier, and a susceptibility to
environmental triggers that include specific antigens as well as the
patient’s commensal luminal bacteria [3].

Genetic mutations in genes such as CARD15 and NOD2 can cause
defects in important immune regulatory proteins, the consequence of
which may be initiation of systemic responses that lead to uncontrolled
inflammation. The presence of such mutations may also provide impor-
tant prognostic information, such as preponderance for early onset
disease, fistulization, and ileitis [6].

Alterations in mucosal immunity have also been demonstrated in
patients with IBD, where an increase in the effect cell population
(such as CD4 T-helper cells, Th1/Th2) with excessive inflammatory
responses or a decreased function of regulatory-type T cells can result
in mucosal inflammation. Other mediators, such as tumor necrosis fac-
tor alpha (TNF-α) and mitogen-activated protein kinases (MAPKs), are
also believed to be crucial for the inflammatory process [7].

The intestinal epithelium acts as a selective barrier between the
intestinal lumen and the luminal contents and mediates communication
with the mucosal immune system. Derangement of this barrier results
in increased permeability, with the subsequent loss of ions and water
and the entry of antigens and macromolecules [7].

The role of the patient’s luminal commensal bacteria has been inves-
tigated with the use of germ-free mouse models, which do not develop
intestinal inflammation. From such models, we have learned that CD4
T-helper cells act as effectors, while native bacterial flora seems to drive
the disease through an overly aggressive cellular response in genetically
susceptible individuals [7].

Diarrhea in IBD
The mechanisms of diarrhea in IBD are complex and multifactorial,
involving mucosal inflammation, malabsorption, and dysmotility. In
both UC and CD, the severity and clinical manifestations are dependent
upon the distribution of the disease. For example, ulcerative procti-
tis may result in tenesmus, urgency, and hematochezia, while small
bowel CD may result in bile salt and fat malabsorption causing bloating
and steatorrhea. The most important underlying mechanism for diar-
rhea is inflammation, which leads to stimulation of anion secretion and
impaired absorption, as well as denudation of the epithelium resulting
in the leakage of plasma and blood, collectively leading to secre-
tory diarrhea [2]. When small bowel disease is present, malabsorption
can result from both intestinal inflammation and surgical intervention.
Compounding this is the potential for small bowel bacterial overgrowth
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(SBBO) secondary to the stricturing disease and dysmotility, which
may result in both fat malabsorption due to bacterial deconjugation of
bile and a relative increase in the osmotic load delivered to the small
bowel.

Finally, active colitis is accompanied by a relative dysmotility that
decreases the absorption of water and electrolytes in the colon [2].

Diarrhea as a Side Effect of Medication
Medications available to treat IBD are available in a variety of forms,
including oral tablets or capsules, foam or liquid enemas, suppos-
itories, and subcutaneous or intravenous injections. As with many
types of pharmacotherapy, the tolerance to these medications varies
widely from patient to patient. It should be noted, however, that diar-
rhea is a well-documented side effect from all classes of medications
used to treat IBD, including 5-aminosalicylate (5-ASA) compounds,
antibiotics, immunomodulators, and biologics. As would be expected,
the frequency of diarrhea varies among various treatment modalities.
Olsalazine, a 5-ASA compound that requires colonic bacteria to cleave
its azo bond, causes secretory diarrhea in up to 12.5% of patient [8].
Hypersensitivity to 5-ASA compounds can also cause worsening of
diarrhea after initiation of treatment, which generally resolves after the
drug is stopped. Furthermore, antibiotics, which are frequently used in
the treatment of Crohn’s disease, are well known for causing an osmotic
form of diarrhea.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis in the evaluation of diarrhea is naturally
quite broad (see Table 3.1). The specific symptoms and signs that
often accompany inflammatory diarrhea (abdominal pain, constitu-
tional symptoms, hematochezia, and extraintestinal manifestations, for
example) help to narrow the possible etiologies. However, a vari-
ety of causes must be considered prior to embarking upon a more
extensive diagnostic evaluation and treatment for IBD. Included in
this differential diagnosis are typical infectious diseases caused by
organisms such as Salmonella, Shigella, and Campylobacter, as well
as atypical infections in patients on immunosuppressive therapy, such
as cytomegalovirus (CMV). Yersiniosis may mimic CD in presen-
tation and must be considered on the list of potential pathogens.
Enterohemorrhagic Escherichia coli (EHEC) can produce bloody diar-
rhea and abdominal pain, and should therefore be ruled out. Intestinal
amebiasis can present with severe dysentery and should be considered
in those patients with the appropriate exposure history.
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Table 3.1
Differential diagnosis for diarrhea in IBD

Inflammatory diarrhea
• Infectious colitis

◦ Salmonella/Shigella/Campylobacter
◦ Yersiniosis
◦ Enterohemorrhagic E. coli 0157:H7
◦ CMV colitis
◦ C. difficile infection
◦ Intestinal amebiasis

• Ischemic colitis
• Diverticulitis
• Diverticular disease-associated segmental colitis
• Inflammatory bowel disease new onset or flare of existing disease

Non-inflammatory diarrhea

• Viral enteritis
• Small bowel bacterial overgrowth (SBBO)
• Lactose intolerance or food intolerance
• Irritable pouch syndrome (IPS) or irritable bowel syndrome (IBS)
• Brisk gastrocolic reflex
• Postsurgical (bile salt diarrhea, diversion colitis, pouchitis)
• Secondary to Crohn’s disease (gastrocolic fistula, intestinal stricture/

obstruction, anorectal disease)
• Fecal incontinence

Of particular consideration is Clostridium difficile infection (CDI),
which is noted with increased incidence in patients with IBD and may
present in an atypical fashion.

Patients with IBD have a four times greater mortality and higher
rate of colectomy than those without underlying IBD [9]. Given the
common use of immunosuppressive medications and antibiotics in this
patient population, a high level of suspicion must be maintained when
confronted with an IBD patient with symptoms suggestive of CDI.

Non-infectious etiologies for inflammatory diarrhea include diverti-
culitis, diverticular disease-associated segmental colitis, and ischemic
colitis, but these can usually be discerned from IBD by history and
imaging studies. Other considerations in a patient with IBD who
presents with diarrhea should include bile salt-induced diarrhea, bypass
of luminal contents via a fistula (such as a gastrocolic fistula), intestinal
obstruction or stricture, diversion colitis, SBBO (particularly if the
patient has a history of ileocolonic resection or intestinal strictures), and
anorectal disease with fecal incontinence which patients may report as
“diarrhea” [1].
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Finally, while not inflammatory in nature, one must consider other
common causes for diarrhea such as viral enteritis, medication effects,
lactose intolerance (particularly in those with jejunitis or large jeju-
nal resections, as lactase is primarily located in this segment), food
intolerance, a brisk gastrocolic reflex, and irritable bowel syndrome
(IBS).

CLINICAL PRESENTATION

Characteristic symptoms of IBD include chronic and often noctur-
nal diarrhea and abdominal pain. Constitutional symptoms (weight
loss, night sweats, and fever) are frequently noted and are reflec-
tive of the underlying mucosal inflammation. Hematochezia, urgency,
and tenesmus are common complaints in UC but may be absent in
CD. Clinical signs include pallor, cachexia, an abdominal mass or
tenderness, perianal fissures, fistulas, and abscess. In the pediatric
population, growth failure or pubertal delay may be seen. Although
the onset of these signs and symptoms are typically insidious, ful-
minant presentations with toxic megacolon and systemic toxicity can
occasionally be seen.

Associated extraintestinal manifestations of IBD include spondy-
loarthritis (ankylosing spondylitis and sacroiliitis), peripheral arthritis
(typically pauciarticular involving the large joints), cutaneous man-
ifestations (erythema nodosum and pyoderma gangrenosum), ocular
inflammation (uveitis, episcleritis, and sclera-conjunctivitis), primary
sclerosing cholangitis, and hypercoagulability. Sequelae related to
malabsorbtion, such as anemia, cholelithiasis, nephrolithiasis, and
metabolic bone disease, may also be present. There is also an increased
risk for gastrointestinal adenocarcinoma with prolonged duration of
IBD [1].

There are multiple factors known to exacerbate IBD, including
infections (both intra- and extracolonic), the use of nonsteroidal anti-
inflammatory drugs (NSAIDS), and, in CD, cigarette smoking [10].

Although patients and practitioners believe that stress may play a
role in symptomatology of IBD, this has not yet been demonstrated in
a reproducible fashion [11].

EVALUATION

As with any clinical evaluation, the first step is the solicitation of a
focused history. This not only can provide important diagnostic infor-
mation but also may guide the clinician in identifying risk factors for the
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development of IBD as well as in the choice of appropriate therapeu-
tic intervention. In addition to obtaining a complete past medical and
surgical history, the patient should be queried regarding relevant travel,
residence, occupation, pets, and hobbies, as these may provide impor-
tant clues to an underlying infectious etiology. Family history is also
important. The presence of a first-degree relative with IBD substan-
tially increases an individual’s risk, although the majority of patients
with IBD lack such a genetic component to their disease. A com-
plete accounting of current and recent medications, prescribed as well
as those over the counter or administered by alternative health-care
providers, should be obtained, as diarrhea is a known side effect or
complication of many pharmacotherapeutic agents.

Physical Examination
Physical examination may not be useful as a diagnostic tool in eval-
uation of patients with possible IBD, but it helps the clinician to
assess the patient’s clinical status (i.e., assessment for systemic inflam-
matory response and hydration status). Evidence of malabsorption,
such as muscle wasting or pallor, may be noted in more severe
cases.

Certain clinical features may suggest either a new diagnosis of IBD
or progression of documented disease. These include aphthous ulcers,
cutaneous lesions consistent with erythema nodosum or pyoderma gan-
grenosum, ocular inflammation, anorectal fistulization, and abdominal
tenderness, particularly with a palpable mass in the right lower quadrant
suggestive of inflammation of the terminal ileum.

Laboratory Evaluation
Serology may be helpful in assessing disease severity, with increased
white blood cell count, elevated erythrocyte sedimentation rate (ESR),
and elevated C-reactive protein as indicators of inflammation. A rel-
ative anemia, low serum albumin, and variations in red blood cell
indices such as the mean cell volume may serve as markers for impaired
nutritional status. It should be noted, however, that normal serologic
tests do not exclude the diagnosis of IBD, particularly in the pediatric
population [12].

Obtaining a standard stool culture for Campylobacter, Salmonella,
and Shigella should be considered as part of the initial evaluation of
suspected inflammatory diarrhea. In addition, stool for C. difficile toxin
should be obtained, even if there is no history of antibiotic use, given
its current incidence in the community. Of note, there is no advantage
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in obtaining intraluminal fluid or biopsy specimens over standard cul-
ture [13]. The evaluation of stool for ova and parasites should also be
considered to rule out intestinal amebiasis. Three specimens, each sepa-
rated by a 24-h period, should be analyzed to increase diagnostic yield,
as parasites may be excreted intermittently.

Consideration should also be given to evaluation for other pathogens
that can mimic IBD, such as Yersinia enterocolitica and EHEC. Yersinia
can present with right lower quadrant abdominal pain and fevers, and
thus may mimic Crohn’s ileitis. To rule out yersiniosis, stool (and
potentially other body fluids) should be cultured. Serologic assays have
been developed and may support this diagnosis; however these are
not currently widely available in the USA. The gram-negative bacteria
E. coli O157:H7, which produces Shiga toxin, may result in a hemor-
rhagic colitis presenting with marked abdominal pain, similar to that
of inflammatory bowel disease. Stool culture on sorbitol–MacConkey
agar, or specific evaluation for Shiga toxin, should be considered as a
routine test in the evaluation of inflammatory diarrhea.

Evaluation of inflammatory diarrhea traditionally has included
microscopic analysis for fecal leukocytes alone, or in combination with
fecal occult blood testing.

Multiple critical analyses have questioned the usefulness of this
approach, given the low sensitivity and specificity of both tests. While
there is about 70% agreement for both tests in predicting infection
with Shigella, overall fecal leukocytes are a poor diagnostic test in
the evaluation of inflammatory diarrhea. An alternative test is the fecal
lactoferrin assay (FLA). This assay has been shown to be a more pre-
cise and technically durable marker for fecal leukocytes and hence
for inflammatory diarrhea [14]. Calprotectin is another protein that is
found in neutrophils and monocytes, is present in the stool samples
of patients with colitis, and has also been shown to be a sensitive
marker for distinguishing between inflammatory and non-inflammatory
diarrhea [15].

In patients who are being treated with immunomodulators, additional
consideration must be given to atypical causes of diarrhea including
CMV, herpes simplex virus, Cryptosporidium, Chlamydia trachomatis,
Isospora belli, and Mycobacterium.

Imaging Studies
A variety of available imaging studies offer the potential to differentiate
between inflammatory and non-inflammatory ileocolitis, and provide
the opportunity for disease localization as well as evaluation of both
intestinal and extraintestinal complications. Contrast radiography, such
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as air contrast barium enema, small bowel follow-through, and ente-
roclysis, can be useful in the initial evaluation of either the colon or
the small bowel. Transabdominal ultrasound, abdominal/pelvic com-
puterized tomography (CT), or abdominal/pelvic magnetic resonance
imaging (MRI) can define intra-abdominal complications of CD such
as abscess and fistula formation, as well as perianal disease. The emer-
gence of CT enterography and MRI enterography has largely replaced
plain film imaging, where available, and in the case of MRI, without
exposure to ionizing radiation. Video capsule endoscopy (VCE) has
been demonstrated to be superior in its ability to detect small bowel
pathology missed on standard imaging; however the risks of capsule
retention in patients with CD is not insignificant and remain to be
defined [16].

Endoscopy
When IBD is suspected as the cause for diarrhea, an endoscopic exam-
ination of the colon is generally considered an integral part of the
initial evaluation in order to both confirm the disease and to institute
appropriate medical therapy. Endoscopy provides the clinician with the
opportunity to potentially differentiate UC from CD based upon gross
appearance, as well as to determine the location and extent of disease.
When possible, colonoscopy should be pursued over flexible sigmoi-
doscopy as the initial endoscopic examination, as it allows evaluation
of the entire colon in addition to the terminal ileum.

Certain endoscopic findings may suggest a diagnosis of UC over that
of CD. Despite its somewhat misleading name, most patients with UC
develop granular or friable mucosa without deep ulcerations [17]. In
addition, a sharp demarcation between inflamed and uninvolved colonic
mucosa is often evident in UC. Alternatively, deep, stellate, linear,
or serpiginous ulcers are more commonly found in colonic CD [18].
Furthermore, strictures and internal fistulas are suggestive of CD or
underlying malignancy in patients with UC. The presence of skip areas
of grossly and histologically uninvolved mucosa is more commonly
found in CD; however, it should be noted that these same findings may
be noted in UC patients that have received medical therapy.

Crohn’s colitis can be grossly indistinguishable from UC, with con-
tinuous inflammation from the rectum to the cecum, without deep
areas of ulceration. It is for this reason that intubation of the ter-
minal ileum, along with random biopsies from this area in addition
to all five major regions of the colon (ascending colon, transverse
colon, descending colon, sigmoid, and rectum), are crucial. The biop-
sies should be obtained from both involved and uninvolved areas and
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placed in separate specimen cups. Although specimens obtained during
endoscopy may share similar histopathologic features, there are cer-
tain hallmarks that can be very helpful in differentiating UC from
CD. Noncaseating granulomas, the key finding in CD, are noted in
approximately 30% of biopsy specimens [18].

In addition to assisting in differentiation of UC and CD, colonoscopy
will provide the opportunity to evaluate for other sources of inflam-
mation, such as CMV superinfection, ischemic colitis, and CDI. The
presence of inclusion bodies and cytopathic effects on colonic biop-
sies strongly suggests CMV superinfection. The classic appearance
of ischemic bowel, particularly with an area of clear demarcation at
a watershed area of vascular distribution, suggests ischemic colitis.
Although the presence of pseudomembranes is not pathognomic for
CDI, and its absence does not rule it out, when coupled with stool
testing, the endoscopic mucosal appearance may assist the clinician in
early diagnosis.

Evaluation of the upper gastrointestinal tract with esophagogastro-
duodenoscopy (EGD) can also be useful, particularly in patients with
concomitant symptoms suggestive of upper gastrointestinal pathology
such as dyspepsia, nausea, early satiety, and epigastric pain. Although
inflammation of the gastric and duodenal mucosa generally suggests
CD, both “focally enhanced gastritis” and duodenitis have been noted
in UC patients as well [19]. The presence of duodenal strictures or fis-
tulas would strongly favor CD. During EGD, aspiration of the luminal
contents of the small bowel can be conducted to evaluate for bacterial
overgrowth, further adding to the diagnostic utility of this examination
in patients with IBD.

TREATMENT

The choice of medical therapy is based upon the extent and severity of
the disease, with surgical options generally reserved for patients with
disease refractory to standard medical therapy, fulminant disease or its
complications, mucosal dysplasia, or malignancy [20]. Various indices
of disease activity have been suggested, but nearly universal to all is
the frequency of bowel movements and evidence of systemic toxic
effects. In the absence of a “gold standard” for the measurement of
disease activity, disease severity is established based on clinical param-
eters, systemic manifestations, and the global impact of the disease on
the individual’s quality of life [1]. The available pharmacologic treat-
ment options vary between UC and CD, with a large amount of overlap
between the two (see Table 3.2).
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A complete discussion of the treatment of IBD is beyond the scope
of this text; however a general review of the various modalities will
be discussed in this chapter. Since these disorders are neither medially
nor surgically “curable,” the goals of therapy are directed toward the
induction and maintenance of disease remission.

Aminosalicylates
Sulfasalazine and sulfa-free 5-ASA compounds are first-line therapy for
mild to moderately active UC. The therapeutic effect of 5-ASA com-
pounds depends on their local concentration at the inflamed mucosal
surface. This may also explain their limited role in the treatment of
CD, where the inflammation is transmural in nature. Various prepa-
rations with different delivery modes have been developed to prevent
early absorption in the small intestine, increase local concentrations of
these medications, and improve their efficacy. Overall, the 5-ASA com-
pounds are very effective in the induction and maintenance of remission
of mild to moderately active UC and should be considered first-line
therapy alone or in combination with other agents, depending on the
severity of the disease. Although oral mesalamine is being used in the
treatment of ileal, ileocolonic, and colonic CD, new evidence suggests
that this approach is minimally effective as compared with placebo and
less effective than budesonide or conventional corticosteroids [1].

Antibiotics
Although antibiotics are widely used in clinical practice for the
treatment of luminal CD, controlled trials have not consistently demon-
strated efficacy in this setting [1]. Nonsuppurative perianal complica-
tions of CD typically respond to metronidazole alone or in combination
with ciprofloxacin. Other antibiotics, such as amoxicillin/clavulanate,
trimethoprim/sulfamethoxazole, levofloxacin, minocycline, and tetra-
cycline, have also been used. Unfortunately, it appears that continuous
therapy is necessary to prevent recurrence of draining fistulas. One
should also know that the safety of long-term antibiotic therapy has not
been established and as previously noted, antibiotic use can be associ-
ated with the development of an osmotic diarrhea, as well as increased
risk for CDI.

Glucocorticoids
Glucocorticoids, or corticosteroids, are used extensively in the treat-
ment of both UC and CD to achieve disease remission. Standard oral
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corticosteroid preparations, along with synthetic analogs such as budes-
onide, have a high affinity for the intracellular glucocorticoid receptors,
leading to the inhibition of transcription of proinflammatory proteins.
Intravenous corticosteroids, generally in combination with other treat-
ment modalities, are used in the treatment of more severe or fulminant
disease. Due to the adverse effects of prolonged administration of cor-
ticosteroids on nearly every organ system, the use of these drugs should
be limited to short treatment courses only.

Immunomodulators
This class of medication includes the purine antimetabolite mer-
captopurine and its prodrug azathioprine, as well as methotrexate
(MTX). Although their exact mechanism of action is unknown, purine
antimetabolites inhibit cell proliferation and induce T-lymphocyte
apoptosis. Both of these drugs require several weeks to achieve
therapeutic effect, and thus their usefulness in treating acute disease
activity is limited. Of note is the current FDA recommendation of
checking the enzyme activity level or genotype of thiopurine methyl-
transferase (TPMT), which converts mercaptopurine into inactive
metabolites. Variations in the expression of this enzyme can lead to a
higher risk for medication-induced bone marrow suppression.

Methotrexate is used primarily for the treatment of CD. Administered
once weekly, either subcutaneously or intramuscularly, MTX can be
effective in the induction of remission and allows steroid tapering in
steroid refractory or steroid-dependent patients with CD [1]. Significant
liver toxicity can occur especially in patients with concomitant liver
diseases and thus monitoring of liver enzymes on a regular basis is
required. Methotrexate is also a known abortifacient and absolutely
contraindicated in women who are pregnant or considering pregnancy.

Cyclosporine, a calcineurin inhibitor, is another medication in this
class. Unlike the purine antimetabolites, this agent achieves therapeutic
levels after a few days of intravenous administration and thus can be
used during acute exacerbations of ulcerative colitis or in treating pyo-
derma gangrenosum. Because of the need for continued measurement
of cyclosporine levels and renal function, as well as adverse effects
such as hypertension, renal insufficiency, seizures, and opportunistic
infections, cyclosporine is used less frequently in favor of the biologic
agents.

Biologic Agents
Monoclonal antibodies directed against TNF-α (TNF-α inhibitors)
have been very effective in the treatment of various manifestations



76 Bernick and Kane

of IBD, including fistulizing CD. In clinical practice, these medica-
tions are generally reserved for those patients who have not responded
to aminosalicylates, antibiotics, corticosteroids, and immunomodula-
tors. However, some advocate their use early in the course of dis-
ease, with the so-called “top-down” approach to treatment. Currently
there are three medications in this class: infliximab, which is deliv-
ered via intravenous infusion, adalimumab, and certolizumab pegol,
which are delivered subcutaneously. At this time, infliximab is the
only one of the three which has been approved by the FDA for
treating UC.

Natalizumab, an antibody to α-4 integrin, is effective in the treat-
ment of patients with moderate-to-severe CD who have not responded
to standard measures, including the TNF-α inhibitors. It is delivered
via intravenous infusions; however its use is currently limited due
to an association with an increased risk of reactivation of human JC
polyomavirus, which can lead to the development of progressive mul-
tifocal leukoencephalopathy (PML), a non-reversible infection of the
central nervous system with a very high mortality rate. Prior exposure
to tuberculosis should be assessed with a chest radiograph and puri-
fied protein derivative prior to the initiation of therapy with a TNF-α
inhibitor, secondary to the risk for reactivation of latent tuberculosis.
In addition, these patients are at increased risk for infectious compli-
cations, particularly intracellular pathogens, and should be counseled
and followed appropriately. Finally, patients are at risk for medication
reactions either systemically, at the time of infusion, or locally, at the
site of injection. The development of antibodies with allergic reactions
or loss of clinical response has also been described for each of these
agents.

Surgical Management
Surgical management is generally reserved for cases refractory to med-
ical treatment and for complications including fulminant disease. In the
elective setting, the “gold standard” operation for UC is the total procto-
colectomy with ileal pouch–anal anastomosis (IPAA). In older patients
or those with other anal dysfunction, total proctocolectomy with end
ileostomy is appropriate. These approaches can be considered “cura-
tive” in UC, although pouchitis can remain an issue. Surgical interven-
tions in patients with CD include stricturoplasty, drainage of abscesses,
ileocolectomy, and the surgical management of anorectal diseases.
While not entirely curative, surgical intervention remains an impor-
tant therapeutic measure in CD, and new laparoscopic techniques have
helped to reduce a wide variety of post-operative complications [20].
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The Role of Probiotics
The past two decades have seen a dramatic rise in the mainstream use
of complementary and alternative medical approaches in the treatment
of medical ailments. In parallel with this trend, there is mounting evi-
dence that probiotic therapy may be useful in selected patients with
IBD. Although trials examining the use of probiotics in CD have shown
mixed results, the data for their use in UC, and more specifically in the
prevention of pouchitis, have been more encouraging. Administration
of probiotics such as Lactobacillus, Bifidobacteria, and Saccharomyces
boulardii is reasonable in these patients; however caution must be taken
when contemplating the use of these agents in patients who are severely
ill, as bacterial translocation across the deranged colonic membrane and
subsequent sepsis has been reported [21].

General Dietary Considerations
There are no specific dietary modifications currently recommended for
patients with IBD. Given the wide spectrum of disease manifestation,
dietary changes should be individually tailored. In general, minimizing
fat (particularly in patients with steatorrhea) and fiber intake and eating
smaller, more frequent meals may reduce intestinal gas and bloating.
Other dietary factors that may contribute to the diarrhea include the con-
sumption of fructose, non-absorbable carbohydrates such as artificial
sweeteners, and stimulants such as caffeine. In addition, patients should
be counseled to avoid nonsteroidal anti-inflammatory medications, as
they may exacerbate colitis [2].

In addition, supplemental calcium, vitamin D, and folate are often
provided, particularly in patients who have received corticosteroids and
sulfasalazine, or in those with small bowel CD. Deficiencies in minerals
such as iron and vitamins, such as cobalamin, should be replaced as
appropriate.

Specific Antidiarrheal Treatments
In addition to the treatment measures undertaken for the underlying
inflammatory process, other medications are available to treat the symp-
tom of diarrhea, which can improve the quality of life for these patients.
Loperamide, diphenoxylate, codeine sulfate, and tinctures of opium all
act to retard bowel motility and thereby increase the absorption of flu-
ids and nutrients [2]. Cholestyramine and colestipol act by binding bile
salts in the ileal lumen, thus reducing diarrhea in patients with ileal
involvement or resection. Anti-spasmotic medications such as dicy-
clomine and hyoscyamine can reduce abdominal pain, bloating, and
fecal urgency. Alosetron decreases colonic motility and secretion, and is
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available under tight regulatory control to a selected subset of patients,
having previously been withdrawn from the market because of reports
of ischemic colitis and complications of severe constipation. This
medication can be considered in female patients with concurrent IBS.

If bacterial overgrowth is suspected, a 7–10-day course of antibiotics
such as trimethoprim/sulfamethoxazole, ciprofloxacin, metronidazole,
tetracyclines, or rifaximin can be considered. Some patients may
require longer therapy, combination therapy, or therapy on a rotating
schedule.

It should be noted that antidiarrheal agents should be avoided
in patients with evidence of obstruction, pseudo-obstruction, fever,
or abdominal tenderness [22]. They should also be avoided as a
primary therapy in patients with suspected invasive bacterial entero-
colitis or CDI, and in severely ill patients secondary to the risk of toxic
megacolon.

PROGNOSIS

The natural history of IBD depends in large part upon the extent of
disease. The course of the disease typically consists of intermittent
exacerbations, alternating with periods of near or complete disease
remission. Crohn’s disease carries an additional risk of complications
related to transmural inflammation, such as stricturing disease, fis-
tulization, abscess formation, and anorectal disease, as well as the
sequelae that result from the treatment of these complications. Problems
related to malabsorption, extraintestinal manifestations, iatrogenesis,
and malignancy may also be seen in both disorders. While studies
examining the overall effect on mortality are limited, it does not seem
to be a significantly demonstrable risk.
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Summary

In summary, our knowledge of EGIDs is rapidly evolving; however,
there is still much to be learned about the pathogenesis and treatment
of these disorders. At the present time, it appears that eosinophilic
enteritis is a chronic disorder characterized by the presence of diar-
rhea, abdominal pain, weight loss, and bloating. The clinical course
appears to be characterized as being relapsing and remitting in nature.
Successful treatment with prednisone or an elemental diet has been
documented and other therapeutic interventions have been attempted
with variable results. The underlying etiology for eosinophilic enteri-
tis is unknown. The available evidence suggests a Th2-mediated
process potentially driven by food antigens. The authors hope that
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they have provided a fundamental knowledge base from which the
reader may be able to diagnose and treat EGIDs and hope that the
readers join in the effort to further understand this fascinating group
of disorders.

Key Words: Enteritis, Eosinophil-associated gastrointestinal disorders
(EGIDs), Eosinophils, Esophagitis, Food allergy

INTRODUCTION

Eosinophilic enteritis can be classified as one form of the primary
eosinophil-associated gastrointestinal disorders (EGIDs) and is among
the common causes of chronic diarrhea. EGIDs are a heterogeneous
group of disorders characterized by an inappropriate accumulation of
eosinophils within the gastrointestinal (GI) tract [1–4]. Eosinophils
can accumulate in any region of the GI tract from the esophagus to
the colon and in different layers of the GI tract as well (mucosal,
muscular, or subserosal). There appears to be an increasing incidence
and recognition of eosinophilic esophagitis (EoE), the most common
EGID [5]. Accordingly, there has been great research interest sur-
rounding the treatment and pathogenesis of EoE. The number of case
reports describing eosinophilic gastritis (EG), eosinophilic enteritis,
and eosinophilic colitis (EC) has increased over the past decade also,
suggesting that the incidence and/or the recognition of these disorders
is increasing as well. However, investigations into the treatment and
pathological mechanisms of EG, eosinophilic enteritis, and EC have
not been as robust as EoE. This chapter highlights what is known about
the clinical presentation, underlying mechanism, and treatment options
for eosinophilic enteritis. Additionally, areas of uncertainty and areas
for future research inquiry are addressed.

EPIDEMIOLOGY AND NATURAL HISTORY

It was originally thought that symptoms of EG and eosinophilic enteri-
tis typically begin to manifest during the third or the fourth decade of
life. It is now recognized that eosinophilic enteritis and eosinophilic
gastroenteritis occur during childhood as well [6].

While there is little available data on the natural history of
eosinophilic enteritis or other forms of EGIDs, these diseases appear
to be chronic in nature [2]. Typically, patients with EGIDs are believed
to have a waxing and waning clinical course. Clinical observations sug-
gest that patients with eosinophilic enteritis may experience prolonged
periods of disease quiescence marked by intermittent exacerbations.
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A small subset of patients may develop a more severe phenotype and
experience a clinical course marked by persistent symptoms and short
periods of disease remission. Further studies on the natural history of
eosinophilic enteritis and other forms of EGIDs are clearly needed to
confirm these observations.

CLINICAL PRESENTATION AND COMPLICATIONS

Eosinophilic enteritis may present with abdominal pain, vomiting,
diarrhea, weight loss, or bloating. These symptoms may result from
inflammation of the mucosal layer, muscular layer, or subserosal layer
of the small intestine. Classically, the symptoms of eosinophilic enteri-
tis were thought to correspond with the area of inflammation, although
this correlation is not absolute. The original literature suggests that the
predominant symptom among those with mucosal layer disease is diar-
rhea, while patients with disease of the muscular layer present with
intestinal obstruction and those with subserosal disease present with
abdominal distension and eosinophilic ascites. Clinical observations
have suggested that patients with eosinophilic enteritis and other EGIDs
may present with diverse clinical manifestations. In a case series of 40
patients with eosinophilic gastroenteritis published by Talley and col-
leagues, abdominal pain was the most common presenting symptom
regardless of whether the eosinophilic inflammation was present in the
mucosal, muscular, or subserosal layer [7]. Nausea, vomiting, and diar-
rhea were also present in >50% of patients with mucosal and muscular
involvement. For patients with subserosal disease, diarrhea and bloat-
ing were also commonly present (60%). Common signs and symptoms
of EGIDs are summarized in Tables 4.1 and 4.2.

Table 4.1
Clinical features of

eosinophilic enteritis

Abdominal pain
Nausea
Vomiting
Diarrhea
Bloating
Eosinophilic ascites

Data recounting the common presenting symptoms of children
with eosinophilic enteritis or eosinophilic gastroenteritis are limited.
Anecdotally, children with eosinophilic gastroenteritis and eosinophilic
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Table 4.2
Clinical features of

eosinophilic enteritis
in children

Failure to thrive
Abdominal pain
Nausea
Vomiting
Diarrhea
Bloating

enteritis present with a broad spectrum of gastrointestinal symptoms,
which include abdominal pain, diarrhea, and failure to thrive.

While severe complications of EGIDs are believed to be uncommon,
they can occur. There are several case reports detailing patients with
eosinophilic enteritis presenting with symptoms mimicking an acute
abdomen or appendicitis. Available case reports suggest that patients
with eosinophilic enteritis may develop serious complications such
as intestinal obstruction or perforation [8–13]. Rare complications of
eosinophilic enteritis reported in the medical literature are summarized
in Table 4.3.

Table 4.3
Rare complications of
eosinophilic enteritis

Stricture
Obstruction
Perforation
Intussusception
Pseudo-obstruction

DIFFERENTIAL DIAGNOSIS AND DIAGNOSTIC
CRITERIA

Primary eosinophilic enteritis is likely the result of an underly-
ing allergic etiology, mostly a food allergen-driven Th2 response.
Secondary causes of eosinophilic enteritis include parasitic infection,
inflammatory bowel disease, celiac disease, drug hypersensitivity,
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and malignancy [1–3]. Recent reports have identified that adults
and children with systemic lupus erythematosus (SLE) may also
present with eosinophilic inflammation of the small bowel [13–
15]. Hypereosinophilic syndrome (HES) should also be considered,
as patients with HES may present similarly to EGIDs with GI
symptoms, eosinophilic inflammation in the GI tract, and periph-
eral eosinophilia. Patients with HES have sustained, markedly ele-
vated peripheral eosinophils counts (>1500 absolute eosinophils/mm3).
Additionally, these eosinophils are activated and can lead to sec-
ondary end organ damage. Patients with HES may experience end
organ damage in any organ system and HES may lead to impor-
tant complications such as eosinophilic myocarditis or thrombosis.
Accordingly, HES is an important diagnostic consideration when
treating patients with any form of EGID. Finally, the vasculitic
phase of Churg–Strauss syndrome may present with GI symptoms
and eosinophilic inflammation of the GI tract. If a patient with a
suspected EGID presents with additional symptoms such as recalcitrant
pulmonary or sinus disease, peripheral neuropathy, purpura, or con-
stitutional symptoms (fever, malaise, fatigue, etc.), then a diagno-
sis of Churg–Strauss syndrome should be entertained. The com-
plete differential diagnosis for eosinophilic enteritis is included in
Table 4.4.

Table 4.4
Differential diagnosis for

eosinophilic enteritis

Crohn’s disease
Ulcerative colitis
Celiac disease
Parasitic infection
Hypereosinophilic syndrome
Churg–Strauss syndrome
Connective tissue disease (SLE)
Drug hypersensitivity
Malignancy

Reprinted with permission from
[16], Allen Press Publishing
Services.

Because the symptoms are non-specific and the differential diagnosis
is broad, the diagnosis of eosinophilic enteritis proposes several chal-
lenges to the clinician in the absence of a reliable biomarker for its
diagnosis.
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Currently, there are no firm diagnostic criteria for eosinophilic
enteritis. Initially, a peak count of >20 eos/hpf was utilized to define
eosinophilic enteritis [7]. This was based on clinical observations made
in the absence of well-defined normal values. Efforts to determine the
normal number of eosinophils in the small bowel have since been under-
taken [16, 17]. The results of two studies suggest that eosinophil counts
may be as high as 26 eos/hpf in the duodenum and 28 eos/hpf in
the ileum. These studies have also identified that typically eosinophil
counts in the gastrointestinal tract are lowest in the esophagus and grad-
ually increase in number until a peak count of 50 eos/hpf is reached
in the terminal ileum and the ascending colon. Peak eosinophil counts
gradually descend in the transverse and sigmoid colon. A summary of
the mean and peak eosinophil levels observed in healthy children is
shown in Table 4.5 [16]. The peak number of eosinophils noted in the
normal GI tract does vary with geographic location. This makes evalu-
ation of GI biopsies by a pathologist familiar with normal local values
critically important. In addition to elevated numbers of eosinophils,
there may be evidence of cryptitis along with distorted villous archi-
tecture in biopsies consistent with eosinophilic enteritis. However, the
mere presence of eosinophils in the GI tract without clinical presen-
tation, especially in the lower part of GI tract, may not indicate a
pathological process.

While approximately 50% of patients with EGIDs typically have
peripheral eosinophilia, this is not a specific marker for an EGID.
Likewise, elevated IgE levels, elevation of acute inflammatory mark-
ers, and the presence of other allergic disorders may coincide with
eosinophilic enteritis; thus they are not sufficient for diagnosis par-
ticularly since eosinophilic enteritis may be present in their absence.
Abdominal X-rays and computed topography may also demonstrate
abnormalities, though they cannot provide a definitive diagnosis [18].
Primary eosinophilic enteritis is primarily a diagnosis of exclusion and
is dependent upon endoscopy with biopsy, in the presence of clinical
presentations as noted above.

EVALUATION

Due to the protean manifestations of EGIDs, there is no single con-
sensus pathway for the evaluation of patients suspected of having an
EGID. Once the diagnosis of an EGID is suspected, an endoscopy with
biopsy is required to confirm the diagnosis. If the diagnosis is con-
firmed, allergy testing (skin prick testing and/or food patch testing) can
be considered as part of the diagnostic evaluation. Unfortunately, there
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is no available data on the skin prick test or patch test results to common
food allergens for patients with eosinophilic enteritis.

The most challenging aspect to the diagnosis of eosinophilic enteritis
involves ruling out other causes of eosinophilic inflammation. Initially,
a detailed history is required to evaluate for symptoms that may suggest
the presence of a rheumatologic disorder or HES. A detailed medical
history should also be taken to assess for the possibility of drug hyper-
sensitivity. To rule out parasitic infection as a cause of eosinophilic
enteritis, stool ova and parasites should be obtained. If clinical suspi-
cion for a parasitic infection is high, titers for Strongyloides stercoralis,
Toxocara, and other parasitic organisms can be considered. These titers
are rarely performed locally and often need to be sent to the Center for
Disease Control (CDC) for analysis.

TREATMENT

Patients with eosinophilic enteritis and other forms of EGID typically
respond to treatment with prednisone [2, 6]. Reportedly, patients with
the subserosal form of the disease and eosinophilic ascites respond quite
well to prednisone. There are a variety of strategies that can be utilized
for prednisone dosing. Starting doses of 40–60 mg once daily for
1–2 weeks followed by a slow taper over an additional 1–2 weeks are
typically recommended. Elemental diets have also been used with suc-
cess in patients with eosinophilic enteritis and other EGIDs [6]. Other
dietary interventions such as a six-food elimination diet or antigen elim-
ination diets based on skin prick or patch testing have been used in the
treatment of EoE [19, 20]. There is currently no data on the success of
these interventions among patients with eosinophilic enteritis.

While treatment with steroids or an elemental diet is highly effica-
cious, there are significant side effects associated with steroid treatment.
Compliance with an elemental diet is likely to be low if it is required
for prolonged periods.

While the data on novel therapies for eosinophilic enteritis are not
robust, several other treatment options have been explored. A placebo-
controlled trial investigating the effects of 10 mg of montelukast among
40 patients with duodenal eosinophilia was performed [21]. In this
study, 50% of patients with duodenal eosinophilia had a reduction in
clinical symptoms on montelukast. Therapy with cromolyn has also
been attempted. Although the available data is limited to case reports, it
suggests that oral cromolyn may provide symptomatic relief to patients
with eosinophilic enteritis [22, 23]. Given that the underlying etiology
of EGIDs may be allergic in nature, a clinical trial investigating the effi-
cacy of anti-IgE therapy (omalizumab) among patients with EGIDs was
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performed [24]. Compared to placebo, patients taking omalizumab had
a reduction in GI symptoms as well as in the expression of FcεRI on
tissue basophils and dendritic cells. Unfortunately, the reduction in the
number of eosinophils within the GI tract did not reach statistical sig-
nificance. While many patients with EGIDs have an allergic trigger, the
mechanism may not be that of a classical IgE-driven process [25]. There
is some evidence to suggest that the mechanism driving eosinophilic
inflammation may be a mixed process, composed of immediate and
delayed allergic responses [26–28].

Perhaps the most promising new intervention for eosinophilic enteri-
tis on the horizon is therapy with anti-IL-5. IL-5 is a cytokine respon-
sible for eosinophil growth and differentiation [3]. Additionally, IL-5
protects eosinophils from apoptosis. As such, interventions designed to
inhibit IL-5 would likely benefit patients with EGIDs. There are cur-
rently two forms of humanized anti-IL-5 being studied, mepolizumab
and reslizumab. Mepolizumab has been used to successfully treat
HES and has been shown to reduce the number of eosinophils in the
esophagus of patients with EoE. Initial studies utilizing reslizumab for
the treatment of EoE are currently ongoing.

PATHOGENESIS AND FUTURE DIRECTIONS

In addition to IL-5, other Th2-driven cytokines are likely important
in the pathogenesis of EGIDs. IL-13, IL-4, and eotaxin-3 have been
implicated specifically in EoE and therefore may serve as poten-
tial therapeutic targets for EoE and other forms of EGID [29]. The
development of other therapeutic strategies designed to inhibit these
cytokines would likely prove beneficial in treating EoE and other
EGIDs. Unfortunately, investigations in the specific molecular path-
ways responsible for eosinophilic enteritis or eosinophilic gastroen-
teritis have not been performed. These studies will be critical to the
development of future therapeutic treatments for these disorders. They
will also help shed light on critical similarities and differences that may
exist between the different forms of EGID. Finally, molecular analy-
sis could lead to the discovery of biomarkers specific for eosinophilic
enteritis. Patients with eosinophilic enteritis and other forms of EGID
often undergo frequent endoscopies to assess disease severity. Non-
invasive measures that could be utilized to diagnose EGID or monitor
disease activity could substantially limit the number of endoscopies
required for patients with EGID. In turn, this would lead to increased
quality of life and decreased health-care costs for patients with EGID.
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SUMMARY OF KEY POINTS

Symptoms of eosinophilic enteritis include abdominal pain, nausea, vom-
iting, bloating, and diarrhea.

Diagnosis is dependent upon the combination of GI symptoms and
eosinophilic inflammation on biopsy.

Eosinophilic enteritis is likely due to an allergic response.
Treatment may include dietary modification, corticosteroids, or other anti-

inflammatory medications.
Patients appear to experience a waxing and waning clinical course.
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Summary

Microscopic colitis is a relatively common cause of chronic diarrhea.
The colonic mucosa usually appears normal at endoscopy, and the
diagnosis is made in the appropriate clinical setting when there is
an increase in intraepithelial lymphocytes and a mixed inflamma-
tory cell infiltrate in the lamina propria. The two main subtypes,
collagenous and lymphocytic colitis, are similar clinically and histo-
logically and are distinguished histologically by the presence or the
absence of thickening of the subepithelial collagen band. The possi-
bilities of drug-induced microscopic colitis and/or concomitant celiac
sprue are important considerations when evaluating these patients.
There are few controlled treatment trials to guide treatment in micro-
scopic colitis, although a systematic approach to therapy often leads
to satisfactory control of symptoms.

From: Diarrhea, Clinical Gastroenterology
Edited by: S. Guandalini, H. Vaziri, DOI 10.1007/978-1-60761-183-7_5

C© Springer Science+Business Media, LLC 2011

93



94 Pardi

Key Words: Microscopic colitis, Collagenous colitis, Lymphocytic colitis,
Celiac sprue, Budesonide

INTRODUCTION

Microscopic colitis is a relatively common cause of chronic diarrhea.
The colonic mucosa usually appears normal at endoscopy, and the
diagnosis is made in the appropriate clinical setting when there is an
increase in intraepithelial lymphocytes and a mixed inflammatory cell
infiltrate in the lamina propria. The two main subtypes, collagenous
and lymphocytic colitis, are similar clinically and histologically and
are distinguished histologically by the presence or absence of thicken-
ing of the subepithelial collagen band. The possibility of drug-induced
microscopic colitis and/or concomitant celiac sprue is an important
consideration when evaluating these patients. There are few controlled
treatment trials in microscopic colitis, although a systematic approach
to therapy often leads to satisfactory control of symptoms.

BACKGROUND

The term “microscopic colitis” was first used to describe patients
with chronic diarrhea who had normal findings on sigmoidoscopy
and barium enema, but who had inflammation on colon biopsies [1].
Collagenous colitis is a related condition with similar clinical and
histologic features, but with the additional finding of a thickened subep-
ithelial collagen band [2]. It is unclear whether these two conditions are
different diseases or rather are part of a spectrum. There are reports of
patients in whom the diagnosis changed from one subtype to the other
over time or in whom there was a “mixed” histologic picture on differ-
ent biopsies from the same colonoscopy. Since the colon in collagenous
colitis is grossly normal, it is also considered a form of “microscopic”
colitis. Thus, the term microscopic colitis is used as an umbrella term
with two subtypes: collagenous colitis, with a thickened subepithelial
collagen band, and lymphocytic colitis, without collagen thickening [3].

EPIDEMIOLOGY

Microscopic colitis accounts for 4–13% of patients investigated for
chronic diarrhea [4–7]. In Europe and North America, the reported
incidence of collagenous colitis is 0.6–5.2/100,000 and for lympho-
cytic colitis, 3.7–5.5/100,000 [6–10]. In some of these studies, there
was a significant increase in the incidence of microscopic colitis over
time (for example, from 0.8/100,000 in 1985–1989 to 19.1/100,000 in
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1998–2001 in one study from North America [7]). The reasons for this
increase are not clear, but detection bias (with an increase over time
in the performance of colon biopsies to evaluate patients with chronic
watery diarrhea) [7] and increasing exposure to drugs that might cause
microscopic colitis (see below) likely are involved.

A female predominance has been reported, particularly for collage-
nous colitis, with female to male ratios as high as 20:1 [6–13]. The
gender difference for lymphocytic colitis is less striking than for col-
lagenous colitis in some studies [7] but not others [10, 14]. In some
recent studies, lymphocytic colitis was diagnosed more commonly than
collagenous colitis [7, 14]. Microscopic colitis incidence increases sig-
nificantly with age, with the diagnosis most commonly made in the
sixth to seventh decade [6–14]. However, a wide age range has been
reported, including pediatric cases [15, 16]. There are rare reports of
familial occurrence [17, 18], including in older twin sisters (E. van Os,
personal communication).

No association between microscopic colitis and colon cancer has
been discovered [14, 19, 20], but long-term studies are needed to further
explore this possibility. Several cases of lung cancer have been reported
in patients with collagenous colitis [11, 19], perhaps related to cigarette
smoking, which is more common in collagenous than lymphocytic
colitis or controls [21, 22].

CLINICAL FEATURES

Microscopic colitis is characterized by chronic or intermittent watery
diarrhea, ranging from mild and self-limited to severe, with dehydration
and other metabolic abnormalities. Many patients will have abdominal
pain or weight loss. The weight loss is typically mild but can be sig-
nificant in some cases [11, 23]. Quality of life is affected in proportion
to the degree of diarrhea, abdominal pain, urgency, and incontinence
[24–26]. It is important to recognize that the symptoms of micro-
scopic colitis are nonspecific. In fact, many patients with biopsy-proven
microscopic colitis meet the symptom-based criteria for irritable bowel
syndrome [27, 28]. Therefore, these criteria are not specific enough to
distinguish microscopic colitis from IBS, which can only be done reli-
ably with colonic mucosal biopsies. Fecal leukocytes may be present
[23], but steatorrhea, fever, or hematochezia should suggest an alternate
diagnosis.

Arthralgias and various autoimmune conditions (e.g., thyroid dys-
function, rheumatoid arthritis, psoriasis) are often seen in patients
with microscopic colitis [11, 13, 14, 23]. In addition, an elevated
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erythrocyte sedimentation rate and a positive antinuclear antibody or
other autoimmune markers [23, 29, 30] have been reported.

Of particular interest and clinical importance is the association
between microscopic colitis and celiac sprue. In patients with celiac
sprue, up to one-third have histologic changes in the colonic mucosa
consistent with microscopic colitis [31, 32]. In a large cohort study
of patients with celiac sprue, a clinical diagnosis of microscopic col-
itis was made in 4.3% of patients, which was 72 times higher than
in patients without sprue [33]. Thus, microscopic colitis is relatively
common in patients with celiac disease, and this diagnosis should be
considered in patients who have continued or recurrent diarrhea despite
a strict gluten free diet [34].

The prevalence of small bowel sprue-like changes in patients with
microscopic colitis ranges from 2 to 9% in the largest series that have
studied this association [11, 13, 14, 23]. However, sprue serologies are
not commonly positive in patients with microscopic colitis, with anti-
endomysial and anti-tissue transglutaminase antibodies found in only
0–4% and 0%, respectively [30, 35, 36], similar to rates in controls
[35, 36]. Furthermore, titers of these antibodies in microscopic colitis
are lower than in celiac patients [35]. Therefore, serologies may not
be good diagnostic tests for celiac sprue in patients with microscopic
colitis. Finally, HLA typing in microscopic colitis was similar to celiac
sprue in one study [35] but not in others.

All of these data support the conclusion that celiac sprue is relatively
uncommon in patients with microscopic colitis. It may not be neces-
sary to routinely evaluate patients with microscopic colitis for celiac
sprue, but this association should be considered in treatment refrac-
tory patients, those with significant weight loss or any suggestion of
steatorrhea, or other clues such as unexplained iron deficiency anemia.

Endoscopic evaluation of the colon is typically normal or has mild
nonspecific changes such as erythema or edema. Colonic ulceration is
uncommon, and when seen is likely related to use of nonsteroidal anti-
inflammatory drugs [37].

The reported natural history of microscopic colitis is variable.
Symptomatic remission after many years of follow-up ranges from 60
to 93% in lymphocytic colitis [24, 38] and from 2 to 92% in collage-
nous colitis [11, 38–40]. One study reported remission rates of 59%
in lymphocytic colitis and 34% in collagenous colitis after 6 months
of follow-up, with an additional 25 and 40%, respectively, showing
“significant improvement” [41]. Finally, another study reported spon-
taneous remission in 15% and treatment-induced remission in 48% of
patients with collagenous colitis after 3.5 years of follow-up [42]. Of the
remaining 37% with ongoing disease, only 60% (22% of entire cohort)
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required prolonged therapy. In contrast, in the clinical trials reported
to date, placebo response rates after 6–8 weeks were only 12–40%
[43–46], and an open-label report of patients treated with steroids
indicated that 90% required some form of maintenance therapy [47].

HISTOPATHOLOGY

The hallmark histologic feature of microscopic colitis is intraepithe-
lial lymphocytosis [41, 48]. In addition, there is a mixed infiltrate
in the lamina propria, with chronic inflammatory cells most promi-
nent [48, 49]. In collagenous colitis, the subepithelial collagen band
is abnormally thickened, compared with 5–7 μm in normals [49].

Although neutrophils should not dominate the histologic picture,
they are seen in microscopic colitis, and in fact, active cryptitis has been
reported in 30–40% of patients with microscopic colitis [50]. These
inflammatory changes are often accompanied by surface epithelial dam-
age [48, 49], including detachment of the epithelium in some cases,
despite the normal appearance of the mucosa grossly.

PATHOPHYSIOLOGY

Data on the pathophysiological mechanisms in microscopic colitis
generally come from small studies and no consistent mechanism has
been established [51]. Proposed mechanisms have included bile acid
malabsorption, altered fluid and electrolyte absorption or secretion,
infection, reaction to an unidentified luminal antigen, autoimmunity,
and alteration in collagen synthesis or degradation (in collagenous
colitis). Thus, it is possible that the term “microscopic colitis” encom-
passes different pathophysiologic mechanisms with a similar histologic
phenotype.

One postulated mechanism with clinical relevance is the entity of
drug-induced microscopic colitis [52, 53]. The strongest association
between microscopic colitis and the use of a medication exists for non-
steroidal anti-inflammatory drugs [42, 54, 55], although not all studies
have found this association to be significant [41, 56]. Patients with
microscopic colitis often have arthralgias, and thus the association with
NSAID use may be confounded. On the other hand, NSAIDs are known
to cause colonic inflammation and may exacerbate inflammatory bowel
disease [57]. Furthermore, some patients may have clinical and histo-
logic improvement with discontinuation of NSAIDs [32, 54, 55, 58],
and recurrence of collagenous colitis with NSAID rechallenge has been
reported [59]. Finally, patients taking NSAIDs may be more likely to
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require steroid therapy [39]. Therefore, regular NSAID use should be
discouraged in patients with microscopic colitis.

Several other drugs have been implicated as possible causes of micro-
scopic colitis, including histamine-2 receptor blockers, proton pump
inhibitors, selective serotonin reuptake inhibitors, carbamazepine, sim-
vastatin, ticlopidine, and others [51–53]. In some cases, symptoms and
histologic changes resolved with drug withdrawal and returned with
reexposure. However, for most drugs, rechallenge is not reported, and
the number of cases is small, such that a chance association cannot be
excluded.

The literature on drug-induced microscopic colitis was recently ana-
lyzed to determine the strength of evidence for individual drugs or
drug classes [52]. This analysis concluded that several drugs had strong
or intermediate level evidence of causality, including such commonly
used drugs such as aspirin, nonsteroidal anti-inflammatory drugs, pro-
ton pump inhibitors, selective serotonin reuptake inhibitors, ticlopidine,
and statins. Another study showed that some drugs implicated in caus-
ing microscopic colitis are also associated with watery diarrhea, and
therefore they may not actually cause colitis, but rather worsen the
diarrhea and thus bring the diagnosis to attention [53].

TREATMENT

Any potential cause of drug-induced microscopic colitis and other
agents that might exacerbate diarrhea (e.g., dairy products) should be
discontinued if possible. Nonspecific antidiarrheal therapies, such as
loperamide and diphenoxylate/atropine can be effective [11, 13, 23],
and are often the first therapies prescribed in mild cases. If these agents
are unsuccessful or for more moderate symptoms, bismuth subsalicy-
late at a dose of two or three tablets (262 mg each) three to four times
per day may be beneficial [23, 60, 61]. For those who respond, long-
term remission without chronic treatment has been reported [60, 61].
One study reported that most patients treated with bismuth had com-
plete resolution of diarrhea [62]; however, others have reported that
most patients have only a partial response [23].

If diarrhea does not respond to bismuth or for patients with more
severe symptoms, treatment with corticosteroids, which were among
the best therapies in the largest uncontrolled series [12, 14, 23], is rec-
ommended. Budesonide is the best studied treatment for microscopic
colitis, having been assessed in three randomized, controlled induc-
tion studies in collagenous colitis [43–45] and two in lymphocytic
colitis [46, 63]. In each of these studies, budesonide was superior to
placebo for short-term treatment. In one open-label study, budesonide
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was as good as prednisone [47]. Thus, due to fewer side effects, budes-
onide should be used instead of prednisone. Unfortunately, although
budesonide is effective for induction, the relapse rate is high once this
medication is discontinued [13, 47, 64] and many patients become
steroid dependent. Thus, before embarking on corticosteroid therapy,
the diagnosis should be re-evaluated and alternative diagnoses, such as
coexistent celiac sprue or infection, should be excluded, if not done
already.

For steroid dependent patients, immune modifiers such as azathio-
prine or 6-mercaptopurine can be useful [23, 65–67]. However, many
clinicians are gaining experience with long-term use of low dose
(3–6 mg/day) budesonide in these patients as an alternative to immuno-
suppression [68]. This practice has been assessed in two randomized
controlled trials, both of which showed that budesonide is superior
to placebo for chronic treatment, at least through 6 months [69, 70].
With long-term budesonide therapy, patients need to be followed for
steroid-related side effects [68].

Non-response to steroid therapy is uncommon [47] and when present
alternate or concomitant diagnoses and non-compliance should be
considered. If steroid-resistant microscopic colitis is truly present,
treatment options include aminosalicylates and cholestyramine.
Aminosalicylates were reported to be successful in a majority of
patients in a controlled trial [71], but several large retrospective series
have reported benefit in fewer than half of patients [11, 13, 23].
Cholestyramine may be more effective [11, 13, 23], although many do
not tolerate the medication because of its texture.

If patients are refractory to all medical therapy, surgery can be con-
sidered, although this is rarely necessary. Reported operations include
an ileostomy with or without a colectomy [23, 56, 65, 72] or an ileal
pouch anal anastomosis [73, 74].

CONCLUSION

Microscopic colitis is a relatively common cause of chronic diar-
rhea whose incidence appears to be increasing. Colon biopsies are
required to make the diagnosis and should be performed in any patient
undergoing sigmoidoscopy or colonoscopy to evaluate unexplained
diarrhea. The two subtypes of microscopic colitis, collagenous and
lymphocytic colitis, are similar histologically and clinically and seem
to respond similarly to various medical therapies. Although there are
few controlled treatment trials, the approach outlined here often gives
satisfactory control of diarrhea in these patients.
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Summary

Adverse reactions to ingested foods are extremely common, espe-
cially in children. Different pathogenetic mechanisms underlie them,
only those mediated by immune processes being defined as food
allergies. Allergic reactions to food are due to several distinct
immune reactions and can lead to a number of signs and symptoms,
including diarrhea. Clinical presentations of the most common food
allergies are illustrated, along with an outline of proper laboratory
methods that are available to aid in the correct diagnostic approach.
In spite of new, interesting developments, treatment of these condi-
tions is still largely based on the elimination of the identified food
allergens.

Key Words: Allergy, Food allergy, Cow’s milk protein allergy, Food
intolerance, Eosinophilic esophagitis, Eosinophilic gastroenteropathy

INTRODUCTION

Adverse reactions to ingested foods are extremely common. A stunning
15–20% of adults report some form of food intolerance. However, when
challenged in a blinded fashion, most of the alleged intolerances cannot
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be confirmed. Still, proven food adverse reactions are very prevalent,
both in children (where they are estimated to occur in about 3% of the
general population, especially in the first 1–2 years) and in adults [1].

It should be noticed that not all adverse effects of food are due to
allergic responses. In fact, adverse reactions to ingested foods can be
classified as either nonimmune mediated (i.e., due to a variety of other
conditions such as disorders of intestinal digestion/absorption, pharma-
cological reactions to chemicals in food, etc.) or immune mediated. Of
the latter, only a few represent a true hypersensitivity reaction (i.e.,
have an immunoglobulin E-mediated pathogenesis). Nevertheless, the
term “food allergy” is used to encompass all the specific reactions to
offending food proteins that have an immunological basis, whether IgE
or non-IgE mediated. Table 6.1 is a classification of adverse reactions
to food.

Several food proteins, both from fluid and solid foods, can act as
antigens in humans and cause an immune reaction. Cow’s milk proteins
are most frequently implicated as a cause of food intolerance during
infancy. Soybean proteins rank second as antigens in the first months of
life, particularly in infants with primary cow’s milk intolerance who are
switched to a soy formula. From school age on, egg protein intolerance
becomes more prevalent. In childhood, there is evidence of a growing
prevalence of allergy to peanuts [2, 3].

Clinical reactions to food proteins can be very heterogeneous in
children as well as in adults. In children, gastrointestinal symptoms
typically predominate [3, 4], with a frequency ranging from 50 to 80%,
followed by skin lesions (20–40%) and respiratory symptoms (4–25%).

PATHOPHYSIOLOGY

The main proteins acting as food allergens are water-soluble glycopro-
teins with a molecular weight of 10,000–60,000 which are resistant to
heat, low pH, and enzymatic degradation.

The uptake of intact antigens by the gastrointestinal tract is a tran-
scellular process of endocytosis; however, some antigens can move
through intercellular gaps. Under normal circumstances, the penetration
of antigens through the mucosal barrier does not lead to any clinical
manifestation. In fact, food antigen exposure via the gastrointestinal
tract results in a local immunoglobulin A (IgA) response with activa-
tion of suppressor CD8+ lymphocytes of the gut-associated lymphoid
tissue, a phenomenon defined as oral tolerance.

However, in selected circumstances oral tolerance may never develop
or may be lost.
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In genetically susceptible individuals, oral tolerance does not
develop, and different immunological and inflammatory mechanisms
can be elicited by antigen entry. Local production and systemic distri-
bution of specific reaginic IgE plays a significant role in IgE-mediated
reactions to food proteins. In addition, studies have demonstrated the

Table 6.1
Adverse reactions to food

Type Pathogenesis Clinical entities

Non-immune
mediated

Disorders of
digestive–absorptive
processes

Glucose–galactose
malabsorption

Lactase deficiency
Sucrase–isomaltase

deficiency
Enterokinase deficiency

Pharmacological
reactions

Tyramine in aged cheeses
Histamine in strawberries,

caffeine, etc.

Idiosyncratic reactions Food additives
Food colorants

Inborn errors of
metabolism

PKU (phenylketonuria)
Hereditary fructose

intolerance
Tyrosinemia
Galactosemia
Lysinuric protein intolerance

Immune mediated
(food allergy)

IgE mediated (positive
RAST or skin prick
tests)

Oral allergy syndrome
Immediate GI

hypersensitivity

Occasionally IgE
mediated

Eosinophilic esophagitis
Eosinophilic gastritis
Eosinophilic gastroenteritis

Non-IgE mediated Food protein-induced:
enterocolitis (FPIES),
enteropathy, proctocolitis

Autoimmune Innate as well as adaptive
immunity

Celiac disease
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Table 6.2
Food proteins causing food allergies

Food Specific protein (when identified)

Cow’s milk Caseins

Whey proteins
β-Lactoglobulin
α-Lactalbumin
Bovine serum albumin

Egg Ovalbumin

Soy 2S-globulin
Soy trypsin inhibitor
Soy lectin

Wheat Gluten
Glutenin
Globulin
Albumin

Corn 50 kDa maize gamma-zein
Rice
Fish
Shellfish
Beef
Pork
Peanuts, beans, peas
Tree nuts and seeds, cocoa

role of gastrointestinal T lymphocytes in the pathogenesis of gastroin-
testinal food allergy, so that it is now accepted that T cell-mediated
or delayed hypersensitivity reactions are also responsible for food
allergies.

In spite of the fact that IgG antibodies directed against food pro-
teins can be easily detected in many individuals, the role of this
immunoglobulin in the pathogenesis of clinically relevant symptoms
remains unproven.

Table 6.1 lists the different clinical conditions with their correspond-
ing underlying pathogenesis and Table 6.2 lists the most common food
allergens.
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CLINICAL PRESENTATION

History
Allergy to cow’s milk typically develops in early infancy. The onset of
symptoms is closely related to the timing of formula introduction into
the diet. It is thought that the vast majority of infants with allergy to
cow’s milk proteins will develop clinical manifestations within 4 weeks
of ingestion.

It was assumed for a long time that food allergy remits by 2 years
of age, when the infant’s mucosal immune system matures and the
child becomes immunologically tolerant. However, it has subsequently
become clear that milk protein allergy may actually persist well beyond
that time or even manifest itself initially in children older than 5 years.

Occasionally patients may appear to be in remission for years, only
to experience a recurrence of symptoms as teenagers or even as adults.

Signs and Symptoms
Food allergy can present with a number of different symptoms includ-
ing gastrointestinal manifestations, which are the most common.
Although a prominent presentation, not all food allergies are associated
with diarrhea.

The following presentations describe the various entities listed in
Table 6.1.

1) IgE mediated

a. Oral allergy syndrome: A form of IgE-mediated contact allergy
(appearing urticaria-like) that is confined almost exclusively to the
oropharynx and is most commonly associated with the ingestion of
various fresh fruits and vegetables [5]. Symptoms include itching,
burning, and angioedema of the lips, tongue, palate, and throat.

Immediate gastrointestinal hypersensitivity: An IgE-mediated
gastrointestinal reaction that often accompanies allergic manifesta-
tions in other organs, such as the skin or lungs. The reaction usually
occurs within minutes to 2 h of food ingestion. Most commonly, the
involved food antigens are cow’s milk or soy proteins, egg, wheat,
seafood, and nuts. The patient immediately develops nausea and
abdominal pain, soon followed by vomiting.

Similar to other IgE-dependent allergic disorders, allergy to milk,
egg, wheat, and soy generally resolves, whereas allergy to peanuts,
tree nuts, and seafood tends to persist [3].

2) Occasionally IgE mediated: eosinophilic gastroenteropathies
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A group of several disorders, all characterized by the infiltration of
eosinophils into the GI mucosa and consequent various GI symptoms
[6]. Peripheral eosinophilia may occur but is rarely very significant (i.e.,
>15–20%). Overlap exists among this group of disorders; however, it is
best to consider each entity on an individual basis as described below.

a. Eosinophilic esophagitis (EE): A relatively new entity occurring
in both children [7] and adults [8] is characterized by heavy
eosinophilic infiltration (by definition, >20 eosinophils/hpf at pathol-
ogy) of the esophageal mucosa. Endoscopically, various features are
described, including furrowing of the mucosa and mucosal rings.

Typically there is no concomitant involvement of the gastric or
duodenal mucosa. The condition appears to be rapidly increasing in
prevalence.

Affected individuals, both children and adults, may present with
dysphagia, food impaction, intermittent vomiting, food refusal, epi-
gastric or chest pain, and failure to respond to conventional anti-
reflux medications. Of interest, EE may also be responsible for
intermittent mucousy or watery, non-bloody diarrhea.

Occasionally, esophageal strictures may develop in untreated
patients.

Pediatric patients have often evidence of food hypersensitivity
(based on history and/or RAST test), with a response to strict
elimination diets in the majority of cases [9].

Eosinophilic gastritis: Distinct from the esophagitis, and typically
occurring in the absence of esophageal or duodenal involvement, this
rare entity mostly presents after childhood. Its symptoms are usually
typical of gastritis due to other etiologies (i.e., postprandial vomit-
ing, abdominal pain, anorexia, and early satiety with weight loss as
a consequence). Atopic features are present in about half of patients.
Affected patients will often respond to an elimination diet.

b. Eosinophilic gastroenteritis: An ill-defined disease which is char-
acterized by the infiltration of eosinophils into various sites of the
gastrointestinal tract, extending from the stomach to the rectum.

The syndrome has been reported in children of all ages as well as
in adults. The eosinophilic infiltration can be limited to the mucosa,
or can extend deeper into the submucosa, muscularis, and serosa.
Gastrointestinal symptoms vary according to the area of involvement
and the extent of infiltration.

The most common symptoms experienced are vomiting, profuse,
intermittent, non-bloody diarrhea, and weight loss. The involvement
of the small and large intestine can result in anemia as well as
protein-losing enteropathy, which can be severe at times.

In cases where the muscular layers are involved, gastric
outlet obstruction, subacute small intestinal obstruction, and
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appendicitis-like symptoms have also been documented. Diagnosis
requires bioptic samples showing the eosinophilic infiltration.

Unfortunately, no clear-cut line can be drawn to distinguish
eosinophilic gastroenteritis from other gastrointestinal diseases and
from nonpathologic, minor eosinophilic infiltrations of the lower
intestine.

3) Non-IgE mediated

a. Food protein-induced enterocolitis syndrome (FPIES): A symptom
complex of profuse vomiting and diarrhea diagnosed in infancy
involving both the small and the large intestine [10].

Food-induced enterocolitis syndrome occurs most frequently in
the first few months of life. Infants younger than 3 months are espe-
cially at risk. Affected infants may develop failure to thrive quickly,
if left untreated.

By far the commonest food antigens responsible for this syn-
drome are cow’s milk and soy protein, although recently it has also
been reported that solid food proteins (such as protein from rice,
vegetables, and poultry) may cause it in older infants [11, 12].

Vomiting generally occurs 1–3 h after food intake, while diarrhea
occurs 5–8 h after feeding.

Specific descriptions of the histologic findings are scanty because
the diagnosis can be made clinically. Small bowel biopsies show
mild villous injury with edema and inflammatory infiltration; while
colonic specimens reveal crypt abscesses and a diffuse inflammatory
infiltrate. FPIES is non-IgE mediated. Although its pathogenesis is
poorly understood, it is believed to be due to a cell-mediated allergy.

b. Food protein-induced enteropathy: Also a cell-mediated form of
food allergy involves damage to the absorptive surface of the small
intestinal mucosa. Cow’s milk and soy, but also rice, proteins are
responsible for an uncommon syndrome appearing typically in
infants 3–12 months of age. Symptoms include vomiting, pallor,
chronic diarrhea, and failure to thrive or weight loss, which can
be confused with celiac disease. Vomiting is present in up to two-
thirds of patients. Small bowel biopsy reveals an enteropathy with
variable degrees of villous atrophy. Total mucosal atrophy histologi-
cally indistinguishable from celiac disease is also a frequent finding.
Intestinal protein and blood losses can aggravate the hypoalbumine-
mia and anemia that are frequently observed in this syndrome. In
fact, protein-losing enteropathy may be a prominent feature. Overall,
the frequency and severity of this syndrome has decreased over the
past 20 years.

Recently described cases involve patients who tend to have patchy
intestinal lesions.
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c. Food protein-induced proctocolitis: A common cause of minor rectal
bleeding in very young infants, typically 2–8 weeks of age, although
recently described also in older children [13].

Again, cow’s milk and soy proteins are most often responsi-
ble, but interestingly the majority of affected infants are exclusively
breast-fed.

Symptoms include diarrhea with streaks of fresh blood. Affected
infants typically appear healthy and have normal weight gain. The
onset of bleeding is gradual and initially erratic over several days.
It then progresses to streaks of blood in most stools which can elicit
suspicion of an internal anal tear and is generally very alarming to
the parents. Endoscopic findings include aphthae and biopsies show
a mild-to-moderate eosinophilic proctitis. It should be noted, how-
ever, that endoscopy is generally not required for diagnosis in such a
low-grade benign condition.

In about half of the cases, a strict maternal diet with elimination
of all cow’s milk and soy-based products can resolve the problem.

Diagnosis
As in every medical condition, the first step in diagnosis is to have a
high level of suspicion with careful attention to history and physical
exam. Family history is particularly important as it is known that the
vast majority of patients with food allergy will report have a positive
family history. As a general rule, once a food allergy is suspected, the
incriminated foods need to be eliminated. Further diagnostic tests may
or may not be necessary to confirm the diagnosis.

Oral allergy syndrome and immediate GI hypersensitivity. As these
conditions are always IgE mediated, measuring food-specific IgE anti-
bodies is helpful. This can be done either by skin prick tests or by the
serum assay of food IgE antibodies through a Radio Allergo Sorbent
Test (RAST).

Different laboratories use different units, and it is not uncommon for
the result to be reported in a “class” scheme, based on comparison with
normal sera, that goes from 0 to 5. However, data should be expressed
quantitatively using the parameter units/liter (U/l) in order to allow for
a meaningful comparison.

Table 6.3 (from [14]) provides a guideline for the clinician, listing
the probability of a clinical reaction based on levels of IgE to specific
major food allergens.

It is important to notice that the positive predictive value for a test
depends on the study population and the allergen being tested. In a study
of 100 children in the United States, a cutoff value of 15 KU/l had a
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positive predictive value of 95% for cow’s milk [14]. A cutoff of 7 KU/l
had the same positive predictive value for egg.

Eosinophilic gastroenteropathies (eosinophilic esophagitis,
eosinophilic gastritis, eosinophilic gastroenteritis). Food-specific
IgE antibodies should be measured, as in approximately 50% of
cases these disorders may indeed be mediated by an IgE reaction.
When interpreting RAST results, the same considerations that apply
to IgE-mediated conditions will apply to these disorders. It is also
important to note that a negative RAST does not rule out food allergy
as a cause of eosinophilic gastroenteropathies.

Given the limited role of immune-allergy laboratory services
and an absence of strictly defined diagnostic criteria, diagnosis
relies on the clinical skills of an experienced gastroenterologist.
Endoscopic procedures can help rule out conditions that have a similar
presentation.

Once the diagnosis of an eosinophilic gastroenteropathy is estab-
lished, an elimination diet should be implemented. The subsequent
management is dictated by the response obtained during the initial trial
[6]. Anti-inflammatory agents (i.e., steroids) may be necessary in some
cases, especially if no food allergy is detected, which can be the case in
up to 40% of patients [15].

Non-IgE mediated. Presumptive diagnoses are characteristically
reached by eliminating the suspected food antigen (most commonly
milk protein) and observing the clinical response.

Food protein-induced enterocolitis syndrome. A definitive diagnosis
is made when there is a recurrence of symptoms upon re-challenging
the patient with the offending protein. Typically no invasive diagnos-
tic procedure is performed, as FPIES is considered a transient food
allergy. Most pediatric gastroenterologists avoid the re-challenging step
and simply delay the re-introduction of the suspected protein to the end
of the first or early second year of life [16] . Typically no invasive diag-
nostic procedure is performed, as FPIES is considered a transient food
allergy.

Food protein-induced enteropathy. Given the similarities with other
conditions causing a malabsorption picture (and mostly celiac dis-
ease), the diagnostic workup of this condition follows that of any other
malabsorptive disorder presenting in infancy and is likely to include
an upper GI endoscopy with mucosal biopsies. As mentioned earlier,
the pathological findings may be totally indistinguishable from those
of celiac disease, including the increased number of intraepithelial
lymphocytes.

Both conditions can also cause a major protein-losing enteropa-
thy that can be detected by checking fecal α1-antitrypsin level. The
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diagnostic confusion in this young age group may be aggravated by
the fact that the specific serology for celiac disease may be negative.

In severe cases in which both gluten and milk proteins have
been eliminated from the diet of the affected infant prior to initi-
ating the diagnostic work, repeated food challenges for a prolonged
period of time may be necessary before a definitive diagnosis can be
made.

Food protein-induced proctocolitis. In young breast-fed infants, the
diagnostic workup is usually unnecessary as one can rely on the clin-
ical presentation. In older children with persistent or recurrent rectal
bleeding, flexible proctosigmoidoscopy should be considered. Affected
children usually have mild left-sided colitis characterized by a promi-
nent eosinophilic infiltration, focal lymphoid follicle hyperplasia, and a
prompt clinical and histological response to a cow’s milk free [13].
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INTRODUCTION

Protein-losing gastroenteropathy is a condition characterized by exces-
sive loss of serum proteins into the gastrointestinal tract, which can
result in systemic hypoproteinemia. This condition may be caused by
a variety of underlying mucosal diseases which lead to exudation of
plasma due to surface inflammation, erosion, increased permeability, or
a leaky mucosa that develops for other reasons.

Maimon and colleagues first conceptualized protein-losing gastroen-
teropathy in 1947, by noting that fluid production from enlarged gastric
folds in patients with Menetrier’s disease was high in protein content. In
1949, Albright and colleagues used IV infusions of albumin to demon-
strate that hypoproteinemia resulted from increased catabolism of
albumin, rather than inadequate albumin synthesis. In 1956, Kimbel and
colleagues observed increased gastric albumin production in chronic
gastritis. Later, in 1957, Citrin and colleagues elucidated that the
gastrointestinal tract was the specific site of excess protein loss in
Menetrier’s disease, by associating excess loss of intravenously admin-
istered radioiodinated albumin with appearance of labeled protein in the
gastric secretions of these patients [1].

NORMAL PROTEIN ABSORPTION

Recommended dietary needs for protein in adults vary from 0.75 to
1 g/kg of body weight daily, although actual systemic deficiency is
rare even with intake as low as 0.5 g/kg per day or less [2]. Proteins
are partially broken down into large oligopeptides in the stomach by
pepsins at an optimal pH of 2–3.5. Peptidases of the pancreas fur-
ther hydrolyze proteins and large oligopeptides at an optimal pH of
7–8. After the combined action of gastric and pancreatic proteolytic
enzymes, dietary protein is largely reduced to a combination of small
oligopeptides (2–6 amino acid residues representing 75–85% of the
final products of protein digestion) and free amino acids (remaining
15–25%) [2, 3].

Final digestion of the small oligopeptides to three absorbable forms
(amino acids, di- and tripeptides) is catalyzed by oligopeptidases
attached to the microvillous membrane.

Di- and tripeptides are absorbed more easily than amino acids [4].
Within the cytoplasm, most are quickly hydrolyzed to their constituent
amino acids. A specific membrane carrier exists for the transport of
the released di- and tripeptides: such transporter, designated Pept-1, is
the exclusive oligopeptide transporter of the brush-border membrane
of the intestinal mucosa and, in contrast to other transporters, has an
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enormous range of substrates. Pept-1 is in fact able to transport 400
dipeptides and 8,000 tripeptides that could be produced from the diges-
tion of dietary and body proteins [5]. In addition, a membrane carrier
exists for neutral amino acids, another for basic amino acids, and a third
system for proline and hydroxyproline [2]. Absorbed amino acids, par-
ticularly glutamine, are major fuels for small intestinal mucosa [2]. The
absorbed amino acids and a small fraction of the dipeptides find their
way to the portal venules in the lamina propria and reach the liver via
the portal vein.

Approximately two thirds of protein within the lumen is dietary in
origin. The remainder of protein normally leaked into the gastrointesti-
nal lumen is from endogenous sources: 10 g/day of protein enzymes,
10 g/day of protein in exfoliated epithelial cells, and 1.4 g/day of plasma
proteins [1]. Amino acids, di- and tripeptides are absorbed most effi-
ciently in the jejunum [5]. By the time a meal enters the ileum, 80%
of food protein together with the endogenous protein has been digested
and absorbed. Ten percent is absorbed in the ileum. The protein con-
tent of stools equals about 10% of protein eaten, however, its source is
bacteria and cellular debris [6].

PROTEIN MALABSORPTION AND PROTEIN LOSS

The most frequent causes of protein malabsorption are loss of normal
jejunal mucosal function and loss of exocrine pancreatic secretion of
peptidases. Protein malabsorption is more commonly associated with
chronic generalized damage of the intestinal absorptive area such as
seen in celiac disease or milk protein allergic enteropathy; in short
bowel syndromes; or in conditions of severe lack of exocrine pancreatic
function such as in cystic fibrosis [7].

Protein-losing enteropathy on the other hand is the consequence of a
range of pathophysiologic processes that result in the loss of serum pro-
teins into the gastrointestinal tract. Although gastrointestinal tract loss
of albumin should normally account for less than 10% of the total body
degradation of albumin in normal individuals, patients with protein-
losing gastrointestinal disorders can increase enteric protein loss up to
60% of total systemic albumin [8, 9].

Under physiologic conditions, most endogenous proteins found in
the gastrointestinal lumen are derived from sloughed enterocytes and
pancreatic and biliary secretions [10]. Daily enteric loss of serum pro-
teins accounts for less than 1–2% of the serum protein pool in healthy
individuals, with enteric loss of albumin accounting for less than 10%
of total albumin catabolism. The normal total albumin pool is 3.9 g/kg
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in women and 4.7 g/kg in men, with a rate of hepatic albumin synthesis
of 0.15 g/kg/day and a half-life of 15–33 days. The rate of albumin pro-
duction with albumin half-life should typically equal the rate of albumin
degradation [8].

Excess proteins entering the gastrointestinal tract are digested by pro-
teases into their constituent amino acids, which are then reabsorbed in
the portal circulation [11]. Gastrointestinal losses normally are insignif-
icant with regard to total protein metabolism, and serum protein levels
thus represent a balance between protein synthesis and metabolism.
However, this physiology can become severely altered in patients with
protein-losing gastroenteropathy [1, 12].

Numerous disease states are associated with protein-losing gastroen-
teropathy, with abnormal plasma protein loss attributable to differ-
ing types of alterations in the gastrointestinal epithelial mucosa (see
Table 7.1). The range of diseases causing protein-losing gastroenteropa-
thy may be conceptualized under three descriptive mechanisms. First,
mucosal injury can result in increased permeability to plasma proteins
due to cell damage or loss. Second, mucosal erosions and ulcerations
may cause a loss of inflammatory, protein-rich exudates. Finally, lym-
phatic obstruction or increased lymphatic hydrostatic pressure may
allow direct leakage of lymph, which contains plasma proteins.

An important concept, with regard to the mechanisms leading to
hypoproteinemia in the protein-losing gastroenteropathies, is that loss
of proteins is independent of their molecular weights and is thus non-
specific. Therefore, the fraction of the intravascular pool degraded per
day remains the same for various proteins, including albumin, IgG,
IgA, IgM, and ceruloplasmin. A contrast, for example, is that nephrotic
syndrome preferentially loses low molecular weight proteins such as
albumin [13].

Although all proteins are usually lost through the gastrointestinal
tract at the same rate in protein-losing gastroenteropathies, systemic
deficits between various endogenous proteins may be unequal. This
is due to physiological differences in the capacity to break down or
synthesize specific types of proteins. For example, proteins such as
insulin, clotting factors, and IgE may be relatively unaffected by gas-
trointestinal losses due to rapid synthetic rates. By contrast, albumin
production can only be maximally increased by only 25%, and most
gamma globulins (other than IgE) are limited in their ability to respond
to gastrointestinal losses [14]. For this reason, abnormal protein loss
from the gut can lead to an unequal systemic profile of hypopro-
teinemia (e.g., more commonly exhibited as hypoalbuminemia and
hypoglobulinemia). Other compounding factors contributing to exces-
sive enteric protein loss may coexist, including impaired hepatic protein
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Table 7.1
Disease states associated with protein-losing gastroenteropathy

Primary gastrointestinal mucosal diseases (typically ulcerative/erosive)
Erosions or ulcerations of the esophagus, stomach, or duodenum
Regional enteritis
Graft versus host disease
Pseudomembranous Colitis (Clostridium difficile)
Mucosal-based neoplasia
Carcinoid syndrome
Idiopathic ulcerative jejunoileitis
Amyloidosis
Kaposi sarcoma
Protein dyscrasia
Ulcerative colitis
Neurofibromatosis
Cytomegalovirus infection

Nonerosive upper gastrointestinal diseases
Cutaneous burns
Whipple disease
Connective tissue disorders
Acquired immunodeficiency syndrome (AIDS)
Enteropathy, such as angioedema (idiopathic or hereditary) and
Henoch-Schönlein purpura
Celiac disease
Tropical sprue
Allergic gastroenteritis
Eosinophilic gastroenteritis
Giant hypertrophic gastritis (Menetrier disease)
Bacterial overgrowth
Intestinal parasites
Microscopic colitis
Dientamoeba fragilis

Conditions with protein loss due to increased interstitial pressure or
lymphatic obstruction
Tuberculosis
Sarcoidosis
Retroperitoneal fibrosis
Lymphoma
Intestinal endometriosis
Lymphoenteric fistula
Whipple Disease
Cardiac disease (constrictive pericarditis or congestive heart failure)
Intestinal lymphangiectasia

From ref. 54
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synthesis and increased endogenous degradation of plasma proteins
[1, 13].

Protein-losing gastroenteropathies, in addition to hypoproteinemia,
can manifest in reduced concentrations of other serum components.
These include lipids, iron, and trace metals. If lymphatic obstruc-
tion is the underlying mechanism, this can result in lymphocytopenia
and changes in cellular immunity [1]. However, despite decreased
serum gamma globulin levels, increased susceptibility to infections is
uncommon [15, 16].

CLINICAL MANIFESTATIONS

Although clinical features are predominantly a manifestation of the
underlying causative disease process, a low protein state with resul-
tant edema due to reduction in oncotic pressure is the most common
presenting sign. Dependent edema is a common finding; however,
frank anasarca is reportedly more rare [1]. Proteins with slow catabolic
turnover tend to be decreased, such as albumin and gamma globulins
IgG, IgA, and IgM [17]. By contrast, rapid turnover proteins, such
as pre-albumin, IgE, insulin, and retinal-binding protein are preserved
[17, 18]. Intestinal lymphangiectasia may manifest as unilateral edema,
upper extremity edema, facial edema, macular edema (with reversible
blindness), and bilateral retinal detachments [1]. Yellow nail syndrome
has been described in protein-losing enteropathy associated with pri-
mary lymphangiectasia, consisting of chronic peripheral lymphedema,
yellow slow-growing nails, recurrent pleural and pericardial effusions,
and chylous ascites [11, 19]. Malabsorption can be exhibited as diar-
rhea, such as in small bowel disorders with protein loss including celiac
disease or tropical sprue. This can result decreased levels of lipids, fat-
soluble vitamin malabsorption, trace metal deficiencies, anemia, and
carbohydrate malabsorption [11].

Clotting factors may be lost into the gastrointestinal tract, but coag-
ulation status typically remains unaffected [11]. Although circulating
levels of proteins that bind hormones, such as cortisol and thyroid-
binding proteins, may be substantially decreased, levels of circulating
free hormones are not significantly altered [1].

Diseases Associated with Protein Losing Gastroenteropathy:
Without Mucosal Erosions or Ulcerations

A primary example of protein-losing gastropathy without mucosal
erosions includes Menetrier’s disease, otherwise known as giant
hypertrophic gastropathy. A pre-malignant condition, this is the most
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common gastric disease causing severe protein loss [20]. Patients often
experience dyspepsia, postprandial nausea, emesis, anorexia, edema,
weight loss, and hypoproteinemia on work-up [1, 21]. Criteria for
diagnosis include giant gastric folds, histological features of marked
foveolar hyperplasia, atrophy of glands, and increase in mucosal thick-
ness. Elevated TGF-α in gastric mucous cells binds to epidermal growth
factor receptor. This increases gastric mucous production and cell
renewal and inhibits acid secretion [22]. Hypoproteinemia occurs due
to selective loss of serum proteins across the gastric mucosa. Tight
junctions between cells are wider than normal, and it is thought that
proteins traverse the gastric mucosa through these widened spaces [23].

A possible causal relationship appears to exist between Helicobacter
pylori infection and Menetrier’s disease with protein-losing gastroen-
teropathy, with a retrospective study detecting H. pylori in >90%
of cases of Menetrier’s disease [24]. Treatment of H. pylori has
been reported to result in endoscopic and symptomatic resolution of
Menetrier’s disease, with normalization of hypoproteinemia [24, 25].
Of note, H. pylori gastritis with protein-losing gastroenteropathy from
erosions may occur in the absence of Menetrier’s disease. Eradication
of H. pylori in this setting has also responded to eradication of acute
infection [26].

Allergic gastroenteropathy is an additional example of a disease state
without mucosal erosions or ulcerations associated with protein-losing
gastroenteropathy. Although generally considered a pediatric entity,
this may also be encountered in adults. Symptoms include abdominal
distress, vomiting, and intermittent diarrhea. Laboratory abnormalities
include hypoproteinemia, hypoalbuminemia, iron deficiency anemia,
and peripheral eosinophilia. Although IgM and transferrin levels may
be only moderately decreased, serum total protein, albumin, IgA, and
IgG become markedly reduced [1]. Characteristic histology of the small
bowel in these patients includes marked increase of eosinophils in the
lamina propria and Charcot–Leyden crystals on stool examination [27].

Chehade et al. studied eight patients retrospectively, comparing
controls and patients with allergic gastroenteritis and no anemia or
hypoalbuminemia. Routine histological evaluation did not show any
features differentiating allergic gastroenteritis from allergic gastroen-
teritis with protein-losing enteropathy. However, when eosinophils and
mast cells were counted in intestinal biopsies, significantly more mast
cells were found in biopsies of the allergic gastroenteritis with protein-
losing enteropathy group despite comparable numbers of eosinophils.
By contrast, eosinophils in gastric biopsies were more prominent in
allergic gastroenteritis with protein-losing enteropathy, while mast cell
numbers were similar in all groups [28].
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Regarding treatment of this condition, Chehade et al. found that,
although all patients studied had an excellent response to amino acid-
based formula and tolerated gradual introduction of some foods with
time, food-responsive disease persisted in all patients during 2.5–5.5
years of follow-up [28]. They thus concluded that patients with allergic
gastroenteritis and protein-losing gastroenteropathy may be expected
to respond well to therapy with amino acid-based formula, although
food hypersensitivities may not completely resolve over up to a 5.5-year
period. Also, since intestinal mast cells were significantly increased in
maximally infiltrated areas of the intestine, this may be the cause of
increased intestinal permeability and protein loss. Markedly elevated
histamine levels have been observed in small bowel mucosal biopsy
sample [29]. Histologic appearance of localized intestinal anaphylaxis
correlates with mast cell migration into the intestinal lumen. Although
cromolyn was an ineffective prophylaxis, it was found that sensitized
animals pretreated with prostaglandin E2 or doxantrazole had inhibition
of this localized anaphylactic response [30].

Another example of a disease state without mucosal erosions
which may cause protein-losing gastroenteropathy is systemic lupus
erythematosis. In fact, protein-losing gastroenteropathy may be the
initial clinical presentation of lupus [31, 32]. The causal mechanism
has been associated with mesenteric vasculitis, resulting in intesti-
nal ischemia, edema, and intestinal capillary hyperpermeability [1].
Uniquely, although hypercholesterolemia is rare in idiopathic protein-
losing gastroenteropathy due to enteric lipoprotein loss [33], this is
common in lupus-associated protein-losing gastroenteropathy [34]. It
is thought that leakage of cholesterol-rich lipoprotein particles in
the intestinal lymph does not occur is systemic lupus, as lymphatic
disruption is partial [35].

Clinically, this phenomenon may be important as outlined in YG
Kim’s study of 11 lupus-associated protein-losing gastroenteropathy
patients. The data indicated that, if hypercholesterolemia >250 mg/dL is
measured, then, corticosteroids alone were sufficient to achieve remis-
sion. Thus, the use of other immunosuppressants such as cyclophos-
phamide or azathioprine could be postponed in this scenario [34].

Most cases of lupus-induced protein-losing enteropathy can be
treated medically with corticosteroids, plus or minus methotrexate,
cyclophosphamide, or azathioprine [32]. Relapse rates of 20–30% may
be expected with medical management [33]. Wang et al. published
a case study in which a lupus patient with protein-losing enteropa-
thy resistant to medical treatment was found to benefit briefly from
surgical resection of the affected ascending colon segment. However,
6 months later, the patient’s symptoms recurred, and Technetium
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99m scintigraphy confirmed protein loss from the remaining colon.
It was concluded that, although certain other causes of protein-losing
gastroenteropathy may be effectively treated with focal resection, sys-
temic lupus erythematosis patients are less likely to benefit, due to
multi-systemic involvement [36].

Diseases Associated with Protein Losing Gastroenteropathy:
with Mucosal Erosions or Ulcerations

Protein-losing gastroenteropathy secondary to mucosal erosions or
ulcerations may be associated with various benign or malignant con-
ditions. Whether the process is localized or diffuse, the mechanism
of protein loss is related to inflammatory exudation secondary to ero-
sions and ulcerations [1, 11]. The severity of protein losses depends
on the degree of cellular loss, with associated inflammation and lym-
phatic obstruction. Diffuse ulcerations of the small intestine or colon,
as seen with Crohn’s disease, ulcerative colitis, and pseudomembra-
nous colitis, can result in severe protein loss [37, 38]. Regarding causes
of hypoalbuminemia in gastrointestinal tract malignancies, this may
be attributable to decreased albumin synthesis as well as excessive
enteric protein loss [1]. This may additionally be caused by cancer
therapies, including chemotherapy, radiation-related injury, and bone
marrow transplantation.

Although rare, protein-losing enteropathy can be a severe compli-
cation of Crohn’s disease [37]. In fact, hypoalbuminemia can be a
presenting symptom of Crohn’s disease. Histology has indicated the
mechanisms of intestinal leakage to include mucosal injury, increased
lymphatic pressure, or dilated lymphatics [39].

The pathogenesis of nutritional disturbances in Crohn’s disease is
multifactorial. Hypoproteinemia in regional enteritis has correlated pri-
marily with protein loss into the bowel, rather than with malabsorption
[40]. Leakage of protein into the intestinal lumen usually does not give
rise to hypoproteinemia unless this protein loss is massive. The combi-
nation of severe hypoproteinemia with lymphocytopenia may indicate
intestinal loss of lymph, containing high concentrations of fat, protein,
and lymphocytes [41].

Thus, whenever hypoproteinemia is accompanied by lymphocytope-
nia in Crohn’s disease, intestinal lymphatic obstruction should be
considered as a component of pathogenesis. With a sufficient rate of
lymph loss into the intestinal lumen, nuclear imaging techniques can
demonstrate this leakage phenomenon [41].

Nonsteroidal anti-inflammatories (NSAIDs) have been associated
with protein-losing enteropathy, sometimes causing small intestinal
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ulcers, perforation, and strictures requiring surgery. In fact, NSAIDs
produce inflammation of the small intestine in between 40 and
70% of long-term users, leading to blood loss and protein loss. In
fact, a recent study utilizing capsule endoscopy in 40 healthy sub-
jects noted macroscopic small bowel tissue damage in 68% of those
ingesting slow-release diclofenac. Long-term use of NSAIDs and
COX-2 inhibitors over 3 months was associated with similar rates of
small bowel injury [42].

Pathogenesis of NSAID enteropathy is multi-stage, with specific
biochemical and subcellular organelle damage followed by inflamma-
tory tissue reaction. NSAID-induced injury to the intestinal epithelium
results from three sources of exposure: (1) pre-absorption local effects
following direct exposure after oral administration, (2) systemic effects
after absorption, and (3) the recurrent local effects following enterohep-
atic recirculation [43]. Although the relative importance attributable to
each of these mechanisms is not known, increased intestinal permeabil-
ity has been suggested as the central contributing biochemical factor in
small bowel NSAID-induced tissue damage [44].

Various suggested treatments for NSAID-induced enteropathy
include sulphasalazine, misoprostol, and metronidazole [43]. However,
the efficacy of these agents has not been adequately evaluated long
term. Current strategies for prevention have been geared toward reduc-
ing intestinal permeability, since this is thought to be the most important
mechanism in NSAID-induced enteropathy [44].

Diseases Associated with Protein Losing Gastroenteropathy:
Altered Lymphatic Drainage

Intestinal lymphangiectasia may be primary or secondary, and is char-
acterized by intestinal lymphatic vessel dilation and rupture of lacteals,
chronic diarrhea, and loss of lymph into the gastrointestinal tract.
This lymph is rich in proteins such as albumin and globulin, as well
as chylomicrons and lymphocytes, resulting in chronic protein-losing
enteropathy. A focal presentation is often seen in patients with acquired
or secondary lymphangiectasia, in contrast to those with congenital
disease who typically present with diffuse lymphangiectasia [17].

In patients with primary intestinal lymphangiectasia, tortuous,
dilated mucosal and submucosal lymphatic vessels are seen. This
is the most common cause of protein-losing enteropathy in chil-
dren [45]. Although generally diagnosed by age 3 years, this may
sometimes present up to 30 years of age [46, 47]. Signs include
edema, hypoproteinemia, diarrhea, and lymphocytopenia secondary to
both lymphatic leakage and rupture. Marked lymphangiectasia in the
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mesenteric lymph nodes and long-standing immunoglobulin deficiency
favor a diagnosis of congenital lymphangiectasia [17]. Retroperitoneal
processes such as adenopathy, fibrosis, and pancreatitis can also impair
lymphatic drainage [1].

When central venous pressure is elevated from secondary causes,
for example, congestive heart failure constrictive pericarditis, this also
results in bowel wall lymphatic vessel congestion and perturbation of
lymphatic drainage. An example of a secondary lymphangiectasia more
predominant in the pediatric population is that induced by the Fontan
procedure. This is performed for surgical correction of congenital uni-
ventricular heart. It involves creation of a wide anastomosis between
the right atrium and pulmonary artery and is usually completed by
18 months of age. Protein-losing gastroenteropathy has been noted in
up to 15% of these patients within 10 years. Hemodynamic studies
reveal increased central venous pressures. Thus, right-side pump prob-
lems may congest bowel wall lymphatic vessels, causing leakage of
plasma containing lymph inside the intestinal lumen via surface epithe-
lium [48]. Five-year survival after onset of protein-losing enteropathy
is only 46–59% [49].

A more seldom observed clinical entity, Waldenstrom macroglob-
ulinemia is characterized by lymphadenopathy, organomegaly, and
a circulating monoclonal IgM paraprotein, which may lead to a
hyperviscosity syndrome. Although enteric involvement is rare, this
condition has been associated with protein-losing enteropathy [50].
Endoscopically this appears as edematous small intestinal mucosa, due
to the dilated lymphatic channels. The most common mode of involve-
ment is via deposition of IG light chain fragments as amyloid protein
visible with Congo red staining. Small bowel biopsies may show intesti-
nal lymphangiectasia, infiltration of the mucosa by foamy histiocytes,
and intralymphatic eosinphilic acellular non-Congo staining material
as IgM. The IgM produced within the lamina propria of the intes-
tine is cleared by the lymphatic channels, but the high viscosity of the
interstitial fluid may lead to lymphatic dilatation and obstruction with
secondary lymphangiectasia. Infiltration of the mesenteric lymph nodes
can also distort the anatomy and function of these nodes, leading to this
problem, as has been observed in low-grade lymphoma [50].

DIAGNOSIS IN PROTEIN-LOSING
GASTROENTEROPATHIES

The possibility of protein-losing enteropathy should be suspected in
patients with hypoalbuminemia. However, hypoproteinemia with such
symptoms as edema is commonly seen in multiple other disease states,
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including nephrotic proteinuria, liver diseases, and protein malnutri-
tion. Thus, it is important to confirm excessive protein loss into the
gastrointestinal tract in order to make the diagnosis of protein-losing
gastroenteropathy [11]. Testing functional small bowel absorption, for
example, with D-xylose, would be normal in cases of protein-losing
gastroenteropathy due to intestinal lymphangiectasia [46], and would
thus miss this diagnosis. The gold standard to confirm protein-losing
enteropathy is through documenting loss of radiolabeled IV macro-
molecules in stool, such as with 51Cr-albumin. However, this test has
such limitations as exposure to radioactive material and a 6- to 10-day
collection period and is thus not usually utilized in the clinical setting
[1, 51, 52].

The glycoprotein alpha 1-antitrypsin is a useful marker of intesti-
nal protein loss, since its size is similar to that of albumin. It is also
similar to albumin in that it is produced within the liver and is not
actively absorbed or secreted. Alpha 1-antitrypsin is normally found
in low concentrations in the stool in an intact form, since it is resis-
tant to proteolysis in the intestinal lumen [11]. An inverse correlation
is noted between enteric alpha 1-antitrypsin loss and serum albumin
levels. Thus, alpha 1-antritrypsin can be used as a confirmatory mea-
sure of intestinal protein loss [32, 53]. Typically, clearance of alpha
1-antitrypsin threefold higher than the upper limits of normal (i.e.,
exceeding 180 mL/day) correlates with an albumin level below 3.0 g/dL
[9]. However, stool alpha 1-antitrypsin concentration is a poor index of
its clearance; rather, measurement of fecal concentration in conjunc-
tion with plasma levels is a more accurate indicator of intestinal protein
loss [9].

A 24-h stool collection more reliable than a spot stool specimen and
is thus preferred for laboratory evaluations [11]. The formula for alpha
1-antitrypsin plasma clearance (Table 7.2) can be used for both diagnos-
ing and following response to treatment of protein-losing enteropathy
[1, 54]. Interpretation of alpha 1-antitrypsin clearance should be made
in the context of symptoms, with a clearance of >24 mL/day considered
abnormal in patients without diarrhea and >56 mL/day as above normal
limits in patients with diarrhea [1].

Table 7.2
Plasma clearance of alpha 1-antitrypsin (α-1 AT)

α − 1 AT plasma clearance = (stool volume) (stool α − 1 AT)

(serum α − 1 AT)

From ref. 54.
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Certain pitfalls must be considered when using alpha 1-antitrypsin
as a measure of protein-losing gastroenteropahty. Since alpha
1-antitrypsin is degraded by pepsin at a gastric pH < 3, this cannot
be relied upon to identify protein loss from gastric sources. However,
the use of a proton pump inhibitor such as lansoprazole, or H2 block-
ers such as cimetidine, to prevent gastric acid degradation of alpha
1-antitrypsin can allow detection of protein-losing gastropathy in such
cases [55, 56]. In addition, alpha 1-antitrypsin clearance is not diag-
nostically useful in infants, since meconium normally contains elevated
levels of this enzyme. This is due to the comparatively increased intesti-
nal permeability found in normal neonates [57], in addition to alpha
1-antitrypsin derived from sources such as amniotic fluid [52, 58].
Finally, in patients with intestinal bleeding or occult blood loss, inter-
pretation of alpha 1-antitrypsin clearance may be misleading, due to
increased clearance rates [9].

After confirmation of excessive gastrointestinal protein loss, further
evaluation should focus on identifying the responsible underlying dis-
ease. Physical and laboratory exams should be directed toward clues for
further work-up, such as inflammatory states (e.g., autoantibody testing,
eosinophilia, c-reactive protein levels, and sedimentation rate), hema-
tologic work-up (e.g., protein electrophoresis, red cell indices, iron
studies), endocrine work-up (e.g., thyroid studies, calcium levels), and
coagulation studies. In addition, viral serological studies (e.g., for CMV
or HIV) and stool studies (e.g., white blood cells, Clostridium difficile
toxins, and examination for ova and parasites) should be included. If
peripheral eosinophilia is noted, this should prompt stool analysis for
Charcot–Leyden crystals [1].

Cardiac work-up may be pursued to assess for secondary lym-
phangiectasia as an etiology of protein loss. For instance, testing for
conditions leading to right-sided heart failure, such as constrictive peri-
carditis, can include EKG, echocardiography, jugular venous pressure
measures, or even cardiac catheterization. A simple chest radiograph
may reveal cardiomegaly or granulomatous disease to direct further
work-up [1, 11].

Steatorrhea may direct studies toward the upper gastrointestinal
tract, such as barium gastrointestinal follow-through [1]. This may
locate various mucosal abnormalities, such as ulcerations or strictures.
A “stacked coin” appearance on barium x-ray with thickened, nodu-
lar small bowel folds is indicative of primary lymphagiectsia [59].
Other conditions leading to lymphatic obstruction may be diagnosed
by CT scan of the abdomen and pelvis, including fibrosis, pancreatic
diseases, and malignancies. In children, MRI has been successfully
utilized for the diagnosis of protein-losing enteropathy secondary to
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intestinal lymphangiectasia [45]. A lymphangiogram may be consid-
ered in selected patients, but this test is rarely performed in most
centers. Although rarely performed, lymphaniography may be pursued
to further work-up lymphangiectasia if all other work-up has been
negative, and exploratory laparotomy may reveal occult malignancy [1].

In addition to lab work and routine imaging, nuclear imaging
can be especially helpful in the diagnosis protein-losing gastroen-
teropathy – especially when alpha 1-antitrypsin testing results are
unclear. Such scans may utilize technetium 99m-labeled human serum
albumin, 99mTc-labeled dextran scintigraphy, 99mTc-labeled human
immunoglobulin, and indium 111-labeled transferrin. 99mTc-labeled
dextran scintigraphy may be more sensitive than 99mTc-HSA. Nuclear
imaging is capable of confirming and quantitating both the extent and
location of the underlying disorder and thus direct evaluation toward
a specific organ. These imaging studies can also be used to moni-
tor response to therapy, however, neither test is widely available [36,
60, 61].

According to Herfarth et al., endoscopy is always recommended
as verification of suspected protein-losing gastroenteropathy. Although
inflammation, ulceration, or neoplastic disease may be a primary find-
ing, endoscopy can also reveal white villi or interspersed white spots,
with a milky lymph coating over the mucosa in cases of lymphang-
iectasia [17]. Biopsies of such mucosa can confirm the presence of
lacteal exudates, dilated mucosal, submucosal, and even serosal dilation
of lymphatics and polyclonal plasma cells [46].

Random endoscopic biopsies of normal-appearing mucosa can his-
tologically exclude collagenous or lymphocytic disease states causing
protein-losing enteropathy. Histologically, observation of diffuse lym-
phangiectasia would favor a congenital type of lymphangiectasia. By
contrast, small intestinal biopsies in an acquired (secondary) form of
lymphangiectasia would more classically show focal lymphangiectasia,
with some villi involved and others spared [17].

Capsule endoscopy currently is considered the method of choice
for evaluation of small bowel pathological processes [62], and has
been observed to have a better diagnostic yield than small bowel
x-rays [63]. Although also useful in the pediatric population [64],
caution should be used, as up to 20% of pediatric patients experi-
enced an adverse event associated with disposable small bowel capsule
(e.g., delayed passage from the stomach or small bowel capsule reten-
tion) [62]. In addition, double balloon endoscopy has been utilized to
diagnose blastomycosis, tuberculosis, and primary small bowel lym-
phangioma in cases of lymphangiectasia contributing to protein-losing
enteropathy [65].
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TREATMENT

Since protein-losing gastroenteropathy is a complex of signs and symp-
toms indicative of an underlying disease, rather than an actual disease in
itself, treatment is generally focused correcting the underlying causative
disease. For instance, antibiotics may be effective if bacterial over-
growth, H. pylori, or Whipple’s disease is present, and autoimmune
inflammatory processes, such as inflammatory bowel disease or lupus,
may respond to immunosuppressive agents. Cardiovascular or other cir-
culatory issues contributing to protein-losing enteropathy may respond
to medical treatment or corrective surgery [66–68]. Nutritional status is
also a primary issue that must be addressed in the treatment plan. For
instance, protein loss may be offset in part by a high protein diet, and
a decreased fat intake appears to have a beneficial effect on albumin
metabolism, as is reviewed later in more detail.

Treatment options for Menetrier’s disease may include long-term H2
receptor antagonists, proton pump inhibitors, anticholinergic agents,
and octreotide [69–71]. Increased signaling of the epidermal growth
factor receptor has been associated with the pathogenesis of Menetrier’s
disease, and medical treatment with neutralizing monoclonal anti-
body against this receptor has been clinically useful [72]. Patients
with persistent abdominal pain, hemorrhage, or severe unrelenting pro-
tein loss may require gastrectomy. Menetrier’s disease in childhood
is much less common and actually appears to be an entirely differ-
ent clinical entity. Although causation has not been confirmed, it has
most often been associated with cytomegalovirus infection and has an
excellent prognosis for spontaneous remission within approximately 5
weeks [73].

Although medical management of underlying disease is paramount
in treating cases of protein-losing enteropathy associated with Crohn’s
disease, a retrospective analysis found that one of the most com-
mon indications for elective surgery in Crohn’s disease includes
protein-losing enteropathy, behind subacute intestinal obstruction and
perforation-peritonitis [74]. This study noted increased postoperative
morbidity after mid small bowel resection in patients who had preoper-
ative malabsorption states, as well as anemia and immunosuppression
[74]. However, examples exist in which targeted small bowel resection
has alleviated protein-losing enteropathy symptoms in otherwise refrac-
tory Crohn’s disease patients. For example, Ferrante, et al. reviewed
a case involving a Crohn’s disease patient who required resection of
a severely strictured jejunal loop. After resection, the patient clini-
cally improved without further need for albumin infusion and edema
resolved [39].
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In contrast to inflammatory conditions, in which treatment with
steroids is often helpful in addressing resultant protein-losing
enteropathies, treatment of intestinal lymphangiectasia can differ
greatly. Acquired intestinal lymphangiectasia should be treated by med-
ical or surgical correction of the underlying disease process (e.g., right-
sided heart failure or pericarditis). Mechanisms for congenital enteric
protein loss in primary lymphangiectasia are not well understood,
although increased pressure of the lymph channels has been suggested
to be a cause of protein loss [46]. Intestinal lymph flow can be reduced
through fat restriction, and thus dietary fat restriction is considered to
be the first choice of treatment in intestinal lymphangiectasias. Also,
a diet containing medium chain triglycerides as a substitute for long-
chain triglycerides is of benefit, because medium chain triglycerides
are absorbed directly into the portal vein rather than the lymphatics,
thus avoiding stimulation of lymph flow. Medium chain fatty acids do
not require modification as would long-chain or very long-chain fatty
acids and do not require energy for absorption, utilization, or storage
[46, 75]. These factors may contribute to reduce the pressure within
lymph channels [76].

Octreotide has been reportedly successful in treating protein-losing
gastroenteropathy-associated Menetrier’s disease [71], systemic lupus
erythematosis [74], systemic AA amyloidosis [78], primary lymphang-
iectasia [79, 80], secondary lymphangiectasia and cirrhosis [81], and
intestinal radiation injury [82]. Since octreotide reduces microvas-
cular blood flow, dilation of lymphatics may be lessened through
decreased local lymph formation and flow. In addition, the action
of octreotide may act as an immunomodulator through its action
on the somatostain receptor SST2RA, which is located on acti-
vated inflammatory cells [77, 83]. In addition, antiplasmin therapy
has been used successfully to treat primary lymphangiectasia symp-
toms refractory to treatment with MCT’s and octreotide. This halted
intestinal bleeding and improved serum albumin and immunoglobulin
levels [47].

Diuretics typically are not indicated because edema is due to
decreased plasma oncotic pressure; however, diuretics and support hose
may reduce dependent edema from hypoalbuminemia, thereby improv-
ing comfort. Exercise and adequate ambulation should be encouraged
to reduce the risk of distal venous thrombosis, and attention to skin
care is critical to prevent skin breakdown and cellulitis. These mea-
sures do not, in fact, affect enteric protein losses, however, they
can help minimize secondary complications [1]. Although protein-
losing gastroenteropathy occurs in many unrelated diseases, Bode et al.
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used commonalities in clinical observations to identify key players in
its pathogenesis. These include elevated interferon gamma (IFN-γ),
the pro-inflammatory cytokine tumor necrosis factor alpha (TNF-α),
venous hypertension, and the specific loss of heparin sulfate proteo-
glycans from the basolateral surface of intestinal epithelial cells during
episodes of protein-losing enteropathy [84].

Heparin sulfate proteins have large, heavily glycosylated, heparin-
like extracellular domains fixed to the plasma membrane by the protein
itself (syndecans) or by attachment to a membrane glycolipid. Barrier
function is derived from a single layer of surface epithelial cells that
line the vast mucosal surface and adhere to each other to seal the space
between them. For the intestine to efficiently absorb nutrient solutes,
it has to separate the lamina propria from the intestinal lumen. The
proteins joining the membranes between adjacent cells form the inter-
cellular tight junctions, adherens junctions, and spot desmosomes. For
most diffusible solutes, including serum proteins, the nature of these
junctions defines intestinal permeability [84, 85].

Bode et al. used heparin analogues to rescue barrier function in
syndecan-1-deficient mice treated with inflammatory cytokines, while
Liem et al. [86] successfully used albumin infusions followed by
unfractionated heparin to treat a patient with glycosylation type Ib
disorder presenting with edema, diarrhea, hypoalbuminemia, and pan-
cytopenia. A retrospective cohort study of 22 patients with single-
ventricle surgical palliation who developed protein-losing enteropathy
and were treated with heparin indicated that, although subcutaneous
heparin was associated with symptomatic improvement in 76% of
patients, this did not alter or reverse the course of disease for most
patients (82%). Only three of these patients (18%) had complete remis-
sion of their disease after initiation of heparin therapy and were weaned
off heparin without recurrence [49].

Lencer’s analysis of Bode’s heparin analogue study notes that,
when examined with electron microscopy, a breakdown in the inter-
cellular junctions was not demonstrated in syndecan-1-deficient mice
unless they were also treated with the inflammatory cytokines to
induce symptoms of protein-losing enteropathy. As suggested by Bode
et al., it is possible that in the absence of other inciting agents,
the loss of heparin sulfate proteins might cause a defect in barrier
function by a mechanism separate from junction formation or main-
tenance. If so, then heparin sulfate proteins would have to act by
affecting transcellular pathways of protein transport. Although such
pathways exist, they are usually specific for certain proteins, such as the
immunoglobulins [85].
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SUMMARY POINTS AND RECOMMENDATIONS

Protein-losing gastroenteropathy is a syndrome, not a specific dis-
ease. Three distinct physiologic states may result in protein-losing
gastroenteropathy: (1) increased mucosal permeability to proteins as
a result of cell damage or cell loss, (2) mucosal erosions or ulcera-
tions, and (3) lymphatic obstruction. Differential diagnoses other than
gastroenteropathy for low protein states include nephrotic syndrome,
cirrhosis, malignancy, eating disorders including bulimia and anorexia,
malnutrition, and diuretic or laxative abuse. Thus, documentation of
excessive protein loss into the gastrointestinal tract is required for
diagnosis. Plasma clearance of alpha 1-antitrypsin is useful to both to
diagnose and monitor response to therapy, and nuclear imaging may be
useful for these purposes as well. Since loss of serum proteins into the
gastrointestinal tract is independent of molecular weight, so proteins
with limited reproductive capacity are disproportionately lower (e.g.,
albumin and immunoglobulins other than IgE). The goal of therapy in
protein-losing gastroenteropathy is to identify the underlying disease
and thus effectively directs dietary, medical, and surgical interven-
tion, or a combination, toward it treatment. Medium chain triglycerides
can help with nutrition and alleviation of lymphatic obstruction. Most
etiologies of protein-losing disorders of the gastrointestinal tract are
treatable once the cause is diagnosed and may be cured if the underlying
disease state is successfully addressed.
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Summary

This chapter is focused on review of the diagnostic tests and
management of radiation enterocolitis. Radiation enterocolitis can
occur after radiation therapy for urological, gynecological, and gas-
trointestinal cancer. Diarrhea, which is often a dominant symptom,
can develop from a few weeks to many years after radiation treatment
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depending on the severity and the extent of the injury. Radiation
enterocolitis can result in severe refractory diarrhea associated with
progressive weight loss, abdominal pain, and malnutrition. Diagnosis
of radiation enterocolitis can be a challenge. Properly selected radio-
graphic and endoscopic studies allow for detection of subtle changes
in the bowel from radiation. A history of prior radiation is a key
to make the diagnosis, since other conditions can mimic radio-
graphic, endoscopic, and histologic findings of radiation injury.
Management of radiation enterocolitis is directed toward symptoms
control. Surgery may be required if conservative measures fail.

Key Words: Diarrhea, Radiation enteritis, Malabsorption

INTRODUCTION

Radiation enterocolitis is defined as dysfunction of the small and/or
large bowel after receiving radiation therapy for urological, gynecolog-
ical, and gastrointestinal malignancies. Symptoms can develop many
years after radiation treatment and depend on the severity and extent of
the injury. Diarrhea is often a dominant symptom after radiation injury.
Radiation enterocolitis can lead to severe refractory diarrhea associated
with weight loss and malnutrition. Diagnosis of radiation enterocolitis
can be difficult to establish. A history of prior radiation is a key to make
the correct diagnosis. Major progress has been made in the radiographic
and endoscopic evaluation of the small bowel with new diagnostic tools
that can detect even subtle changes occurring secondary to radiation
exposure. Endoscopic examination with biopsy of bowel mucosa may
be non-diagnostic, since other conditions can mimic the endoscopic
and histological findings of radiation injury. Therefore, a high index
of suspicion is needed to establish a diagnosis of radiation enterocol-
itis. This chapter will review diagnostic tests and therapeutic options
available for the management of radiation enterocolitis with focus on
diarrhea.

CLASSIFICATION

The gut epithelium is at higher risk for radiation damage because of
rapid cell turnover. These detrimental effects can be potentiated further
when chemotherapy such as 5-fluorouracil or cisplatin is administered
concurrently [1]. The terminal ileum is particularly susceptible to radi-
ation injury because of its relatively fixed position [2]. Radiation injury
can be limited to the small bowel or colon exclusively or may involve
both, depending on the field of radiation. In some cases the injury may
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involve the rectum only presenting as radiation proctopathy. Radiation
injury can range from acute to subacute or chronic condition. Acute
radiation injury is typically self-limited. It can develop during radiation
therapy and may last for 2 to 6 weeks after its completion. Its severity
is directly related to the dose fractionation, frequency of therapy, field
size, and mode of delivery (i.e., intracavital, brachytherapy, or external
beam therapy) [3]. Symptoms of acute radiation injury include nau-
sea, vomiting, abdominal pain, diarrhea, and tenesmus. Spontaneous
recovery is expected to occur within weeks. Subacute bowel injury is
seen between 2 and 12 months after radiation exposure. Symptoms are
similar to those of acute injury. Chronic injury can overlap partially
with subacute type and can develop from 6 months to 25 years follow-
ing radiation. However, the majority of patients become symptomatic
within 1–2 years after completion of radiation therapy. Patients who
received a total dose of radiation greater than 5,000 rad or 45–50 Gy
are at greatest risk of chronic radiation enteritis [3]. Chronic radia-
tion enterocolitis is a result of obliterative endarteritis and intestinal
ischemia leading to mucosal ulcerations, fibrosis, stricture, and fistula
formation [1]. Radiation effects are often irreversible and permanent
at this point. Chronic radiation enteritis can lead to complications
including: bowel perforation, ulcerations, gastrointestinal bleeding, fis-
tulae or strictures, and refractory diarrhea [3]. Characteristic features of
radiation injury are summarized in Table 8.1.

Table 8.1
Characteristics and pathophysiology of radiation injury to the bowel

Type of
injury Timing Histopathologic findings Recovery

Acute 2–6 weeks Hyperemia, edema,
ulcerations
inflammatory cell
infiltration of the
mucosa

Majority fully
reversible

Subacute 2–12 months Obliteration of
submucosal arterioles,
intestinal ischemia

Usually progresses
to chronic

Chronic 6 months to
25 years

Obliterative endarteritis,
mucosal ulceration,
fibrosis, and wall
thickening

Often permanent
damage,
symptomatic
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RISK FACTORS FOR RADIATION-INDUCED
GUT INJURY

There is a narrow safety margin between the desired tumoricidal dose
and the maximum dose of radiation tolerated by normal gut tissue.
Approximately 5,000 rad are required for sterilization of the micro-
scopic cancer [4]. The maximum safe, tolerable dose of radiation is
4,500 rad by the small bowel and 5,500 rad for the rectum, when deliv-
ered over 4- to 6-week period. The incidence of serious gut injury
increases greatly when the radiation dose exceeds 5,000 rad. In addi-
tion to the radiation dose, major risk factors for bowel injury include
severe acute radiation enteritis, frequent radiation schedule, site of
intestinal radiation, and the presence of intestinal adhesions that limit
bowel mobility [4]. Additional risk factors include advanced age, thin
body habitus, female sex, comorbidities (diabetes, hypertension, and
vascular disease), tobacco abuse, prior abdominal surgery, and concur-
rent chemotherapy. As part of a patient’s evaluation, a past record of
radiation exposure should be accounted for to determine the total dose
and exposure area of radiation.

INCIDENCE AND CLINICAL PRESENTATION

The exact incidence of radiation enterocolitis remains controversial.
The incidence is expected to be on the rise [5]. Radiation enteritis has
been reported in 2–17% of patients after abdominal or pelvic radiother-
apy [6, 7]. The prevalence varies between 0.5 and 37 % and has been
underestimated largely due to lack of clinical recognition [4].

Symptoms of radiation enterocolitis may include bloody or non-
bloody diarrhea, intermittent colicky abdominal pain, cramping,
tenesmus, abdominal distension, vomiting, and weight loss. Bowel
obstruction, fistulas, bowel perforation, and massive gastrointestinal
bleeding are less common but serious and life-threatening complica-
tions [8]. Massive nutrient, fluid, and electrolyte losses can be seen
with fistulizing disease. Diarrhea and malnutrition may be presenting
symptoms. Diarrhea is typically multifactorial in nature. (See Table 8.2)
It can result from impaired bile acid absorption which can be seen in
radiation ileitis or after distal ileal resection. Steatorrhea secondary to
fat malabsorption can develop due to bile acid depletion from interrup-
tion of hepato-enteric circulation of bile acids following long segment
resection of terminal ileum. Patients are at risk for small bowel bacterial
overgrowth (SBBO) because of impaired intestinal motility, stasis due
to strictures, or loss of the ileocecal valve. The incidence of SBBO in
patients with radiation enteritis is unknown. Altered bowel motility is
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Table 8.2
Mechanisms of diarrhea in radiation enterocolitis

Cause Treatment

Malabsorption Jejunal/ileal resection

Diseased long segment of
small bowel

Bile acid deficiency (ileal
resection >100 cm)

Nutritional
supplements

Parenteral Nutrition
(PN)

Bile acid diarrhea Terminal ileum (TI)
involvement by disease

Ileal resection > 50 cm

Cholestyramine,
colestid,

Other bile acid
absorbents

Small bowel bacterial
overgrowth

Small bowel stasis/
dysmotility

Strictures
Resection of the terminal

ileum and IC valve

Antibiotics

Probiotics

Motility disorders Fibrosis, strictures,
TI resection

Prokinetics

Fistula Mucosal wall damage

Bypass of normal bowel

Surgery with or
without PN

Stricture Mucosal wall damage Surgery with or
without PN

Short gut syndrome Massive resection of small
bowel or proximal fistula

PN

seen due to strictures, diffuse wall fibrosis, or loss of the ileocecal valve
(loss of inhibitory reflex). Shortened bowel following multiple bowel
resections and entero-enteric fistulas can contribute to diarrhea. Large
bowel involvement by radiation injury is associated with impaired water
absorption and diarrhea [9]. Patients with radiation proctopathy may
have diarrhea and fecal urgency. Because of limited rectal storage
capacity, patients suffer from frequent, urgent small stools, or even fecal
incontinence. Diarrhea can lead to dehydration, electrolyte abnormali-
ties (sodium, potassium, and magnesium), vitamin deficiencies (B12
and fat soluble vitamins), weight loss, and malnutrition. Patients may
limit their oral intake intentionally to avoid diarrhea, which leads to
progressive weight loss. Iron deficiency anemia can develop secondary
to malabsorption and slow gastrointestinal blood loss.
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DIAGNOSTIC WORKUP

The diagnosis of radiation enterocolitis is based on clinical features
combined with radiologic and/or endoscopic findings in patients who
have a history of prior radiation exposure. Diagnosis can be estab-
lished after the exclusion of other causes of gastrointestinal disease.
Recurrence of the original tumor or development of a new tumor
must be ruled out. The differential diagnosis of radiation-induced diar-
rhea and chronic enterocolitis includes Crohn’s disease, ulcerative
colitis, lymphoma, infection (tuberculosis), ischemic colitis, malab-
sorption syndrome, intestinal pseudo-obstruction, ulcerative jejunitis,
celiac disease, and metastatic disease. Radiologic and endoscopic tests
are important in confirming the diagnosis.

RADIOLOGIC TESTS

Identification of disease is more difficult in milder forms of radia-
tion enteritis. Standard radiological tests for the evaluation of radiation
enterocolitis include small bowel series, enteroclysis, barium enema,
and computed tomography (CT). Newer diagnostic tools include CT
enterography and magnetic resonance (MR) enteroclysis. A small
bowel series is a useful initial test allowing for the detection of strictures
and fistulas, but its sensitivity is low. Small bowel enteroclysis provides
more detailed visualization of the small bowel mucosa and can reveal
submucosal thickening, stenoses, and sinus or fistula tracts. Its sensi-
tivity and specificity for radiation enteritis has not been well defined.
Enteroclysis requires administration of contrast through a nasoenteric
tube. This test is quite uncomfortable for the patient and it is avail-
able in only a few centers. It has been replaced by newer radiographic
tests. CT scan can reveal thickening of bowel segments, fistulas, and
strictures, but these findings are often nonspecific. CT scan is useful
in distinguishing strictures from radiation enteritis and those arising
from abdominal metastases or a local recurrence [10]. CT enterogra-
phy is expected to be more sensitive for detection of radiation-related
lesions but no data is available since this technique is relatively new.
Magnetic resonance enteroclysis is the preferred radiologic method for
the small bowel evaluation, but its use is limited by availability and
cost [11]. It permits more detailed visualization of strictures, fistulas,
or adhesions in radiated areas. Barium enema or virtual colonoscopy
can be performed for colon involvement if colonic strictures are found
or when colonoscopy is not feasible or incomplete. The role of vir-
tual colonoscopy needs to be clarified in the evaluation of radiation
colitis.
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ENDOSCOPIC PROCEDURES

Prior to 2001, the endoscopic evaluation of the small bowel was limited
to the proximal 100–120 cm. Introduction of video capsule endoscopy
(VCE) and double balloon enteroscopy (DBE) began a new era in
the detection of small bowel lesions including those that are radiation
related [7]. Limited data is available pertaining to the diagnostic workup
of radiation enteritis. Prior to VCE, small bowel series or a patency cap-
sule should be considered to exclude strictures given the higher risk of
capsule retention in the intestine. A major limitation of VCE is that it
does not permit biopsies of the lesions found. DBE allows for biopsies
of the small bowel lesions and helps differentiate radiation injury from
that caused by malignancy, lymphoma, Crohn’s disease, or tuberculosis
[12, 13].

Endoscopic findings of chronic radiation exposure include an edema-
tous, pale, hemorrhagic, friable, firm mucosa with ulcerations, erosions,
telangiectasias, and neovascularization with serpiginous vessels. These
findings are often nonspecific. Colonic and terminal ileum involvement
can be confirmed by colonoscopy. Endoscopic findings can resemble
those of inflammatory bowel disease (IBD), ischemia, or infectious
colitis. Mucosal biopsies can help exclude those conditions. Special
caution should be taken when performing colonoscopy in patients with
radiation injury. These patients are at higher risk for colonic perforation
as a friable, stiffer bowel wall develops after exposure to radiation.

Surgically obtained gross and microscopic pathology specimens can
provide the most reliable information pertaining to radiation-related
injury, but may still be non-diagnostic. The small bowel and colonic
mucosa is flattened, atrophic with microscopic and macroscopic ulcer-
ations. The ulcers may extend through the submucosa. Telangiectatic
vessels in the submucosa, a hyalinized fibrotic lamina propria, and
absence of lymphatic tissue can be seen. The serosa is typically fibrotic
and thickened with obliteration of the arterioles and small arteries, con-
sistent with an obliterating endarteritis. Occlusion of the vessel lumen
by fibrin plaques and fibrosis in small arteries and elastin and fibrin
thrombi in smaller vessels can be identified. Subintimal foam cells are
pathognomonic for radiation enteritis [13].

OTHER TESTS

The workup of diarrhea in suspected radiation enterocolitis is shown
in Fig. 8.1. Fecal leukocytes and the D-xylose absorption test are often
positive in radiation enteritis. Since patients have an inflammatory type
of diarrhea, leukocytes are seen in the stool. Low concentrations of
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Small bowel series

CT scan of abdomen

CT enterography

MRI enterography Colonoscopy with biopsies

Stool studies:

Ova and paracytes

Fecal WBC

Hemoccult test

 

VCE

DBE with biopsies

Colonoscopy with TI exam
and biopsies 

Radiation  enteritis Radiation colitis

CT scan of abdomen
Barium enema 

Additional tests:

Lactulose breath test or
duodenal aspiration (SBBO)  

Fecal fat 72-hour stool
collection 

Laboratory tests:

CBC, CMP, CRP, celiac
panel 

Vitamin B12, folate, fat
soluble vitamins 

Fig. 8.1 Diagnostic tests in suspected chronic radiation enterocolitis and
diarrhea.

D-xylose in blood and/or urine due to impaired absorption are found
with the D-xylose absorption test. A lactulose breath test can be per-
formed to confirm bacterial overgrowth. However, there is conflicting
data about the test’s sensitivity. If the breath test is not diagnostic, a
sample of small bowel lumen aspirate can be obtained to determine bac-
terial count. Documentation of bacterial overgrowth is important before
the initiation of antibiotic therapy. A 72-h stool collection for fecal fat
can be performed to document steatorrhea. This test cannot, however,
differentiate between fat malabsorption and maldigestion.

PREVENTION

At present, preventive measures taken during radiation therapy are
the primary aim in order to reduce the risk of developing chronic
radiation enteritis. Patients with severe acute injury have higher
risk of progression to chronic disease months after radiation [14].
Prevention or amelioration of the initial acute phase is key. Advances
in radiotherapy techniques allowed for reduction in radiation dose,
field of exposure, and the amount of radiated noncancerous tissue.
Brachytherapy decreases the radiation field since the radiation source
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is implanted in or near the tumor. However, the combination of exter-
nal beam radiotherapy (EBRT) and brachytherapy has been associated
with increased morbidity and radiation toxicity when compared to
brachytherapy alone [15]. Three-dimensional conformal radiotherapy
(3DCRT) allows for the differentiation of the tumor from the adjacent
tissues with a focused radiation beam [16]. Intensity-modulated radi-
ation therapy (IMRT) uses a specialized CT software to increase the
precision of the radiation doses by using high- and low-intensity beams
within the same field and significantly reduces the incidence of acute
toxicity [17].

Several drugs have been studied in the prevention and reduction of
radiation injury. Amifostine, a precursor drug, is phosphorylated by
alkaline phosphatase into the thiol metabolite WR-1065 and acts as a
radioprotective agent by binding to free radicals. In clinical studies,
amifostine has reduced the toxic effects of radiation [18].

Probiotics have been evaluated in the prevention and manage-
ment of radiation damage [19]. Their mechanism of action remains
unknown. Lactobacilli species produce exopolysaccharides, which
have anti-inflammatory properties and down-regulate the severity of
inflammation after radiation exposure [20]. In a double-blind placebo
controlled study, a high-potency probiotic preparation, VSL#3, was
given to 490 patients and significantly reduced post-radiation diarrhea
[21]. The effects of probiotics on the prevention of radiation injury are
controversial. Sucralfate is an aluminum–sucrose sulfate complex that
binds with proteins in an acidic environment and serves as buffer, a
cytoprotectant. It can also stimulate synthesis of prostaglandin E 2 [22].
In an experimental model in rats, sucralfate was associated with a reduc-
tion of radiation-induced apoptosis in colonic crypt cells and diarrhea
[23]. Its use in the clinical setting is still controversial [24].

Mesalamine, 5-aminosalicylic acid (5-ASA), has anti-inflammatory
properties including inhibition of leukotrienes, thromboxanes and
interleukin-1, and scavenging-free radicals [25]. Prodrugs, sul-
fasalazine and balsalazide, have similar anti-inflammatory effects
like 5-ASA, but sulfasalazine also stimulates the production of
prostaglandins [26]. In the clinical setting, the use of sulfasalazine
and balsalazide as prophylaxis was associated with a reduction of
post-radiation diarrhea [27, 28]. No beneficial effects were seen with
mesalamine compared to sulfasalazine and balsalazide, for which the
reason remains unclear [29].

The use of nutritional supplementations (glutamine, vitamin E, sele-
nium, and vitamin C), prostaglandin E2 and prostaglandin analogs,
insulin-like growth factor, glucagon-like peptide, and non-steroidal
anti-inflammatory drugs are novel approaches that have been supported



150 Lurix et al.

Table 8.3
Preventive measures in radiation enteritis

• Radiotherapy techniques (brachytherapy, 3DCRT, IMRT)a

• Amifostine
• Probiotics (Lactobacillus sp.)
• Sucralfate
• 5-ASA (sulfasalazine, balsalazide)
• Miscellaneous (nutritional supplements, biological agents, prostaglandins,

non-steroidal anti-inflammatory drugs, octreotide)

a3DCRT, three-dimensional conformal radiotherapy; IMRT, intensity-modulated
radiation therapy

by findings in experimental animal models. However, their use in
human subjects has not been validated [30]. Preventive measures that
can be taken are summarized in Table 8.3.

MEDICAL THERAPY

Since the hallmark of chronic radiation enteritis is irreversible bowel
ischemia and fibrosis, once established, the therapeutic goals are aimed
toward control of symptoms. Conservative therapy should be consid-
ered if possible. Several strategies have been recommended, but most
of the evidence is limited to case reports, uncontrolled studies, or stud-
ies with a small number of subjects. The therapy should focus on
improving the quality of life. Table 8.4 lists some of the available med-
ical therapies which are being used in patients with radiation-induced
diarrhea.

Table 8.4
Medical therapy in radiation-induced diarrhea

• Diet modifications (low fiber, lactose-free diet)
• Antidiarrheal drugs (loperamide)
• Cholestyramine
• Octreotide
• Hyperbaric oxygen therapy
• Pentoxifylline and tocopherol

Diet
Dietary modifications are important. However, there is no specific diet
shown to alleviate the symptoms. A high fiber diet should be avoided
since it may worsen the diarrhea and urgency. This diet should also
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be avoided in patients with obstructive symptoms as well. Instead a
low fiber diet should be recommended. Some patients may develop lac-
tose intolerance, which can be also caused by small bowel bacterial
overgrowth. Lactose avoidance may help in reduction of diarrhea and
bloating [31].

Caloric Supplements
Oral supplements have not been evaluated in prospective studies in
patients with radiation diarrhea. Providing caloric supplements appears
to be reasonable for patients with weight loss and diarrhea. If polymeric
formulas (Ensure or Boost) are not tolerated, elemental formulas should
be considered. The use of caloric supplements may be limited by their
taste and adverse effects (bloating and diarrhea).

Antidiarrheal Drugs
Since diarrhea is often the dominant symptom experienced, antidiar-
rheal agents play an important therapeutic role. Loperamide has been
used with success in radiation-induced diarrhea for 40 years [32]. In a
crossover trial, Yeoh et al. has showed that loperamide could decrease
the frequency of bowel movements significantly, slow down intestinal
transit, and improve bile acid absorption in patients with post-radiation
diarrhea [33]. Unfortunately abdominal bloating and nausea can limit
the use of loperamide. Antidiarrheal agents should not be used in
patients with suspected strictures and bowel obstruction.

Antibiotics and Probiotics
If bacterial overgrowth is suspected, a trial of antibiotics for 7–10 days
may reduce symptoms including diarrhea. Establishing a diagnosis of
SBBO may be important, since antibiotics can also cause diarrhea
and abdominal pain. More than one antibiotic may be needed, and
repeated courses of antibiotics may be required including cyclic ther-
apy. Consideration may be given to the newer non-absorbable antibi-
otic, rifaximin, 200 mg three times daily for 10–14 days. However, its
cost may be a limiting factor.

Efficacy of probiotic supplementation has been shown in the pre-
vention and treatment of radiation-induced diarrhea in animal models.
Probiotics have proven beneficial in a subgroup of patients with
radiation-related diarrhea. However, a recent meta-analysis of four ran-
domized controlled trials of probiotics in radiation-induced diarrhea did
not show an overall benefit despite significant effects in some of the
individual studies [34]. In three studies involving 632 patients prophy-
lactic (pretreatment) use of probiotics was analyzed, while one study
evaluated their role in the therapy of radiation enteritis.
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Prednisone and 5-ASA Drugs
The role of prednisone in treatment of radiation diarrhea has not been
well defined. A pilot study suggested a possible benefit of combination
of sulfasalazine with oral prednisone [35]. No large studies with either
of these drugs have been published. The results from controlled clinical
trials evaluating mesalazine or sulfasalazine in the prevention of acute
radiation injury have been discordant as mentioned in an earlier section
[27–29].

Pentoxifylline and Tocopherol: Pentoxifylline in combination with
tocopherol has been shown to reduce the severity of symptoms signif-
icantly in patients with radiation enteritis [36]. Pentoxifylline, a phos-
phodiesterase inhibitor, has antithrombotic and vasodilatory properties,
while it also decreases blood viscosity. It also has immunomodulatory
effects by reducing production of inflammatory cytokines. Severe nau-
sea from pentoxifylline may preclude its use [37]. Tocopherol, a form
of vitamin E, has antioxidant properties with scavenging of hydroxyl
radicals. Based on retrospective data, patients may need more that
6 months of therapy before having symptom relief [36].

Hyperbaric Oxygen
Hyperbaric oxygen (HBO) improves tissue perfusion by induction of
neoangiogenesis and inhibits bacterial growth and toxin production
[30]. In an experimental model, the use of HBO resulted in less sig-
nificant bowel wall fibrosis [38]. HBO therapy has been beneficial in
radiation proctopathy, reduction of acute radiation injury, and closure
of fistulae [39]. The limitations of HBO include the costs and its limited
availability to only a few specialized centers.

Octreotide
Therapeutic properties of octreotide, somatostatin analogue, include the
regulation of gastrointestinal hormones and inhibition of gastrointesti-
nal motility [40]. In patients with radiation-induced diarrhea, octreotide
has been shown to cause resolution or improvement in the diarrhea,
including those patients with diarrhea refractory to loperamide [41].

Cholestyramine
Cholestyramine, a non-absorbable resin, binds bile acids and has been
proposed as therapy for radiation-induced bile acid diarrhea [42]. Its
beneficial effects have been limited by its side effects. Cholestyramine
is not recommended as a sole therapy for radiation-induced diarrhea
[43, 44].
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PARENTERAL NUTRITION

In patients with severe chronic radiation enterocolitis, parenteral nutri-
tion (PN) plays a major role when conservative therapy fails. Patients
with severe malnutrition, fistulizing disease, non-correctible surgically
strictures, refractory diarrhea, and short bowel from massive gut resec-
tions will require short- or long-term PN. Chronic radiation enteritis
is the third most frequent indication for PN in patients with intestinal
failure after ischemic bowel disease and neoplasm [45]. PN therapy
for patients with radiation enteritis accounts for 14.2% of all home
PN cases [45]. In a large series, the PN was initiated after a median
of 20 months from radiation therapy and it was required for a median
20 months [46]. The estimated cumulative survival of patients on par-
enteral nutrition was 76% at 1 year and 64% at 5 years. Most early
deaths resulted from cancer recurrence. PN allows to correct nutritional
deficiencies, electrolyte abnormalities, and maintain weight [47]. In
patients with moderate to severe malnutrition, surgery should be prefer-
entially done after a period of nutritional rehabilitation to reduce peri-
operative morbidity and mortality. Therefore, preoperative PN should
be considered in patients with malnutrition, serum albumin less than
3 gm/dl and absolute lymphocyte count less than 2,000 mm3/dL [48].
PN has no role in closing radiation-induced fistulas [49].

SURGERY

Surgery for radiation enteritis can be challenging because of dif-
fuse adhesions and fibrosis, which can make a resection difficult, the
need for extensive resection resulting in short gut, and the high risk
of anastomotic leak. Therefore, surgery should be avoided if possi-
ble. Unfortunately serious complications of severe radiation enteritis
such as strictures, fistulas, bowel perforation, and GI bleeding often
need to be managed surgically. Diarrhea is rarely the primary indica-
tion for surgery except for patients with diarrhea and short segment
strictures. Approximately 30–40% of patients with chronic radiation
enteritis require surgery [45]. In a large retrospective study including
14,791 patients who were treated with pelvic radiotherapy and followed
for 10 years, only 48 required surgical intervention [50]. Common
surgical indications were unresolving bowel obstruction, intestinal fis-
tulas, and massive adhesions. Surgical mortality has been reported
between 5 and 22 % and morbidity as high as 30–50% [51]. Surgery
in patients with radiation enteritis can be technically difficult and may
lead to further intra-abdominal complications including re-fistulization
and intra-abdominal sepsis [49]. Many patients require more than one
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surgical intervention. Bowel resections are associated with a lower
reoperation rate and a better 5-year survival, but a higher postopera-
tive mortality when compared to other surgical techniques [52]. Patients
with refractory radiation enteritis requiring surgical intervention are
best managed by bowel resection with re-anastomosis if feasible, fol-
lowed by intestinal bypass if necessary. Diversion with proximal stomas
or exclusion should be attempted as a last resort [45].

CONCLUSION

In summary, radiation enterocolitis is a challenging condition to diag-
nose and manage. Diarrhea is a common and often a dominant symptom
of chronic radiation enterocolitis. Diagnostic workup requires selected
radiologic and endoscopic studies to confirm the diagnosis and exclude
recurrent or new malignancy. Endoscopic and radiologic findings can
overlap with other conditions including inflammatory bowel disease,
lymphoma, chronic ischemic bowel making the diagnosis more diffi-
cult to establish. Standard workup for diarrhea should be performed to
exclude other treatable disorders. Diarrhea can result in serious compli-
cations including dehydration, electrolyte and vitamin deficiencies, and
severe malnutrition. An understanding of the mechanisms responsible
for diarrhea can help with selection of appropriate therapy. In patients
with refractory diarrhea and malnutrition a decision has to be made
regarding long-term parenteral nutrition versus an attempt at surgical
intervention. Surgery should be considered for patients with persistent
bowel obstruction, enterocutaneous and entero-enteric fistulas leading
to intestinal failure. Further prospective clinical studies are needed for
newer regimens such as probiotics, rifaximin, and new 5-ASA prod-
ucts in radiation-induced diarrhea. Research on mechanisms related to
fibrogenesis may help to develop effective therapeutic agents to reverse
disease progression.
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Summary

Disorders of digestion and/or absorption of any of the major nutri-
ent forms (carbohydrates, proteins, and lipids) can result in clini-
cal symptoms of diarrhea or steatorrhea. Congenital and heritable
genetic conditions associated with nutrient maldigestion and mal-
absorption are described below. A classification of such disorders,
their genetic bases, and their clinical manifestations is presented in
Table 9.1.
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DISORDERS OF CARBOHYDRATE ASSIMILATION

The digestion of carbohydrates involves both luminal and mucosal
digestion. Starch polysaccharides are initially digested within the lumen
of the gastrointestinal tract via the enzymatic action of salivary and
pancreatic amylase. Terminal digestion of oligosaccharides and dis-
accharides (lactose, sucrose, maltose, isomaltose, and trehalose) is
completed by the brush-border membrane hydrolases of the intesti-
nal cells lining the small intestinal mucosa prior to absorption of the
resulting monosaccharides (glucose, fructose, galactose). In disorders
of both carbohydrate digestion and absorption, non-absorbed carbohy-
drate molecules pass from the small intestine into the colon resulting in
an osmotic diarrhea.

Congenital Lactase Deficiency
Lactose is one of the most common disaccharides in the human diet and
is composed of glucose and galactose linked by a α-(1,4)-glycosidic
bond. Lactose represents the principal sugar in milk, including mater-
nal breast milk, standard infant formula, and cow’s milk. Consequently,
congenital lactase deficiency (OMIM #223000) presents in the imme-
diate neonatal period as persistent diarrhea. Symptoms often present as
early as 30 min after feeding, and typically include abdominal pain,
distension, and increased flatulence in addition to the diarrhea.

Although relative lactose intolerance and secondary lactase defi-
ciency from acquired inflammatory conditions are common, congenital
lactase deficiency is rare. First described in the 1950s as a cause of
neonatal failure to thrive and persistent diarrhea with lactose malab-
sorption, Levin et al. demonstrated in 1970 the histologic absence
of lactase in these children [1]. Savilahti et al. reported on a large
series of Finnish children with this condition, including many sib-
lings, and currently it is believed to occur almost exclusively within
Finland or amongst people of complete Finnish descent [2]. Utilizing
this cohort, the gene encoding lactase-phlorhizin hydrolase (LPH) was
mapped to 2q21 [3]. LPH is a 145-kDa enzyme that hydrolyzes the
β-(1,4)-glycosidic bond of lactose to yield glucose and galactose and
five mutations in the LCT gene encoding LPH have been discov-
ered. An analysis of 32 patients with congenital lactase deficiency
found nearly 85% are homozygous for a specific nonsense mutation
in a highly conserved residue while the remaining 15% are compound
heterozygotes [4].

The diagnosis of lactose intolerance, like most disorders of carbohy-
drate digestion, can be made on clinical grounds in the patient whose
symptoms develop following the initiation of a lactose-containing
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diet and resolve when lactose is removed. Disorders of carbohydrate
malabsorption can be detected by measuring stool pH and reducing sub-
stances; in the presence of nondigested sugars, colonic bacteria convert
these sugars to organic acids that decrease stool pH and increase the
measured reducing substances. Similarly, carbohydrate breath hydro-
gen testing can be used to differentiate between lactose, sucrose,
glucose, and fructose malabsorption. By providing the older patient
with a lactose load of 2 g/kg of bodyweight up to 25 g, malabsorbed
lactose will be converted to hydrogen and an increase of greater than
20 ppm suggests lactose intolerance [5]. Genetic analyses or intesti-
nal biopsies with immunohistochemical staining are rarely indicated,
although the latter can be helpful in differentiating between isolated
lactase deficiency and other malabsorptive disorders.

Treatment of congenital lactase deficiency involves cessation of all
lactose-containing products from the infant’s diet and using either soy-
based or rice-based formulas instead. Subsequently, small amounts
of lactose may be reintroduced in the presence of an oral lactase
replacement.

Adult-Type Hypolactasia
While congenital lactase deficiency is rare, developmental lactase non-
persistence (adult-type hypolactasia) resulting from genetic hard-wiring
occurs such that most people experience a maximal lactase production
at birth that declines in childhood or adolescence. Indeed, the majority
of individuals from African, Arab, and Hispanic descent and in the near
totality of individuals from Asian descent experience lactase nonper-
sistence whereas the prevalence of lactase deficiency among Europeans
is <5%. As such, lactase nonpersistence is a normal physiologic pro-
cess while hereditary persistence of intestinal lactase is the result of a
dominant gene mutation.

Clinically, adult-type hypolactasia is characterized by development
of abdominal discomfort, flatulence, and diarrhea following lactose-
containing foods. Symptoms may begin in childhood or may not be
noted until adulthood. The amount of lactose tolerated varies according
to the individual and in general there is not believed to be a correlation
with measured lactase levels from jejunal biopsies and the degree of
tolerance to a lactose challenge [6].

Diagnosis can frequently be made by clinical history and a trial
of a lactose-free diet. Stool pH and reducing substances will suggest
carbohydrate malabsorption but are nonspecific for lactose. Lactose
challenge tests as well as a breath hydrogen test using 2 g/kg (up
to 50 g) are the primary means of diagnosing lactose intolerance.
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Additionally, diagnosis can be made by jejunal and duodenal biop-
sies that demonstrate enzyme activity of less than 0.7 U/g wet
weight [7].

Treatment depends on avoidance of dairy and individuals can titrate
how much lactose-containing foods they should consume based on their
symptom tolerance. Alternatively, lactase-containing dairy products or
supplements are readily available. Yogurt might be better tolerated
since Lactobacillus bulgaricus and Streptococcus thermophilus con-
tain lactase. Hard cheeses are lower in lactose than other cheeses
and may be better tolerated than soft cheeses. Additionally, because a
risk of osteoporosis is increased in individuals with adult-type hypo-
lactasia, calcium and vitamin D supplements may be necessary as
well [8].

Sucrase–Isomaltase Deficiency
Sucrose is a disaccharide composed of glucose and fructose that are
linked by an α-glyocosidic bond and represents an important source
of carbohydrates found in fruits. Intestinal digestion depends on the
enzyme sucrase–isomaltase and mutations in the allele encoding this
protein lead to a condition of malabsorption and diarrhea. Sucrase–
isomaltase represents the most abundant glycoprotein on the apical
brush-border membrane of the epithelial cells in the small intestine
[9]. The gene encoding the sucrase–isomaltase enzyme, the SI gene,
has been mapped to 3q25-q26 and inheritance of two mutant alleles
leads to the autosomal recessive condition. Multiple mutations have
been described with a variety of phenotypic consequences including
alterations in transport from the endoplasmic reticulum to the Golgi
apparatus to the cell membrane, incorrect and random distribution of
the enzyme on the apical and basolateral cell surface, and diminished
enzyme activity.

Homozygous carriers of mutations in the SI gene have been described
in 0.2% of individuals of European descent and up to 5% of indigenous
people from Greenland [10, 11].

Patients with sucrase–isomaltase deficiency typically present in
infancy following introduction of fruits and juices [10]. Because the
sucrose molecules (like lactose) cannot be proximally digested and
absorbed, these molecules provide an osmotic force that brings water
into the gut lumen causing a malabsorptive diarrhea. At the same time,
these sugars can be utilized by colonic bacteria providing a rich source
for the fermentation of gas and the presence of reducing substances
in the form of short-chain fatty acids. In addition to diarrhea and flat-
ulence, the malabsorption can lead to failure to thrive, irritability, and
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vomiting. Older children may present with diarrhea alone or an irritable
bowel picture.

Diagnosis should be suspected in the infant or toddler whose diarrhea
commences with introduction of fruit juice. Stool pH less than 6.0 and
the presence of reducing substances may be suggestive but these find-
ings are not specific for sucrose malabsorption. Hydrogen breath testing
can be used and rise of 20 ppm over baseline 90 and 180 min after a
2.0 g/kg load would be indicative of sucrose intolerance. Similarly, a
failure to raise blood glucose at least 20 mg/ml after a 2.0 g/kg oral
challenge suggests a deficiency in sucrase–isomaltase. Lastly, sucrase
activity from intestinal biopsies can be measured.

Dietary sucrose restriction is a suitable and effective means of
treatment; the exact amount of sucrose that is tolerated depends on
the patient. Starch and glucose polymers, which depend on isomal-
tase activity, should also be restricted. Lyophilized baker’s yeast from
Saccharomyces cerevisae contains sucrase activity and supplementa-
tion with sacrosidase, a beta-fructofuranoside fructohydrolase produced
from the yeast, has been shown to decrease symptoms [12].

Glucose–Galactose Malabsorption
Glucose, galactose, and fructose represent the principal monosaccha-
rides in the mammalian diet and are the products of luminal and
membrane-bound hydrolysis of starches and sugars in the small intes-
tine. Glucose–Galactose malabsorption (GGM; OMIM #182380) is
an extremely rare autosomal recessive disorder characterized by diar-
rhea, dehydration, and failure to thrive. Glucose and galactose are
cotransported with sodium by SGLT1 (sodium glucose transporter 1),
alternatively named SLC5A1 (solute carrier family 5, member 1), and
the gene encoding this protein is localized to 22q13.1 [13, 14]. This
664 amino acid protein contains 12 transmembrane spanning domains
that are localized to the apical membrane of intestinal epithelial cells.
Utilizing the electrochemical gradient generated by a Na+/K+-ATPase
on the basolateral surface of enterocytes, the low intracellular sodium
levels allow for the “active” transport of glucose and galactose to be
coupled to the passive transport of sodium across the apical surface.
One molecule of glucose or galactose is transported for every two
molecules of Na+.

Since lactose is the primary sugar in breast milk and standard formu-
las, GGM usually presents in the first few days or weeks with severe
diarrhea, dehydration, and acidosis which can be life threatening if
untreated. Diagnosis is supported by normal intestinal biopsies, includ-
ing those utilizing electron microscopy. Stool studies will be significant
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for an osmotic diarrhea. Stool studies are not specific for GGM, but the
stool pH is typically less than 5.3 and is positive for reducing substances
suggesting the presence of short-chain fatty acids produced by bacterial
fermentation of unabsorbed monosaccharides. Hydrogen breath testing
has also been used as well to diagnose glucose/galactose intolerance
alongside fructose tolerance [15]. Genetic testing is not commercially
available.

In addition to age of presentation and severity of dehydration, diag-
nosis would be supported if symptoms resolve after cessation of glucose
and galactose, including lactose, from the diet. At the same time, these
sugars are found in nearly all formulas commercially available in the
United States, as well as pedialyte. The only readily available alterna-
tive for enteral nutrition in GGM is Ross Carbohydrate-Free formula,
as well as modular formulas, and this intervention is diagnostic and
therapeutic.

Fructose Malabsorption
Fructose (primarily derived from its sucrose derivative) is the princi-
pal monosaccharide of fruit and fruit juice. Although toddler’s diarrhea
from large quantities of juice is considered to be partly due to fruc-
tose intolerance, there appears to be an autosomal recessive condition
of isolated fructose malabsorption. The exact mechanism of fructose
absorption, however, has not been elucidated and a specific genetic
defect is unknown. GLUT5 is able to transport fructose across the api-
cal cell membrane of enterocytes [16, 17]. However, evidence exists
that GLUT2 and GLUT7 may be important transporters for fructose as
well [18, 19]. No relationship between toddler’s diarrhea and mutations
in GLUT5 have been demonstrated.

Clinically, isolated fructose malabsorption presents similarly to other
forms of carbohydrate malabsorption and includes diarrhea, flatulence,
and abdominal pain following a fructose load. Symptoms are dose
dependent.

A fructose elimination diet is diagnostic and therapeutic.
Additionally, hydrogen breath testing can be performed using
fructose at 1 g/kg up to 25 g [5]. Stool pH and reducing substances
will be abnormal but are nonspecific. Intestinal biopsies would reveal
normal levels of other enzymes involved in carbohydrate metabolism.

Fanconi–Bickel Syndrome
Fanconi–Bickel syndrome (FBS) is a rare, autosomal recessive disorder
(OMIM #227810) characterized primarily by excessive glycogen
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storage in the kidney and liver, although failure to thrive and
carbohydrate malabsorption are frequently seen as well [20]. As a con-
sequence of increased urinary losses of glucose, amino acids, protein,
phosphate and calcium, patients develop hypoglycemia, poor weight
gain, short stature, and rickets. Hepatomegaly is also evident but
progression to renal insufficiency does not occur.

Patients with FBS are found to have mutations in GLUT2, a facil-
itative glucose transporter expressed in hepatocytes, beta cells of the
pancreas, as well as in the intestine and lumen [21]. Although the
exact pathophysiology is not well understood, it is believed that there
is diminished transport and uptake of glucose into the liver and entero-
cytes, as well an impairment in the glucose-sensing mechanism in the
pancreas. Consequently, elevated serum glucose and galactose that is
observed in the fed state may be in part explained by impaired uptake
of carbohydrate into the liver as well as by inappropriately low levels of
insulin for the degree of hyperglycemia [22]. Likewise, hypoglycemia
results from a failure to transport glucose out of hepatocytes during
fasting.

In addition to genetic testing, the diagnosis can be suspected in
individuals with glucosuria, aminoaciduria, phosphaturia, and calciuria
with associated hypo/hyperglycemia and hepatomegaly. Diagnosis can
also be supported by histologic findings of excessive glycogen stores
from small bowel and liver biopsies. Treatment involves replace-
ment of electrolyte losses as well as use of a diabetes-like diet with
small frequent meals, careful monitoring of glucose, and supplemental
insulin. Alternatively, the use of cornstarch or fructose may provide an
alternative and stable source of carbohydrate.

DISORDERS OF PROTEIN ASSIMILATION

The digestion of dietary protein is a multi-step process beginning in
the stomach with the conversion of polypeptides into smaller subunits.
This initial hydrolysis is predominantly orchestrated by pepsinogen, a
protease produced by chief cells in the stomach that secrete the inac-
tive zymogen into the lumen. Subsequently, the acidic environment
of the stomach allows for the cleavage of pepsinogen into its active
form, pepsin. Digestion further takes place in the duodenum, where the
brush border of the enterocytes is lined with enterokinase, an enzyme
that is necessary for the conversion of trypsinogen to trypsin. Trypsin
is subsequently responsible for activation of the endopeptidases and
exopeptidades that are produced by the pancreas and that hydrolyze
oligopeptides into di- and tripeptides.
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Enterokinase and Trypsinogen Deficiency
Although rare, cases of enterokinase deficiency have been reported
in the literature (OMIM 226200). This autosomal recessive disease
presents in infancy with failure to thrive and diarrhea, and most indi-
viduals are hypoproteinemic and edematous as well. Genomic analysis
of three individuals with this condition identified the cause as a muta-
tion in the serine protease-7 gene PRSS7 that encodes proenterokinase,
an inactive precursor of enterokinase [23]. Treatment involves either
enzyme replacement therapy or dietary modifications with a hydrolyzed
formula and it has been suggested that the widespread availability and
use of these formulas have led to the underdiagnosis of enterokinase
deficiency.

While functional trypsinogen deficiency occurs in patients with
cystic fibrosis and patients with chronic pancreatitis, congenital
trypsinogen is a rare deficiency that most typically present similarly
to enterokinase deficiency (OMIM 276000). At the same time, there is
also emerging evidence that mutations in the gene encoding trypsino-
gen, PRSS1, can also lead to alterations in cleavage, activation, and
stabilization of the enzyme which may ultimately lead to pancreatitis
[24–26].

Lysinuric Protein Intolerance
Once polypeptides are hydrolyzed to di- and tripeptides in the intesti-
nal lumen, they are transported into the enterocytes where they are
broken down further by intracellular peptidases before being trans-
ported across the basolateral membrane. Lysinuric protein intolerance
(LPI) is an autosomal recessive disorder that results from a mutation in
the SLC7A7 gene that encodes the Na+-dependent system y+L along
the basolateral surface of enterocytes, as well as along renal tubules
(OMIM 222700). This transporter is responsible for exchanging dibasic
amino acids – lysine, ornithine, and arginine – for sodium and neutral
amino acids. As a result of impaired intestinal absorption of these amino
acids as well as increased renal excretion, serum levels of these amino
acids are low.

Approximately 100 cases of LPI have been reported, with the
majority of individuals being of Finnish descent. Individuals with
LPI present with failure to thrive, vomiting, diarrhea, abdominal
pain, and pancreatitis. If undiagnosed, patients may develop hyper-
ammonemia and mental status changes following large protein loads
secondary to impairments in the urea cycle, which are dependent
on ornithine and arginine. Individuals with LPI often go undiag-
nosed in infancy due to the relatively minimal protein load of breast
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milk and older individuals often self-impose a protein-restricted diet
secondary to abdominal discomfort. Undiagnosed mental retarda-
tion can develop if prolonged hyperammonemia occurs. Long-term
impairment from lysine deficiency causes osteoporosis and immunod-
eficiency. Hepatosplenomegaly or cirrhosis may evident on exam as
well as findings related to anemia, thrombocytopenia, and pulmonary
proteinosis and glomerulonephritis [27, 28].

Diagnosis of LPI is made by the presence of diminished levels of
lysine, arginine, and ornithine in the blood, alongside elevated levels
of lysine and orotic acid in the urine. Patients are treated with a low-
protein diet of less than 1.5 g/kg/day. Supplementation of citrulline,
an amino acid not dependent on the y+L transporter, also improves
function of the urea cycle and prevents hyperammonemia.

DISORDERS OF LIPID ASSIMILATION

Lipid metabolism is significantly dependent on the process of emul-
sification that enables an increase in the total surface area of fat as
well its suspension into an aqueous phase. This process begins through
mechanical means in the mouth and stomach, before utilizing bile salts
that are produced in the biliary system and excreted into the duodenum.
These salts are especially important in the digestion of long-chain fatty
acids. Enzymatic digestion of lipids occurs alongside this emulsifica-
tion and initially utilizes lingual and gastric lipase. Following exposure
in the duodenum to pancreatic lipase and colipase, triglycerides are
hydrolyzed to 2-triglycerol plus two fatty acids. Additionally, dietary
and biliary phospholipids are broken down by phospholipase A2 and
pancreatic cholesterol esterase.

After luminal metabolism is complete, fat absorption occurs in the
proximal two thirds of the jejunum, with greater than 94% of fat
being readily absorbed. Once inside the villi, reassembly of fatty
acids to triglycerides occurs, and these triglycerides are combined with
cholesterol and apoproteins to form chylomicrons. These micelles are
then excreted into the bloodstream via the thoracic duct. The lipoprotein
complexes excreted from the lymphatic into the bloodstream represent
the principal transport mechanism for triglycerides and cholesterol and
are responsible for delivering these lipids to distal tissues including
adipose tissue and muscle.

Abetalipoproteinemia
Patients with abetalipoproteinemia (OMIM #200100) have signifi-
cantly decreased levels of cholesterol and triglycerides and are entirely
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deficient in apolipoprotein B. Apolipoprotein B, including B-100 and
the truncated B-48, is the only lipoprotein in chylomicrons and LDL
and accounts for nearly one third of the lipoproteins in VLDL. Although
initially assumed to be a mutation in the apolipoprotein B gene, the
defect has been traced to the MTP gene encoding the microsomal
transfer protein [29] and follows an autosomal recessive pattern of
inheritance. MTP is necessary for the transport of triglycerides and
cholesterol from the apical cell wall to the smooth endoplasm reticu-
lum inside the enterocytes, as well as facilitating the formation of lipid
complexes with apolipoprotein B.

Clinically, patients present with failure to thrive, vomiting, and
steatorrhea. Furthermore, patients also develop neurologic manifesta-
tions secondary to, at least in part, vitamin E malabsorption. Early
neurologic complications include diminished deep tendon reflexes and
decreased sensation including pain and proprioception that ultimately
cause ataxia and weakness. Additionally, retinitis pigmentosa progress-
ing to retinal degeneration occurs. The constellation of ataxia and
retinal disease often leads to a mistaken diagnosis of Friedrich’s ataxia.

Diagnosis is made in the underweight individual who fails to gain
appropriate weight when receiving adequate calories and who has low
levels of triglycerides (<10 mg/dL) and total cholesterol (25–40 mg/dL)
[30]. Acanthocytosis, a distinct type of spiculated pattern on red blood
cells, is usually seen on peripheral smear. Imaging of the spine and head
may show degeneration of the posterior column and anterior horn cells
as well as the cerebellum. Finally, gross endoscopic evaluation reveals
a yellowish discoloration in the small bowel while biopsies demon-
strate increased fat staining within the luminal enterocytes. Treatment
depends on providing a low-fat diet to avoid diarrhea as well as vitamin
supplementation if serum levels are low.

Hypobetalipoproteinemia
Hypobetalipoproteinemia is an autosomal dominant disease that occurs
as many as 1 in 3,000 Americans [31]. In the heterozygote state,
individuals have low cholesterol and triglycerides as well as low
apolipoprotein B levels. These individuals have no gastrointestinal
symptoms and minimal neurologic complications. However, though
significantly rarer, individuals who are homozygous for mutations in the
APOB gene are indistinguishable from individuals with abetalipopro-
teinemia with regard to gastrointestinal and neurologic symptoms,
laboratory values, and pathologic findings. Consequently, the treatment
for homozygous hypobetalipoproteinemia and abetalipoproteinemia is
the same.
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Chylomicron Retention Disease
Also known as Anderson’s Disease, chylomicron retention disease
(CMRD; OMIM #246700) is an additional disorder of lipid trans-
port characterized by severe steatorrhea and neuromuscular disease.
Patients typically present in infancy with growth failure and are clin-
ically difficult to distinguish from homozygous hypobetalipoproteine-
mia and abetalipoproteinemia. Although not in the original description
by Andersen, patients can have diminished deep tendon reflexes, mental
retardation, and defects in color vision, stemming in part from vita-
min E deficiency [31] and acanthocytosis has been reported as well.
However, unlike defects in betalipoprotein, individuals with CMRD
have normal levels of apolipoprotein B100. Treatment depends on a
low-fat diet as well as supplemental vitamin E.

The defect in CMRD involves an inability to secrete chylomicrons
across the enterocytes basolateral membrane and intestinal biopsies
will demonstrate the accumulation of lipid droplets within the cells.
These histologic findings can be explained as a consequence of the
genetic defect in CMRD, the SAR1B gene, which encodes the Sar1b
protein that plays an integral role in trafficking of chylomicrons from
the endoplasmic reticulum to the Golgi apparatus [32].

Primary Bile Acid Malabsorption
Bile acids reabsorption occurs in the terminal ileum and is dependent
on the ileal sodium-dependent/bile salt transporter, ISBT, on the apical
membrane of the enterocytes; reabsorption of bile salts saves the liver
from having to produce de novo bile salts. Mutations in this protein,
encoded by the gene SLC10A2, lead to a primary bile acid malabsorp-
tion (PBAM, OMIM #601295), a rare, autosomal recessive disorder
that was first characterized by Heubi et al. and ultimately mapped to
chromosome 13q33 [33, 34].

The clinical presentation of patients with PBAM ranges from fail-
ure to thrive with diarrhea and bile acid deficiency to compensated fat
malabsorption with adequate growth and normal bile acid levels. In
symptomatic patients, the diarrhea is secretory and improves with use
of cholestyramine as well as a low-fat diet. Diagnosis is made using the
75Se-homocholic acid-taurine, a radiolabeled analogue of bile acid.

DISORDERS LEADING TO GENERALIZED
MALABSORPTION

Nonspecific malabsorption of nutrients and micronutrients most often
occurs in the setting of short bowel syndrome or cystic fibrosis, as well
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as chronic conditions that cause diffuse damage to the intestinal lumen
over time such as inflammatory bowel disease. A small percentage
of disorders of generalized malabsorption are due to rare, congenital
disorders.

Enteric Anendocrinosis
Enteric anendocrinosis is an extremely rare form of congenital osmotic
diarrhea that presents with diffuse malabsorption of all nutrients
(OMIM #610370). The underlying etiology can be attributed to a rel-
ative deficiency of enteroendocrine cells from the crypts of the small
bowel; patients with enteric anendocrinosis have a notable deficiency
in these cells, with only one to two cells per crypt as compared to five
or six in the healthy individual [35, 36]. The absence of these cells
can be attributed to a mutation in neurogenin-3, a transcriptional fac-
tor expressed in the small bowel and pancreas, that drives stem cell
fate differentiation toward enterocytes, Paneth cells, goblet cells, and
enteroendocrine cells. Although these cells are extremely important in
the production of enteric hormones such as CCK, secretin, and ghrelin,
the direct mechanism linking an absence of these cells to the profuse
diarrhea of this disease is not well understood.

Clinically, patients present shortly after birth with severe diarrhea and
dehydration whose volume approximates total daily intake and which
ceases when fasting. Some evidence also exists that these patients may
develop diabetes in early childhood [30]. Unfortunately, singular avoid-
ance of either carbohydrates, amino acids, or fat will not ameliorate
the diarrhea. Instead, the only way to improve the diarrhea and gain
weight is through total parenteral nutrition. Diagnosis is challenging
because routine biopsies suggest normal crypt-villous architecture and
no evidence of inflammation and no abnormalities are noted on electron
microscopy as well. At the same time, staining with chromogranin A as
well as with antibodies toward these hormones will reveal an absence
of the enteroendocrine cells and associated hormones.

Disorders of Mixed Secretory and Osmotic Diarrhea
Congenital zinc deficiency, or primary acrodermatitis enteropathica
(AE; OMIM #201100), is rare disorder characterized by severe diar-
rhea, failure to thrive, and a characteristic bullous rash on the hands
and feet as well as perioral and perianal areas. Alopecia can be noted
as well. While similar findings can be seen in nutritional zinc defi-
ciency or as the result of severe and prolonged diarrhea, primary AE
has been mapped to the gene SLC39A4, which encodes a protein
from the zinc/iron-regulated transporter-like protein (ZIP) family, ZIP4
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[37]. ZIP4 can be found on the apical surface of enterocytes and is
responsible for transporting zinc into the cell [38].

Diagnosis can be made by measuring serum and urine zinc levels,
which are low in AE, and can be suspected in the presence of a low
alkaline phosphatase, a zinc-dependent metalloenzyme. Radiolabeled
zinc has also been used to assess absorptive capacity [39]. Fortunately,
the reduced capacity to absorb zinc can be overcome with large doses
of zinc at 1 mg elemental zinc per kilogram per day.
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Summary

Pancreatic enzyme replacement therapy is critical in individuals with
pancreatic insufficiency. Understanding the normal physiology of
pancreatic enzyme secretion and how this is deranged leading to
pancreatic steatorrhea is the focus of this chapter. Several areas
are detailed including how to diagnose pancreatic steatorrhea, opti-
mal timing and use of pancreatic enzyme replacement therapy, and
expected outcomes.

Key Words: Steatorrhea, Pancreatic insufficiency, Malabsorption,
Pancreatic enzyme supplement, Fibrosing colonopathy

INTRODUCTION

Exocrine pancreatic insufficiency is a common complication of chronic
pancreatitis which may result in several debilitating complications
[1, 2]. The diagnosis and management of these patients is often chal-
lenging. This text will summarize our current understanding of the
physiology of exocrine pancreatic secretion and describe the patho-
physiology of exocrine pancreatic insufficiency. We will then focus on
diagnostic and management strategies in the treatment of individuals
with diarrhea due to pancreatic insufficiency.

HOW DOES CCK STIMULATE PANCREATIC
SECRETION?

Pancreatic secretions arise from three types of cells: pancreatic aci-
nar cells, ductal cells, and endocrine cells. The acinar cell comprises
the majority of the cells involved in pancreatic secretion. The primary
role of the acinar cell is to secrete a mixture of pancreatic enzymes
which enable the digestion of proteins, fats, and carbohydrates [3]. The
principal stimulus for the release of pancreatic enzymes is the pres-
ence of food in the proximal duodenum [4]. The pancreatic secretory
response to food intake is mediated by acetylcholine from the vagus
nerve and the release of the circulating hormone cholecystokinin (CCK)
[5]. Acetylcholine and CCK promote the secretion of a protease-rich
pancreatic fluid [6, 7]. The proteases contained in the pancreatic fluid
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are initially secreted as pancreatic proenzymes [8]. These proenzymes
become activated in the proximal duodenum. In the duodenum the
enzyme enterokinase converts the pro-enzyme trypsinogen to the active
enzyme trypsin. Activated trypsin then catalyzes the conversion of other
proenzymes into their active forms. The pancreatic ductal cells secrete a
bicarbonate-rich fluid which is produced in response to the production
of the hormone secretin. Secretin is secreted by cells in the proximal
duodenum [9]. The inability for pancreatic ductal cells to secrete bicar-
bonate in response to secretin stimulation is a sign of early chronic
pancreatitis [10–13].

PHYSIOLOGIC CONTROL AND REGULATION
OF EXOCRINE PANCREATIC SECRETION

Mechanism for CCK-Mediated Pancreatic Secretion
in Animals

Studies performed in animals indicate that CCK not only can act
directly on the acinar cell but also acts via vagal pathways to stimu-
late pancreatic acinar cell secretion. Studies in rats have shown that
vagotomy totally abolishes the ability of physiologic doses of CCK
to stimulate pancreatic secretion [14, 15]. Stimulation with supra-
physiologic doses of CCK results in direct pancreatic acinar cell
secretion. These studies indicate that CCK’s actions on pancreatic
secretion are dependent on the levels of CCK and the timing of CCK
exposure. CCK stimulates pancreatic secretion via vagal high-affinity
CCK-A receptors. CCK has also been shown to affect satiety and gas-
tric motility which are mediated via vagal low-affinity CCK-A receptors
[16, 17].

Mechanisms for Exocrine Pancreatic Secretion in Humans
Humans do not appear to have the same level of CCK-A receptors
that are present in animals. This observation led researchers to pro-
pose that another type of receptor (s) is responsible for the activation
of pancreatic enzymes. Recently it was confirmed by quantitative PCR
studies that CCK-A and CCK-B receptors exist in the human pancreas.
Unlike in rats it appears that there are low levels of these receptors
in the human pancreas [11]. As a result, it is assumed that pancreatic
enzyme release is not entirely due to the direct stimulation of CCK-A
and CCK-B receptors. This hypothesis is further supported by func-
tional studies of the human pancreas. In these studies when pancreatic
acini were isolated and directly stimulated with CCK, they were not
activated [18, 19]. When CCK-A receptors were transfected into these
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cells by adenovirus, production of pancreatic enzymes was observed
when the acini were stimulated with CCK [18, 19]. These studies indi-
cate that human pancreatic acinar cells lack large amounts of CCK-A
and CCK-B receptors.

THE ROLE OF SECRETIN IN PANCREATIC DUCTAL
CELL SECRETION

In humans, the main stimulator of pancreatic ductal secretion is
secretin. Secretin is released from neuroendocrine cells within the
mucosal layer of the proximal duodenum [20]. It is released in response
to the presence of acidic chyme and via input from vagal afferent
nerve fibers [9, 21]. Secretin production can also be stimulated by the
presence of fatty acids in the proximal duodenum [22, 23]. Secretin
stimulates pancreatic ductal secretion by increasing ductal cell cAMP
levels and activation of protein kinase A (PKA) which subsequently
results in the secretion of bicarbonate from these cells [24]. This
leads to the stimulation of the cystic fibrosis chloride channel gene
product called the cystic fibrosis transmembrane conductance regula-
tor (CFTR) which activates a chloride–bicarbonate exchanger on the
luminal plasma membrane [25] Water is thought to be transported
paracellularly with the end result being a bicarbonate-rich pancreatic
fluid.

NON-CCK-DEPENDENT FACTORS WHICH AFFECT
PANCREATIC SECRETION

Intestinal serotonins: Studies have shown that the secretion of intesti-
nal serotonins causes an increase in the release of pancreatic enzymes
[26, 27]. It appears that serotonin release must also be accompanied by
the presence of carbohydrate or hyperosmolar fluid in the duodenum
[27]. Pancreatic secretion is also regulated by several different regula-
tory hormones. Hormones which have been shown to inhibit pancreatic
enzyme secretion include somatostatin [28, 29], pancreatic peptide
Y–Y [30], neuropeptide Y–Y [31–33], and calcium gene-related pep-
tide. It can be concluded that pancreatic exocrine secretion is a complex
process involving the coordinated secretion of activating and inhibitory
hormones and neuropeptides in response to input from the vagus nerve
as well as the contents of the intestinal lumen. The development of
pancreatic insufficiency occurs when the disease process destroys the
pancreatic ductal and parenchymal secretory structure and/or there is a
change in the physiology of the small intestinal lumen.
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PHYSIOLOGY AND DEFINITION OF PANCREATIC
EXOCRINE INSUFFICIENCY

Exocrine insufficiency of the pancreas usually occurs as a result of
severe destruction of the acinar and pancreatic ductal system. Due to
the tremendous functional reserve of the pancreas, exocrine insuffi-
ciency becomes severely debilitating when greater than 90% of the
mass of the gland is destroyed [33, 34]. The development of pancre-
atic exocrine insufficiency is dependent upon the degree of damage to
the cells of the exocrine pancreas, the stability of the secreted pancreatic
enzymes, and the small intestinal transit time. As the secretory capac-
ity of the pancreas becomes more compromised, maximal digestion
and absorption, shifts from the proximal duodenum to the distal small
intestine [35, 36]. The delivery of larger, non absorbed substances to
the distal small intestine has been shown to cause motor abnormalities
and impaired absorption [37]. Another consequence of the destruction
of pancreatic acinar cells is that pancreatic lipase secretion and activ-
ity begins to decrease which is thought to be due to a decrease in
the secretion of pancreatic bicarbonate resulting in a decreased intra-
duodenal pH environment [38]. Small intestinal transit times have also
been shown to be significantly reduced in subjects with severe pancre-
atic insufficiency [39], which results in less time for absorption of fats
and proteins in the small intestine with subsequent increased delivery to
the large intestine. The presence of undigested fats in the colon results
in a net secretion of fluid into the colonic lumen which is excreted as
watery liquid stools. The presence of fat and carbohydrate in these liq-
uid stools is what leads to the classic description of steatorrhea which
is foul-smelling, greasy-appearing stools that float.

WHEN SHOULD TREATMENT BEGIN AND WHAT ARE
THE GOALS OF ENZYME THERAPY?

It is generally agreed upon that once the diagnosis of pancreatic
steatorrhea has been established, treatment with pancreatic enzyme
supplements is indicated. The diagnosis of pancreatic exocrine insuf-
ficiency can be made by performing a 72-h fecal fat test. Subjects
undergoing the test should consume 100 g of fat/day. If the daily stool
output exceeds 7 g/day, pancreatic exocrine insufficiency is suggested.
This test is no longer routinely used due to its cumbersome nature.
It also requires that subjects begin the high-fat diet at least 3 days
before they begin to collect the stool samples. Many individuals are
unable to complete this complex medical regimen at home resulting
in inaccurate test results that are difficult to interpret. The 72-h fecal
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fat test has been largely replaced by the fecal elastase test. The fecal
elastase test measures the presence of elastase in the stool. Low levels
correlate with decreased pancreatic exocrine secretion with less than
200 μg/g of stool being abnormal and less than 100 μg/g of stool being
diagnostic of pancreatic insufficiency. The fecal elastase test appears
to be most sensitive and specific for detecting individuals with no
pancreatic insufficiency and those with moderate-to-severe pancreatic
insufficiency. Individuals with mild steatorrhea may pose a diagnostic
challenge.

Once the diagnosis of exocrine pancreatic insufficiency has been
established, treatment with pancreatic enzymes is indicated. In order to
correct the malabsorption due to exocrine pancreatic insufficiency, it is
necessary to provide approximately 5–10% of the pancreatic enzymatic
output [1, 40]. Studies have shown that the quantity of enzymatic output
needed to provide approximately 5–10% of pancreatic enzyme out-
put is approximately 30,000 international units (IU) or 90,000 United
States Pharmacopeia (USP) units of lipase per meal. It is important
when dosing pancreatic enzymes to determine if they are in USP or IU
because the number of prescribed tablets or powder will vary accord-
ingly. The number immediately after the trade name for a pancreatic
enzyme preparation is the number of lipase units per dose. For exam-
ple, Creon 24 has 24,000 USP of lipase per tablet. When supplementing
pancreatic enzymes, one should know that the minimum amount of
lipase needed will differ among individuals, but in most cases, 90,000
USP of lipase per meal is the amount needed to abolish steatorrhea (see
Table 10.1 for a list of pancreatic enzyme formulations and their lipase
content per dose).

Protein malabsorption with associated diarrhea (azotorrhea) can also
be seen in chronic pancreatitis. In general, protein malabsorption is eas-
ier to correct than fat malabsorption. This is due to the fact that not only
are proteases much more resilient to degradation than lipases but also
the proteases in the stomach and small intestine can compensate for
decreased amounts of pancreatic proteases [2, 41]. Once the appropri-
ate dose is determined, patients should then be instructed on how to take
the pancreatic enzymes. Enzymes should be taken with the first bite of
a meal. Depending on how rapidly a meal is consumed and the amount
of food consumed, the enzyme supplements may be given entirely at
the beginning of a meal or alternatively with one half of the total dose
at the beginning of the meal and the other half taken in the middle of the
meal. This dosing regimen ensures that there will be appropriate mixing
of enzymes with food.
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Table 10.1
Pancreatic enzyme formulations and lipase content per dose

Name Formulation Lipase

Cotazyme Capsule 8,000 USP
Cotazyme-S Enteric-coated microsphere 5,000 USP
Creon 6 Enteric-coated microsphere 6,000 USP
Creon 12 Enteric-coated microsphere 12,000 USP
Creon 24 Enteric-coated microsphere 24,000 USP
Enzym-Lefax Tablet 2,200 PhEur
Illozyme Tablet 11,000 USP
Ku-zyme HP Enteric-coated microsphere 8,000 USP
Pancrease MT 4 Enteric-coated microtablets 4,000 USP
Pancrease MT 10 Enteric-coated microtablets 10,000 USP
Pancrease MT 16 Enteric-coated microtablets 16,000 USP
Pancrease MT 20 Enteric-coated microtablets 20,000 USP
Pancrease Enteric-coated microsphere 4,500 USP
Panzytrat Enteric-coated microtablets 10,000 PhEur
Panzytrat Enteric-coated microtablets 25,000 PhEur
Panzytrat Enteric-coated microtablets 40,000 PhEur
Pankreon Tablet 10,000 PhEur
Pankreon forte Tablet 28,000 PhEur
Ultrase MT 12 Microtablet 12,000 USP
Ultrase MT 18 Microtablet 18,000 USP
Ultrase MT 20 Microtablet 20,000 USP
Viokase Tablet 8,000 USP
Viokase Powder 16,800 USP

USP, United States Pharmacopeia; PhEUR, European Pharmacopeia. Tablets and
powders are not enteric coated.

WHICH ENZYME PREPARATION SHOULD BE USED?

The choice of which pancreatic enzyme preparation to use is a mat-
ter of personal preference and choice. Enzyme preparations are usually
enteric or non-enteric coated. The benefit of enteric-coated preparations
is that the enteric coating prevents the premature degradation of pancre-
atic enzymes in the stomach. Non-enteric-coated enzyme preparations
do not have the same protection against gastric degradation. To protect
against premature gastric inactivation of non-enteric-coated pancreatic
enzymes, proton-pump inhibitors are also administered. Despite being
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protected against gastric degradation, some enteric-coated preparations
are not as effective as would be expected in treating pancreatic steator-
rhea for which the reason is unclear but it may be explained by the pH
gradient that exists within the duodenum. Most enteric-coated prepara-
tions are designed not to release their enzymes at low pH. There is a pH
gradient that exists in the duodenum which results in a lower pH in the
proximal duodenum and a higher pH in the distal duodenum. The opti-
mal site for the activity of pancreatic enzyme preparations is believed to
be the proximal duodenum. Low pH conditions in the proximal duode-
num may therefore prevent the release of sufficient pancreatic enzymes
in this location. The administration of proton-pump inhibitors helps to
prevent the delayed release of enteric-coated preparations by raising the
gastric pH and facilitating their release in the proximal duodenum.

A poor treatment response to non-enteric-coated pancreatic enzyme
preparations can also be due to a delay in gastric emptying which
can result in the retention of tablets in the stomach. This problem can
be partially overcome by the administration of enteric-coated micro-
spheres. These special enzyme preparations allow adequate delivery
of therapeutic amounts to the proximal duodenum even when gastro-
paresis is present. Individuals who fail to respond to treatment with
pancreatic enzymes should first be evaluated for inadequate dosing of
pancreatic enzyme. If the dose is adequate, then the presence of delayed
gastric emptying should be assessed. Other conditions which can mimic
pancreatic insufficiency and may result in intestinal malabsorption
include small-bowel bacterial overgrowth, celiac sprue, inflammatory
bowel disease, giardiasis, and Whipple’s disease. After ruling out these
conditions in a nonresponder, gastric pH measurement should be con-
sidered and proton pump inhibitor dosing should be adjusted if gastric
pH remains below 4.0. Consideration should also be given to the timing
of the patient’s ingestion of the pancreatic enzymes relative to the meal
ingestion. In our practice, patients are recommended to take one-third
of the prescribed dose at the beginning of the meal, one-third in the
middle of the meal, and the final one-third at the end of the meal. If this
intervention does not work, a small dose of non-enteric enzyme prepa-
ration will be added to the prescribed dose of enteric-coated pancreatic
enzymes.

TREATMENT GOALS AND EXPECTED RESPONSE
TO PANCREATIC ENZYME THERAPY

Studies have shown that patients with chronic pancreatitis and exocrine
pancreatic insufficiency have an increased risk of cardiovascular
mortality as well as overall shortened life expectancy [33, 42]. It is
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important to treat individuals with exocrine pancreatic insufficiency in
order to reduce their long-term risk of premature death. The majority
of these individuals will have some decrement in their symptoms; how-
ever, total resolution of steatorrhea may be hard to achieve. Response
to therapy should be based on improvement in stool output (three or
less stools a day is acceptable), maintenance of weight, improvement in
appetite and in the quality of life.

POTENTIAL COMPLICATIONS OF THERAPY

As with any therapeutic intervention, there are potential complica-
tions associated with pancreatic enzyme therapy. The most severe
complication is the development of strictures in the colon, a condition
known as fibrosing colonopathy. Several cases have been reported in
children and adults after being given high doses of pancreatic enzyme
supplements [43–45]. All of the children who developed strictures had
cystic fibrosis but cases of affected adults without underlying cystic
fibrosis have also been reported. Cystic fibrosis was the underlying
etiology for pancreatic insufficiency in children who developed fibros-
ing colonopathy but this diagnosis was subsequently reported in some
adults without CF. This complication has promoted investigators to
define the maximal lipase content of pancreatic enzyme supplements
in order to protect against the development of fibrosing colonopathy.
Currently it is recommended that the dose of pancreatic lipase contained
in pancreatic enzyme preparations should not exceed 10,000 U/kg/day
[46]. In order to obtain FDA approval in the United States, the manu-
facturers of pancreatic enzyme preparations are required to demonstrate
that the amount of lipase in their preparations does not exceed the
lipase threshold recommended by the CF Foundation. Other possible
side effects that may be associated with pancreatic enzyme supplemen-
tation include folic acid deficiency, constipation, hyperuricemia, and
allergic reactions to the porcine components of pancreatic enzymes
[47, 48].

FUTURE RESEARCH

The premature denaturation of pancreatic enzyme preparations in the
stomach has led to research into the development of pancreatic enzymes
that are resistant to denaturation by small intestinal proteases and gas-
tric acid. Current research has focused on the utilization of bacterial and
fungal lipases as alternatives to pancreatic enzyme preparations which
have usually used porcine lipase.
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The results of the studies evaluating the efficacy of these newer
preparations have been mixed. Further research needs to be conducted
before these enzymes replace current enzyme preparations [49].

CONCLUSION

The evaluation and management of diarrhea due to pancreatic insuffi-
ciency remains a complex process. The amount of pancreatic enzymes
supplemented must be individually tailored to the clinical severity of
the disease in each patient. In order to ensure the safety and effi-
cacy of the treatment, patients must be sufficiently monitored. New
FDA regulations have made it a requirement that all pancreatic enzyme
preparations undergo FDA approval and manufacturers disclose the
exact content of the constituent enzymes per dose. These guidelines
by the FDA will help to ensure that all preparations accurately reflect
the amount of pancreatic enzymes delivered per dose and will enable a
more standardized approach to the treatment of pancreatic steatorrhea.
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Summary

The human gastrointestinal tract typically contains 300–500 bacterial
species. Most bacterial species are acquired during the birth pro-
cess and although some changes to the flora may occur during later
stages of life, the composition of the intestinal microflora remains
relatively constant. Small bowel bacterial overgrowth (SBBO) is
defined as an excessive increase in the number of bacteria in the
upper gastrointestinal tract leading to the development of symptoms.
Etiologic factors in the development of SBBO include anatomic
abnormalities, functional abnormalities including altered intestinal
motility, and multifactorial issues such as malnutrition of the host and
abnormalities of the immune system. Symptoms of SBBO include
abdominal cramping, bloating, diarrhea, dyspepsia, and/or weight
loss. Systemic distribution of bacterial antigen–antibody complexes
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may cause rashes, arthritis, and nephritis. Colitis or ileitis may also
occur due to SBBO. Although diagnosis of bacterial overgrowth is
classically based upon demonstration of an increase of bacterial con-
tent by aspiration and culture of upper intestinal fluids, these methods
have several limitations. For this reason, a variety of non-invasive
diagnostic tests have been devised for the diagnosis of SBBO. A
hydrogen breath test is the most common method used. Alternative
tests include the measurement of the byproducts of luminal bacteria
metabolism in urine or blood and small bowel biopsies demonstrating
often inflammatory changes. Treatment of SBBO commonly involves
rotating broad-spectrum oral antibiotics. When significant intestinal
inflammation is present, anti-inflammatory therapy with sulfasalazine
or corticosteroids may be used. Regular toileting and colonic flushing
with may also be used. Surgical corrections of anatomic abnormali-
ties, such as stricture, fistula, diverticuli, are often helpful. Segments
of dilated, poorly peristaltic bowel may be corrected with lengthening
operations. Probiotic therapy in SBBO may be effective in reduc-
ing the use of antibiotic therapy and controlling symptoms; however,
conclusive studies are needed. Nutritional support is an essential part
of the management of SBBO both as a therapeutic measure and in
the prevention of malnutrition.

Key Words: Small bowel bacterial overgrowth, SIBO, Microflora, Chronic
diarrhea, Breath test

INTRODUCTION

The human gastrointestinal (GI) tract is colonized with a large number
of bacteria often quoted to be 10 times the number of cells in human
body. Colonization of the gut begins at birth and as the infant swallows
vaginal fluid during the birthing process, with the organisms rapidly
proliferating throughout the intestinal tract during the next 8–24 h. Over
400 different species of microbes are present within the gut [1]. The
concentration of organisms gradually increases from the proximal to the
distal bowel with the usual numbers in the very proximal small intestine
numbering 102 organisms per gram and increases to 1011 organisms per
gram in the distal colon.

The initial establishment of the enteric flora is influenced by a vari-
ety of host and external factors [2, 3]. Gut flora tends to parallel that
of the mother as most bacterial species are acquired during the birthing
process [3]. Although some changes to the flora occur during the first
few months of life, transient changes to the flora may occur during later
stages of life and the GI flora remains remarkably constant. This feature
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is largely based upon recognition and tolerance of the infant-acquired
flora by the gut immune system [4] which, by sampling microbial
antigens, identifies these as normal.

Mostly acid-tolerant aerobic organisms inhabit the oropharynx and
upper GI tract [2, 5]. Immunoglobulins present within the salivary
secretions act as a first-line defense against ingested bacteria. Gastric
acidity followed by exposure to bile in the duodenum further elimi-
nates many of the ingested microorganisms leaving, typically, aerobic
and facultative anaerobes in the proximal small bowel. It has been
found that in pathologic cases of bacterial overgrowth, there are exces-
sive bacterial counts in the proximal small bowel, commonly with
bacterial species including Streptococci, Bacteroides, Escherichia, and
Lactobacilli [2].

In the non-resected human GI tract, bacterial counts rise and a grad-
ual transition from aerobic to anaerobic organisms occurs in more
distal segments of the gut [3, 5]. The terminal ileum represents a
transition zone between the aerobic flora found in the proximal gut
and the anaerobic organisms found in the colon. At the ileocecal
valve, bacterial counts rise from 107–109 organisms/mL in the terminal
ileum to approximately 1010–1012 organisms/mL in the colon where
predominantly fastidious anaerobic organisms such as Bacteroides,
Bifidobacteria, Clostridia, and numerous other microbial organisms are
typical residents.

Interaction of the gut bacteria with the developing immune system is
imperative in regulating immune function and initiating normal immune
responses [6]. The normal peristaltic activity of the gut is an impor-
tant factor in keeping the number of organisms under control, and the
antibacterial effects of gastric acid and bile help prevent overgrowth in
the proximal small intestine. The intestinal mucosal barrier excludes
most organisms from the underlying tissue and dysfunction of this bar-
rier can have a number of adverse effects including bacteremia and
inflammation.

Normal populations of bacteria in the gut vary with a number of fac-
tors. In the tropics, healthy people are colonized with higher numbers
of microorganisms in the small intestine [7]. Therefore, small-bowel
bacterial overgrowth in the proximal gut has been considered to be
present when levels exceed that number. However, some have used
lower numbers which are more consistent with values obtained from
populations living in temperate zones [8]. The type of flora, such
as gram-positive or gram-negative aerobic or anaerobic, may also be
useful in characterizing the condition. Additionally, the presence of
atypical flora in different parts of the bowel may be significant such
as when colonic flora is present in the upper small bowel [9].
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DEFINITION

The most common definition of small-bowel bacterial overgrowth refers
to the presence of bacteria in increased concentrations in any seg-
ment of small bowel which exceeds amount and type that are typically
present in a healthy, physiologic state [10]. This may or may not
represent a pathogenic situation depending on a number of factors,
including the specific organisms, metabolic pathways of the organisms
involved, including their ability to metabolize various dietary nutrients,
and whether or not the organisms have invaded or caused injury to the
mucosal surface [11]. In some instances, bacteria in excessive numbers
may be present but may be doing no harm or causing no symptoms so,
by definition, the patient might have overgrowth but one would question
whether or not it is relevant. It has even been suggested that bacterial
translocation may have beneficial effects on the acquired immune sys-
tem and therefore condition of bacterial overgrowth which predisposes
to bacterial translocation may in fact be beneficial [12].

MECHANISMS

There are a number of factors which predispose the patient to small-
bowel bacterial overgrowth. These would first include any disruption
in the normal defense mechanisms which prevent overgrowth such
as reduction in gastric acid secretion either through disease state
or through pharmacologic therapy with proton pump inhibitors [13],
impairment of normal antegrade motility either by anatomic or neu-
romuscular dysfunction or medication use [14], or absence of the
ileocecal valve which might permit reflux of colonic flora into the
small intestine [15]. Radiation injury to the small intestine is com-
monly associated with overgrowth [16]. Chronic infectious processes
such as Giardia which adversely affect the ability of the mucosa to
protect itself also predispose to overgrowth [17]. Likewise, achlorhy-
dria and old age are commonly associated with small-bowel bacterial
overgrowth [18]. Diabetics commonly have overgrowth which may in
part be due to associated neuropathy [19]. Other disorders which affect
motility including scleroderma may present with overgrowth as may
disorders such as tropical sprue, celiac disease, and pancreatitis.

Spontaneous bacterial peritonitis is a potentially fatal complication
of hepatic cirrhosis with high mortality and occurs with significant
frequency not only in hospitalized but also in asymptomatic cirrhotic
patients. The organisms involved are usually gram negative. Small-
bowel bacterial overgrowth has been hypothesized as a causative factor,
as overgrowth appears to be common in patients with cirrhosis [20].
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Not only is the presence of increased numbers of flora important,
but as noted, the specific characteristics of the bacteria down to the
strain level have been shown to be increasingly relevant [21]. Broad-
spectrum antibiotics may disrupt the microbiota to the extent of causing
an overgrowth of a specific strain of normally present organisms and
producing a pathological effect. Clostridium difficile is perhaps the best
recognized example of this.

SYMPTOMS

Bacterial overgrowth in the small intestine can cause a variety of inflam-
matory changes in the mucosa and can affect mucosal permeability and
micro-molecular transport [22]. Although translocation of organisms
across the mucosal barrier is a normal phenomenon in healthy individ-
uals, translocation in increased numbers, which occurs in overgrowth,
predisposes the patient to septic episodes or abscess formation. Further
development of immune complex deposits in the joints may result in
an inflammatory arthritis [23]. Overgrowth may also result in inflam-
matory cytokine production and enhanced excretion of inflammatory
markers into the stool [24].

Competition for nutrients commonly occurs in small-bowel bacterial
overgrowth as is evidenced by the classic presentation of megaloblas-
tic anemia due to vitamin B12 deficiency which may occur with loss
of the ileum or in conditions of atrophic gastritis [25]. Steatorrhea
is a relatively common occurrence, probably due to a combination
of the deconjugation and the reabsorption of bile acids coupled with
mucosal injury from small intestinal inflammatory changes. In such
instances, these deficiencies may be accompanied by weight loss, diar-
rhea, bloating, and discomfort. Fat-soluble vitamin deficiencies (A,
D, E, and K) may occur, although vitamin K deficiency is relatively
uncommon because of endogenous production of vitamin K by luminal
bacteria.

Systemic complications of overgrowth may also occur. A classic
example is that of the lactic acidosis which often occurs in children with
short bowel syndrome who develop overgrowth of organisms which
metabolize intra-luminal carbohydrate into both D and L isomers of lac-
tate. D-Lactate is poorly metabolized in humans despite being produced
by a number of enteric organisms. Consequently, in these patients with
overgrowth of predominantly D-lactate-producing organisms, neurolog-
ical symptoms ranging from impaired school performance to coma may
occur [25]. In such a setting, specific measurement of D-lactate in the
blood is required to confirm the diagnosis, and care must be taken to
make certain that the correct test is ordered. Total blood lactate may not
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necessarily be elevated. Yeast overgrowth may also occur, resulting in
altered behavior due to elevated blood alcohol levels [26].

DISEASE ASSOCIATIONS

Short Bowel Syndrome
Of the various clinical conditions in which small-bowel bacterial over-
growth is problematic, perhaps none are more important than short
bowel syndrome. In this condition the patient has acquired malab-
sorption as a result of resection of a major portion of the GI tract
leaving behind a reduced mucosal surface area. Since these patients
are already compromised, any inflammatory changes in the GI mucosa
will exacerbate malabsorption. Post-operative changes resulting in
anatomic abnormalities or strictures may affect antegrade propulsion
of fluid through the GI tract [27]. With time, these patients often
develop delayed transit and dilatation of the remaining GI tract which
predisposes the patient to small-bowel bacterial overgrowth.

In many patients with short bowel syndrome, fermentation of mal-
absorbed carbohydrates may be an important source of energy. The
products of fermentation include short-chain fatty acids, which are a
good source of calories [1]. Although this happens in the colon pre-
dominantly, some of it may go on in the distal small intestine as well.
Overgrowth becomes a pathologic state when the mucosal surface is
damaged through inflammatory changes in the gut and it is in this group
of patients that treatment is warranted, particularly in children [28].

Irritable Bowel Syndrome
One of the major controversies regarding small-bowel bacterial over-
growth is its association with irritable bowel syndrome. Irritable bowel
syndrome is a condition of unknown etiology that presents with recur-
rent abdominal pain or discomfort along with abnormalities in stool
frequency or form [29]. Visceral hypersensitivity, which has been
demonstrated in both adults and children with irritable bowel syndrome,
is thought to play an important role in the symptoms, and there is
a possibility that inflammation associated with gut bacteria might
somehow be involved in this process [30, 31]. Significant diarrhea, con-
stipation, bloating, gas, and pain are present in patients with irritable
bowel syndrome, all symptoms which may also be ascribed to small
intestinal bacterial overgrowth. An abnormal glucose breath hydrogen
test, lactulose breath hydrogen test, and jejunal aspirates have been
observed more frequently in patients with irritable bowel syndrome
than matched controls and may indicate abnormal bacterial populations
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[32]. In one study, Lee and Pimentel [33] found that 84% of irrita-
ble bowel syndrome patients versus only 20% of healthy controls had
abnormal lactose breath hydrogen test [33]. However, not all inves-
tigators have found similar results, and a number of negative studies
also exist [34]. Specific mucosal mediators have been shown to activate
human submucosal neurons in subjects with irritable bowel syndrome
[35]. Likewise, the data on treatment of overgrowth associated with irri-
table bowel syndrome are often ineffective in both children and adults
[36, 37].

Gastroesophageal Reflux
As proton pump inhibitors are commonly used in the treatment of irri-
table bowel syndrome, it has been hypothesized that the overgrowth
found in patients with irritable bowel syndrome may simply be a result
of the lack of gastric which decreases the organisms that favor acidic
environments [13, 38]. Suppression of acid has been shown to con-
tribute to small-bowel bacterial overgrowth as well as to gastrointestinal
and respiratory infections in general [39]. Previous studies describing
the association of overgrowth with irritable bowel syndrome have not
specifically explored the confounding variable of acid suppression.

Inflammatory Bowel Disease
The role of gut flora in inflammatory bowel disease has been explored
in a large number of studies. Differences in microbiota have been found
in luminal samples and biopsy cultures in patients with inflammation
secondary to inflammatory bowel disease [40]. Abnormal responses to
bacteria and bacterial antigens have been identified in patients with
Crohn’s disease and overgrowth has been reported to correlate with
exacerbation of disease in some patients with Crohn’s disease [41].
Antibiotics have been successfully used in the treatment of Crohn’s
disease in a number of studies [42], and treatment with parenteral
nutrition or elemental diets which significantly influence the type and
numbers of bacteria in the small intestine has also been shown to be
efficacious in the treatment of some forms of Crohn’s disease [43]. The
extent to which inflammatory bowel disease and small-bowel bacterial
overgrowth are interrelated has yet to be determined.

DIAGNOSIS

The diagnosis of small-bowel bacterial overgrowth is the subject of
much controversy. A number of different tests have been proposed to
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make the diagnosis. Analyzing breath specimens for volatile metabo-
lites of orally administered substrates such as glucose and lactulose
provides a simplified detection method for the presence of intestinal
bacterial overgrowth. Probably the most commonly used substrates is
glucose which is normally absorbed in the proximal small intestine,
and fermentation prior to absorption in that location by GI bacteria is
considered abnormal. Physiologically this occurs because when glu-
cose interacts with bacteria, carbon dioxide and hydrogen are produced
and the hydrogen is excreted into the breath, where it can be easily
measured. Fasting breath hydrogen levels of more than 20 ppm are
typically considered abnormal. However, glucose breath hydrogen test-
ing depends somewhat on the specific genus and species of organisms
present and will not pick up all cases of bacterial overgrowth.

In addition to glucose, lactulose has been used as a substrate for
breath hydrogen testing. Lactulose consumption which results in early
peaking of hydrogen production may indicate small-bowel bacterial
overgrowth since lactulose is normally malabsorbed in that part of the
bowel and typically is fermented in the colon. It has been suggested
that lactulose breath hydrogen testing is not as reliable as it is normally
malabsorbed to some degree in certain individuals [44].

Glucose and lactulose breath hydrogen testing is safe, easy to per-
form, and can be used in women of childbearing age and children;
however, questions regarding usefulness have risen due to relatively low
sensitivity and specificity [45]. Several factors may interfere with the
interpretation of results, including the presence of lung disease and the
potential for false-positive results following rapid delivery of the test
substrate to the colon in patients who have short bowel syndrome [46].
Additionally, the hydrogen peak occurring from bacterial overgrowth
in the distal small intestine may be difficult to discriminate from the
normal peak seen when the test substrate reaches the colon, and false-
negative results may occur in 30–40% of patients due to low anaerobic
organism counts which may occur in some patients [47]. It is also possi-
ble to have no increase in hydrogen production during a lactulose breath
hydrogen test if hydrogen is converted to methane or hydrogen sulfide
by relatively rare, hydrogen-consuming microbes [48].

Breath testing using [14C]-D-xylose measures the pulmonary
excretion of labeled CO2 produced from the bacterial fermentation of
the labeled substrate. Xylose is a pentose sugar that is catabolized by
gram-negative aerobes, which frequently are a common part of the
microflora implicated in bacterial overgrowth. Breath tests are inter-
preted as positive for small-bowel bacterial overgrowth if significant
14CO2 is expired before colonic H2 and CH4 rise or if a double H2 and
CH4 peak occurs. Breath tests are interpreted as negative if a significant
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14CO2 rise is detected simultaneously with the colonic H2 and CH4
rise [49].

The sensitivity and specificity of the [14C]-D-xylose breath test
approaches 90%, which is superior to other breath tests that have been
used to diagnose bacterial overgrowth [49]. Disorders associated with
impaired gastric emptying may lead to false-negative results, and rapid
intestinal emptying may lead to false-positive results due to early pre-
sentation of the test substrate in the colon. To optimize the diagnostic
performance of the [14C]-D-xylose test, it is recommended that patients
with severe dysmotility syndromes such as pseudo-obstruction have
breath samples taken up to 3 h after ingestion of the sugar and that
patients also undergo testing with the co-administration of intestinal
transit markers such as barium to serve as a measure of intestinal transit
time [50].

Although administration of 14C is associated with trivial (10 μCi)
radiation exposure, it is not recommended for children or women of
childbearing age. A similar test based on 13C, which does not lead to
radiation exposure, is now available [51]. Because the breath tests are
simple to perform, they are a reasonable choice for screening and mon-
itoring of therapy; however, the labeled techniques are usually available
only in tertiary care centers due to limited applications.

Aspirating the small bowel and culturing the intestinal fluid is usually
considered the gold standard for the diagnosis of overgrowth [52]. The
demonstration of more than 107 colony-forming units per milliliter in a
jejunal aspirate is considered abnormal, although lower numbers might
be considered abnormal as well if the underlying mucosa is inflamed.
Unfortunately this procedure samples only the proximal small intes-
tine and it is most common to have overgrowth only in the distal small
bowel without having abnormalities in the duodenum or the jejunum
[2]. Another issue concerns the contamination of the aspiration tube
during procedures which may also cause false-positive results [52].

When suspicion for bacterial overgrowth is high, some clinicians
use empiric treatment to make the diagnosis [11]. Although symptoms
may resolve rapidly, a major drawback to this approach is possible
overuse of broad-spectrum antibiotics. Additionally, antibiotics may be
associated with adverse effects, some of which may mimic symptoms
of bacterial overgrowth, such as diarrhea and abdominal discomfort.

Laboratory studies, including measurement of serum D-lactate and
blood alcohol and qualitative urine indicans, are initial screening stud-
ies that may aid in detecting bacterial metabolites or by-products [53].
Routine electrolyte measurements may identify unexplained acidosis.
Some bacteria in excess may produce high concentrations of serum
folate [54]. Malabsorption due to overgrowth effects may identify
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low serum concentrations of fat-soluble vitamins such as vitamin A,
D, and E. Although rarely performed, in patients who have vitamin
B12 deficiency, bacterial overgrowth may be diagnosed during the last
stage of the Schilling test if antibiotic administration normalizes the
absorption of vitamin B12 [55]. Bacterial overgrowth may be suspected
radiographically if an upper gastrointestinal series shows hypomotility,
partial obstruction, dilatation, diverticuli, or other mechanical fac-
tors associated with delayed gastrointestinal motility as evidenced by
infrequent or decreased stool output [56].

The identification of bacterial overgrowth in the small intestine by
any of the previously described tests does not prove a causal relation-
ship to the associated symptoms because some affected patients do
not have clinically significant disease. In fact, in the absence of gut
inflammation, bacterial overgrowth may often be asymptomatic [11].
A small-bowel biopsy can identify the inflammation associated with the
negative effects of overgrowth and helps to exclude other causes of mal-
absorption such as celiac disease. Inflammation of the small bowel and
colon due to bacterial overgrowth occurs in affected patients secondary
to reactions from absorbed bacterial antigens. Successful treatment of
severe bacterial overgrowth with acetylsalicylic acid preparations and
corticosteroids has been reported, an observation that is consistent with
the importance of intestinal inflammation in the cause of symptoms
[57]. Measurement of fecal calprotectin must also be of assistance in
the identification of intestinal inflammation associated with pathogenic
states of bacterial overgrowth [58].

TREATMENT

Antibiotics
Treatment for small-bowel bacterial overgrowth is usually first
attempted using broad-spectrum antibiotics. Several different com-
binations have been used by different investigators and are listed
in Table 11.1 [59]. Empiric trials of therapy may also aid in the
diagnostic process. The goal of antibiotic therapy should not be to
eradicate the flora but to suppress the total numbers of bacteria
or alter it in a way that leads to symptomatic improvement. The
selection of antimicrobial agents ideally should be specific for the
predominant undesirable organisms associated with bacterial over-
growth and the promotion of beneficial species such as lactobacilli and
bifidobacteria.

Effective antibiotic treatment should cover both aerobic and anaero-
bic enteric bacteria but because of trends in microbial resistance, many
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patients do not respond adequately to monotherapy. Adequate antimi-
crobial coverage can be achieved with combinations of amoxicillin–
clavulanate or oral gentamicin and metronidazole [60]. A combination
of cephalosporin such as cephalexin or trimethoprim–sulfamethoxazole
with metronidazole has also been reported to be effective as evidenced
by a decrease in overgrowth symptoms [61, 62]. More recently, trials of
rifaximin, a nonabsorbable antibiotic, suggest that it has some efficacy
in bacterial overgrowth [63, 64]. Probiotic therapy has been attempted
in a few patients but the results are mixed [65, 66]. Probiotic therapy
is not commonly recommended for the treatment of overgrowth and
has the possibility of exacerbating the problem by adding additional
organisms.

Antibiotics may be given during the first 5–7 days of each month, or
given one out of every 2–4 weeks if needed. A single course of antibi-
otic therapy for 7–10 days may improve symptoms and has an effect
lasting for months. They may even be given continuously until they stop
working, in which case rotating to a different antibiotic protocol may
be necessary. It is usually unnecessary to repeat diagnostic testing if
symptoms or objective measures of malabsorption respond to treatment.
Because of recurrent symptoms, some patients require repeated courses
of therapy, and others need regularly scheduled treatment (such as the
first 5–10 days of every month or every other week). In these patients,
rotating antibiotic regimens may help to prevent the development of
resistant bacterial species [67].

Dietary Support
Most small-bowel bacteria are carbohydrate fermenters and taking
away the substrate for bacterial metabolism may be effective in treat-
ing some of these patients. This usually involves a high-fat, low-
carbohydrate diet [68]. Fat is not significantly metabolized by the
bacteria and supplies a source of energy. Decreasing the carbohydrate
may lessen the development of D-lactic acidosis, the production of
small-bowel gas, bloating, and discomfort. In some cases however,
excess consumption of fat may be associated with the development of
kidney stones and low serum calcium and magnesium levels due to the
coexistence of fat malabsorption.

The type of fat administered is a subject of controversy. Substitution
of medium-chain triglycerides in the diet is probably of little value
because the coefficient of absorption for medium-chain triglycerides
is only slightly better than for long-chain triglycerides, and their
caloric density is less [69]. Furthermore, despite their water solubil-
ity, medium-chain triglycerides are at least partially absorbed via the
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intestinal lymphatics, which limit their usefulness. The majority of
the evidence suggests that use of long-chain triglycerides significantly
enhances bowel adaptation and is especially useful in early stages of
rehabilitation after intestinal resection [70].

Individual nutrient support is important for all patients with bac-
terial overgrowth, particularly those who have significant weight loss
or evidence of micronutrient deficiency as evidenced in laboratory
assessments or by physical exam. Deficiencies of calcium, vitamin
B12, or vitamin K are common and should be corrected. Certain
nutrient changes may also alleviate symptoms. Because lactase defi-
ciency develops in many adult patients who have bacterial overgrowth,
avoidance of lactose-containing foods may be suggested.

Mechanical Methods
Periodically flushing the GI tract small intestine with polyethylene
glycol solution may be needed especially in recalcitrant patients or
those resistant to antibiotic therapy that may have dysmotility or dilated
bowel. This technique may help to mobilize viable bacteria that are
embedded in intestinal mucus [11].

Conditions associated with intestinal stasis should be corrected when
possible. An example is the avoiding of the administration of drugs
known to decrease intestinal motility (i.e., loperamide) or reduce gas-
tric acidity (i.e., proton pump inhibitors). In cases of sluggish motility,
which occurs naturally as a compensatory mechanism in short bowel
syndrome, methods to enhance motility such as surgical bowel-tapering
procedures of dilated bowel segments may be attempted [71]. The ben-
eficial use of prokinetic drugs such as cisapride or erythromycin has not
been well documented. Persistent inflammatory changes may respond
to anti-inflammatory agents such as mesalamine, budesonide, or even
systemic corticosteroids but are often not required.

The underlying cause of bacterial overgrowth is usually not eas-
ily reversible and may require surgery. For example, surgery may
be beneficial in patients with bacterial overgrowth associated with
extreme bowel dilation [71]. A variety of surgical techniques have been
described, all involving intestinal tapering or lengthening. However, in
many cases, surgery is not an option unless significant bowel dilatation
is present [72].

CONCLUSION

Small intestinal bacterial overgrowth has been recognized for some
time as a cause of malabsorption and a complication of short bowel
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syndrome. It has now been identified in other situations such as irri-
table bowel syndrome, although its contribution to pathophysiology is
controversial. It is characterized by a variety of signs and symptoms
resulting from an increased number and/or abnormal type of bacte-
ria in the small intestine. The diagnosis of overgrowth is imprecise
as techniques currently used have not undergone scientific validation.
Treatment varies depending on the underlying cause and the presence
or the absence of inflammation.
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Summary

Celiac disease (CD) is an autoimmune disorder occurring in genet-
ically susceptible individuals, triggered by gluten and related pro-
lamins, and plant storage proteins found in wheat, barley, and rye.
It affects primarily the small intestine, where it progressively leads
to flattening of the small intestinal mucosa and subsequent nutrient
malabsorption. Its pathogenesis involves interactions among genetic,
environmental, and immunological factors. Well-identified haplo-
types in the HLA class II region (DQ2, DQ8) confer a large part
of the genetic susceptibility to CD. Four possible presentations of
CD are recognized: (1) typical, characterized mostly by gastroin-
testinal signs and symptoms; (2) atypical or extra-intestinal, where
gastrointestinal signs/symptoms are minimal or absent and a num-
ber of extra-intestinal manifestations are present; (3) silent, where
the small intestinal mucosa is damaged and CD autoimmunity can
be detected by serology, but there are minimal or no symptoms; and
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finally (4) latent: these individuals, who possess genetic compatibil-
ity with CD and may also show positive autoimmune serology, have
a normal mucosa morphology and may or may not be symptomatic.
The diagnosis of celiac disease still rests on the demonstration of
changes in the histology of the small intestinal mucosa. Currently,
serological screening tests (serum levels of IgA–anti-tissue transglu-
taminase are generally acknowledged as the first choice) are utilized
primarily to identify those individuals in need of a diagnostic endo-
scopic biopsy. Serology, including the newer anti-deamidated gliadin
peptides, is also employed in monitoring the response to a gluten-free
diet, which constitutes the only available treatment. Newer forms of
treatment which will probably be available include enzymes degrad-
ing gluten to be ingested with meals; the use of substrates regulating
intestinal permeability so as to prevent gluten entry across the epithe-
lium; the development of genetically modified grains; and finally the
development of different forms of immunotherapy.

Key Words: Celiac, Malabsorption, Chronic diarrhea, Autoimmunity,
Diabetes, Down syndrome, Short stature, Gluten, Gliadin, Tissue
transglutaminase, Anti-endomysium antibodies, Deamidated gliadin peptides,
Marsh, Villous atrophy, Intraepithelial lymphocytes, Refractory sprue, EATL,
Enamel hypoplasia

INTRODUCTION

Celiac disease (CD) is an autoimmune disorder which occurs in
genetically susceptible individuals, is triggered by a well-identified
autoantigen (gluten and related prolamins), and affects primarily the
small intestine, where it progressively leads to flattening of the small
intestinal mucosa. Three cereals contain gluten and are therefore toxic
for celiac patients: wheat, rye, and barley [1].

The genetic susceptibility to CD is conferred by well-identified hap-
lotypes in the HLA class II region: either DR3 (or DR5/ DR7) or HLA
DR4. Such haplotypes are expressed on the antigen-presenting cells of
the mucosa, with the heterodimer DQ2 being present in about 90% of all
celiac disease patients and the heterodimer DQ8 occurring in 5–8% of
patients. In the few remaining patients, half of the above heterodimers
are found which seems to be sufficient enough to confer susceptibil-
ity to the disease. Recent studies have been able to quantify the risk
conferred by different genetic assets [2].

EPIDEMIOLOGY

The availability of sensitive and specific serological tests has allowed
for the detection of minimally symptomatic or even asymptomatic
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cases of CD, providing a more accurate estimate of its true preva-
lence. This has led to an increased prevalence of CD which is thought
to affect about 1% of the general population throughout Europe and
North America [3]. Recent evidence suggests that the prevalence of CD
continues to increase, in both Europe [4] and the USA [5].

Its prevalence in other areas of the world, however, has been less
studied. Cases of CD have been reported in Latin America, North
Africa, the Near and Middle East, and northwest India with an almost
similar prevalence rate to those indicated above when such data are
available [6]. In some ethnicities, such as in the Saharawi population,
celiac disease has been found in as many as 5% of the general popu-
lation [7]. Thus, it is fair to assume that celiac disease constitutes one
of the most common genetically induced chronic diseases. However,
it is extremely rare in people from African, Chinese, or Japanese
descent, where the prevalence of the HLA haplotypes DQ2 and DQ8
is negligible.

Although gluten is the major environmental factor involved, there
are other less known important risks for development of celiac disease,
such as the timing of gluten introduction into the infant diet (where
there is a higher risk of developing CD if gluten is introduced dur-
ing the first 3 months of life [8]); the amount of gluten consumption
(with an increased risk of disease with a higher intake of gluten) [9];
breast feeding at the time of gluten introduction which has been found
to have a protective effect against the development of CD [10]; and
lastly, there may also be a role for intestinal infections in infancy, which
has been suggested by the finding that frequent rotavirus infections are
more common in celiac children than in matched controls [11].

PATHOPHYSIOLOGY

Immunology
Celiac patients present with a complex immunological reaction to
ingested gluten encompassing both innate and adaptive immunity and
leading to progressive inflammation and severe destruction of the
mucosal lining of the small bowel.

ADAPTIVE IMMUNITY

The adaptive immune response to gluten has been described with the
identification of specific peptide sequences that bind to HLA-DQ2 or
HLA-DQ8 molecules and stimulate gluten-specific CD4 T cells. These
T cells express α/β T-cell receptor (TCR) and can be isolated from the
lamina propria (LP). They have been shown to recognize specific gluten
peptides presented through interaction with DQ2 or DQ8 molecules.
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Gluten is a complex macromolecule containing a large amount of
proline and glutamine residues which make it largely indigestible.
Among the undigested peptides, one particular peptide fragment (the
alpha gliadin 33-mer) contains an immunodominant peptide fragment,
which after crossing the subepithelial layer is deamidated by the
enzyme tissue transglutaminase 2 (TG2). Such modification creates a
strong negative charge within the peptide and increases its affinity for
the binding pockets of the HLA-DQ2 or HLA-DQ8 molecules on the
antigen-presenting cells. This binding then leads to the induction of
T-cell proliferation and a Th1 cytokine response, primarily with the
release of interferon-γ.

INNATE IMMUNITY

Intraepithelial CD8+ TCRαβ T lymphocytes (IELs) play an impor-
tant role in the destruction of epithelial cells. Through specific natural
killer receptors, expressed on their surface, IELs recognize MHC-I
molecules, induced on the enterocyte surface by stress and inflam-
mation. This interaction activates these IELs to become lymphokine-
activated killer cells, which then cause epithelial cell death [12]. This
process is enhanced specifically via the cytokine IL-15, which is highly
expressed in celiac mucosa.

As a result of the immunologic mechanisms, which are briefly out-
lined above, the following pathologic changes can be seen in celiac
disease.

Pathology
The classic celiac lesion occurs in the proximal small intestine, with
typical histological changes including villous atrophy, crypt hyperpla-
sia, and increased intraepithelial lymphocytosis. Classified by Marsh
([13], see below), several distinct and progressive histological stages
have been described as follows:

a. Type 0 or pre-infiltrative stage (completely normal histology);
b. Type 1 or infiltrative stage (increased intraepithelial lymphocytes);
c. Type 2 or hyperplastic stage (type 1 + crypt hyperplasia);
d. Type 3 or destructive stage (type 2 + villous atrophy with progressive

severity categorized as a, b, and c).

CLINICAL PRESENTATION

While the original description of the manifestations of celiac disease
was centered on its gastrointestinal and nutritional components, we
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have come to realize that not only can it result in a wide variety
of clinical presentations, but sometimes it can exist in the complete
absence of gastrointestinal symptoms. Indeed asymptomatic or min-
imally symptomatic cases of celiac disease are probably the most
common, especially in older children and adults.

The four possible presentations of CD are described below [1] (see
Table 12.1):

Table 12.1
Possible presentations of celiac disease (all subjects are positive for HLA-DQ2
and/or HLA-DQ8 and may also show positive celiac disease autoimmunity)

Typical Gastrointestinal signs/symptoms predominate:
• Diarrhea
• Vomiting
• Failure to thrive
• Anorexia
• Recurrent abdominal pain
• Constipation

Atypical or
extraintestinal

Gastrointestinal signs/symptoms are minimal or absent.
Most common signs/symptoms of extraintestinal celiac
disease are reported in Table 12.3

Silent No signs/symptoms. Gluten-dependent duodenal mucosal
changes confirm the diagnosis of celiac disease

Latent No signs/symptoms. Duodenal mucosa is normal.
Gluten-dependent changes with or without symptoms to
appear later in time

• Typical: Gastrointestinal signs and symptoms predominate. In this cate-
gory, serology for CD is almost invariably positive and bioptic findings
confirm the diagnosis.

• Atypical: Gastrointestinal signs and symptoms are minimal or absent,
but there are various extraintestinal manifestations present. Serology for
CD is positive and bioptic findings confirm the diagnosis.

• Silent: The small intestinal mucosa is damaged (Marsh II–III) and CD
autoimmunity can be detected by serology. However, these subjects do
not have any overt symptoms.

• Latent (or “potential”): Asymptomatic patients, with a normal or
minimally abnormal mucosa (Marsh 0–I). These individuals have a
genetic susceptibility to CD and may also have positive autoimmune
serology. Recent studies show that full-blown CD may ensue at a later
time in at least some of these individuals [14].
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“Typical” Celiac Disease: Gastrointestinal Manifestations
The so-called typical form of CD presents with gastrointestinal
symptoms and is more prevalent in children than in adults, with a
peak age at diagnosis between 6 and 24 months of age. A typical
celiac young girl is exemplified by the patient in Fig. 12.1. Symptoms
begin at variable times after the introduction of foods containing gluten.

Fig. 12.1. A young child with “typical” celiac disease. This girl is 24 months
old. Note the sad, irritabile expression, the emaciated extremities, and very
protuberant abdomen.
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Infants and young children typically present with chronic diarrhea,
anorexia, abdominal distension, abdominal pain, poor weight gain or
weight loss, and recurrent vomiting. The diarrhea is most commonly
described as three to five bulky, foul-smelling bowel movements per
day. The stools are occasionally frothy and may float in the toilet
water. Undigested food particles are rarely observed, as the intralu-
minal digestive processes are generally intact. With delayed diagnosis
severe malnutrition can occur. Behavioral changes are common and
include irritability and an introverted attitude. Rarely, severely affected
infants present with a “celiac crisis” characterized by explosive watery
diarrhea, marked abdominal distension, dehydration, hypotension, and
lethargy, often with profound electrolyte abnormalities including severe
hypokalemia.

In older children and teenagers, as well as in adults, CD commonly
presents with gastrointestinal manifestations consisting of intermit-
tent, recurrent diarrhea with one to three bowel movements per day.
The stools have the same appearance to those previously described
for younger children, although they tend to be more watery. Other
commonly associated GI and systemic symptoms commonly include
abdominal bloating, discomfort, and weight loss; with the latter in part
being due to a voluntary reduction in food intake secondary to a fear of
feeling bloated or experiencing diarrhea upon eating. This is different
from what is seen clinically in patients with irritable bowel syndrome.

“Atypical” Celiac Disease: Extraintestinal Manifestations
An increasing number of patients, especially at an older age, are being
diagnosed with CD without having typical gastrointestinal manifesta-
tions [15]. It is reasonable to assume that currently more than 50% of
patients with newly diagnosed CD do not present with gastrointesti-
nal symptoms. As mentioned earlier, there appears to be a relationship
between the age of onset and the type of clinical presentation with
gastrointestinal symptoms and failure to thrive occurring predominantly
in infants and toddlers, minor GI symptoms, inadequate weight and
height gain and delayed puberty taking place in children, and anemia
primarily in teenagers and young adults. In older adults and in the
elderly, minor GI symptoms are more prevalent. Table 12.2 summarizes
the main extraintestinal manifestations of celiac disease, which are
discussed below in further detail.

• Dermatitis herpetiformis: A blistering skin rash which involves the
elbows, knees, and buttocks and is associated with dermal granular
immunoglobulin (Ig) A deposits. The rash as well as the mucosal mor-
phology improves on a gluten-free diet (GFD). It should be emphasized
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Table 12.2
“Atypical” (or “extraintestinal”) celiac disease

Main presenting signs/symptoms

• Dermatitis herpetiformis
• Permanent enamel hypoplasia
• Iron deficiency anemia resistant to PO Fe
• Short stature, delayed puberty
• Chronic hepatitis with hypertransaminasemia
• Arthritis
• Osteopenia/osteoporosis
• Epilepsy with occipital calcifications
• Primary ataxia, white matter focal lesions
• Psychiatric disorders

that dermatitis herpetiformis is a rare occurrence in children and is
almost exclusively described in teenagers and adults.

• Dental enamel hypoplasia: These enamel defects involve only the per-
manent dentition and may be the only presenting manifestation of celiac
disease. Often, no or minimal gastrointestinal symptoms are present.

• Iron deficiency anemia: Iron deficiency anemia, resistant to oral iron
supplementation, has been shown to be the most common extraintestinal
manifestation of celiac disease in adults in several studies. In children,
however, while the finding of anemia is common, iron deficiency is
seldomly seen as the sole presenting sign.

• Short stature and delayed puberty: Short stature may be the only
manifestation of celiac disease. As many as 10% of children with
“idiopathic” short stature may have CD that can be detected by sero-
logic testing. Some cases of short stature in the context of CD also
have impaired growth hormone production, which can be confirmed by
provocative stimulation tests. This usually normalizes with consumption
of a gluten-free diet. Adolescent girls with untreated celiac disease may
have delayed onset of menarche.

• Chronic hepatitis and hypertransaminasemia: Patients with untreated
CD commonly have elevated transaminases (ALT, AST). It is estimated
that as many as 9% of patients with elevated transaminase levels of
unclear etiology may have silent celiac disease. Liver biopsies in these
patients show nonspecific reactive hepatitis. In the majority of cases,
liver enzymes normalize on a gluten-free diet.

• Arthritis and arthralgia: Arthritis can occur in adults with celiac
disease, even while on a gluten-free diet. Up to 3% of children with
juvenile chronic arthritis may have celiac disease [16].
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• Osteopenia/osteoporosis: At the time of diagnosis approximately 50%
of children and 75% of adults have a low bone mineral density, even
reaching severe degrees that are consistent with osteoporosis. Bone min-
eral density improves in the majority of patients on a gluten-free diet and
may be normalized as soon as 1 year after initiation of diet in children.
However, the response to diet can be much less pronounced in adults.

• Neurological manifestations: A number of neurological conditions have
been attributed to CD in adults and, to a lesser extent, in children. Celiac
disease may cause occipital calcifications and intractable epilepsy that
can be resistant to anti-seizure medications, but may benefit from a
gluten-free diet if started soon after the onset of seizures [17]. An asso-
ciation with cerebellar ataxia is well described in adults, in which case
the term “gluten-induced ataxia” has been proposed [18].

• Psychiatric disorders: Although in recent years a large number of behav-
ioral disorders, such as autism, attention deficit-hyperactivity disorder,
have been thought to be caused by CD, there is no evidence thus far of
such a causal relationship. CD nevertheless can be associated with some
psychiatric disorders, such as depression and anxiety. These conditions
can be severe and usually will respond to a gluten-free diet.

Associated Diseases
Celiac disease is also known to be strongly associated with a number
of other disorders, and specifically with certain autoimmune conditions
and some genetic syndromes, the most common of which are listed in
Table 12.3.

The association of CD with autoimmune conditions has been
recognized for many years [19]. There is a strong positive correlation
between the older age at diagnosis of CD and the presence of

Table 12.3
Main conditions associated with celiac disease

Condition
Approximate prevalence of celiac
disease (%)

Insulin-dependent diabetes mellitus 8
Thyroiditis 5
Sjögren syndrome and other connective

tissue diseases
4

Down syndrome 12
Williams syndrome 5
Turner syndrome 5
First-degree relatives of celiac patients 8 − 10
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co-existing autoimmune disorders such as type I diabetes, thyroiditis,
alopecia, which suggests that the continuous ingestion of gluten (as it
occurs before the diagnosis is made) may induce the development of
other autoimmune conditions [20].

• Type 1 (insulin-dependent) diabetes: It is estimated that approximately
10% of patients with type 1 diabetes mellitus have typical features of
CD on duodenal biopsies. Many individuals with type 1 diabetes who
initially test negative for CD with serologic tests will eventually test
positive, which mandates the need for repeated testing. Since CD only
occurs in patients with specific HLA haplotypes as indicated above, an
algorithm has been developed to avoid repeated testing in all patients
with type 1 diabetes. In this algorithm, patients should be tested for
commonly associated haplotypes to determine the population at risk.
Re-screening with serological tests should then be performed only in
those patients who have a susceptible HLA haplotype.

• Typically, the diagnosis of diabetes precedes that of celiac dis-
ease by years, which most commonly presents with no or only
mild gastrointestinal symptoms [21]. As some of these symptoms
are also seen in patients with diabetes (e.g., bloating or diarrhea),
the diagnosis of CD may be missed, unless screening tests are
performed. Although there is no convincing evidence that a GFD has
any obvious effect on the course of diabetes, the diet is still rec-
ommended, in order to prevent long-term complications of CD that
can occur also in minimally symptomatic patients. Thus, the case for
screening type 1 diabetic for CD seems very reasonable.

• Down syndrome: The best-documented and well-known association of
CD with a non-autoimmune disorder is that with Down syndrome [22].
The prevalence of Down syndrome in CD, as assessed by screening
methods, has been found to be between 8 and 12%. The majority of
cases have some gastrointestinal symptoms, such as abdominal bloat-
ing, intermittent diarrhea, anorexia, or have failure to thrive; however,
about one-third of them do not have any gastrointestinal symptoms.
Similar to patients with diabetes, screening with serological markers has
been suggested in genetically susceptible cases (cases with HLA-DQ2
and/or HLA-DQ8). The same approach should be applied to screen for
CD in patients with Turner and Williams syndrome, where an increased
incidence of CD has also been reported.

DIAGNOSIS

The diagnosis of celiac disease is made by the following:

A. Documenting the histologic changes of the duodenal mucosa, which are
characterized by a progressive deterioration of the villous architecture
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associated with a progressive increase in crypt length and density,
while on a gluten-containing diet (see above). Biopsies are obtained
by endoscopy. It is recommended that multiple biopsies be obtained (at
least four), in order to avoid a false-negative result, which may occur in
the occasional patients with patchy lesions. Although endoscopically
visible changes have been described (scalloping or nodularity of the
mucosa and sparse duodenal folds), such findings are neither sensi-
tive nor specific and the diagnosis of CD should not depend on their
presence or absence.

B. Documenting the clinical and laboratory response to a gluten-free diet
particularly the disappearance of autoantibodies (anti-tissue transglu-
taminase or anti-endomysium antibodies) is key.

Evidence-based guidelines for the diagnosis approach of CD were
introduced in 2005 by the North American Society for Pediatric
Gastroenterology, Hepatology and Nutrition (NASPGHAN) [23].
These guidelines are similar to those previously proposed by the
European Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) in 1990 [24]. There is some evidence that
patients may fulfill the diagnostic criteria for CD even in the presence
of Marsh I or II changes only, especially when a high titer of anti-
endomysium antibodies is present (see below for the role of serology
in diagnosis of CD in such circumstances) [14].

The Role of Serology in the Diagnosis of Celiac Disease
In clinical practice, serologic tests are useful in identifying children
who may require an intestinal biopsy in order to diagnose CD. In addi-
tion, as mentioned previously, these tests can support the diagnosis in
patients with less characteristic histopathologic features of CD on small
intestinal biopsy and may also have a role in monitoring the response
to treatment.

There are a number of serologic tests that are commercially avail-
able. The anti-endomysial IgA antibody (EMA-IgA) and the anti-tissue
transglutaminase IgA (TTG-IgA) antibody tests have both proven to
be highly sensitive and specific with values approaching 95% in most
studies, in both adults and children.

Elevated levels of anti-EMA, when associated with gastrointestinal
symptoms, seem to have an extremely high positive predictive value.
This appears to be true in both adults and children even in the presence
of minimal or no enteropathy (Marsh 0–II), which may make the small
bowel biopsy unnecessary in this situation. It should, however, be
emphasized that this does not apply to the patients with only TTG-IgA
positivity.
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TREATMENT

Complete and lifelong avoidance of gluten ingestion is the only treat-
ment currently available for celiac disease. Wheat, rye, and barley
are the grains containing toxic peptides. In symptomatic patients who
adhere to a gluten-free diet, the gastrointestinal symptoms resolve in a
short period of time, typically within a few weeks for children, but up to
a few months in adults. Normalization of hematological and biochem-
ical parameters can be expected to follow. In children, improved rate
of growth with respect to both height and weight, with an end result of
normal stature, is the norm. The decrease in bone mineralization, which
is seen in up to 50% of cases at the time of diagnosis, is also expected to
resolve within about a year. The physical and psychological well-being
of the affected child will also improve when placed on a GFD.

In some adult patients, persistence of some of the symptoms as
well as of various degrees of intestinal inflammation has been recently
reported [25] in spite of a reliable adherence to a gluten-free diet.

For a long time, elimination of oats from the diet had been rec-
ommended. However, a growing body of scientific evidence obtained
from in vitro studies as well as from clinical investigations has demon-
strated that they are safe in the vast majority of celiac patients. This
is true mostly for adults but has more recently been shown to be the
case in children as well [26–30]. Secondary to uncontrolled harvesting
and milling procedures, as well as the possibility that lines employed
in the manufacturing of wheat-based flours are also used in the prepa-
ration of oats-based foods, cross-contamination of oats with gluten is
still a concern. This calls for great caution in selecting oat-containing
products.

In the initial phases of dietary treatment, lactose is often elimi-
nated too, as relative lactase deficiency is thought to accompany the
flat mucosa. However, this may not be true for many of the cases that
are recently being diagnosed which do not manifest with overt malab-
sorption. Furthermore, even in cases with obvious malabsorption, the
recovery of lactase activity is typically fast, with a lactose-free diet
being necessary for only a short period of time.

Although the possibility of an association between celiac disease and
milk protein allergy has been repeatedly raised in past years, however,
the current thought is that these two conditions may simply co-exist,
which makes avoidance of “dairy products” in all patients with CD
unnecessary.

The American Dietetic Association (http://www.eatright.org/) has
published guidelines for the dietary treatment of CD patients. These
guidelines are periodically reviewed and provide a reliable source of
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information for a GFD. However, given the dynamics of this field,
the diet requires ongoing collaboration between patients, health-care
providers, and dietitians. In this regard, a recently proposed score might
prove to be useful [31].

Recently, new therapeutic possibilities are appearing at the horizon.
Celiac patients appear to have a higher intestinal permeability, possibly
caused by increased presence of the paracrine protein zonulin. Thus,
an octapeptide (larazotide) with homology to zonulin was developed
in order to block the zonulin receptor, thus increasing the tightness of
the tight junctions and greatly limit the entry of gliadin peptides across
them. Such preparation appeared safe in a pilot study on celiac patients
in remission and controls, and it proved able to prevent the increase
in intestinal permeability after a challenge with gluten [32]. Further
studies are in progress with this promising strategy.

Another strategy is also actively pursued, based on the ability of some
bacterial enzymes to completely digest gluten, thus potentially detoxi-
fying it before any sizeable amounts reach the small intestinal mucosa
[33]. On this basis, a commercial preparation consisting of a glutamine-
specific endoprotease and a prolyl endopeptidase [34] called ALV-003
has been developed and is currently being experimented. Preliminary
studies in adult patients with celiac disease with this preparation appear
promising [35].

It is therefore quite likely that within the next few years celiac
patients will have at their disposal some new pharmaceutical prepara-
tions to help them cope with the risk of inadvertent gluten ingestion, as
they continue to follow their gluten-free diet.

COMPLICATIONS

Refractory Celiac Disease
Better known by the older terminology as “refractory sprue,” refrac-
tory CD is a very severe form of celiac disease that does not respond
to a gluten-free diet [36]. Refractory CD most commonly occurs in
adults or elderly patients who have been suffering from malabsorptive
symptoms for a long time prior to being diagnosed. This condition is
further classified into type I and type II on the basis of gamma chain
T-cell clonal rearrangement and aberrant T-cell phenotypes. Type II
refractory celiac disease is the most aggressive form, leading to the
most feared complication of celiac disease: the enteropathy-associated
T-cell lymphoma (EATL). As a consequence, refractory CD results in
an increased mortality rate, with a 5-year survival rate of 80–96% for
patients with type I refractory CD and 44–58% for type II cases [36].
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When examining the survival rate of those patients with type II refrac-
tory CD who developed EATL, then the survival rate at 5 years is a
dismal 8% [37]. Of interest, epidemiological studies have shown that
if EATL has not developed within 3 years of diagnosis and initiating
a gluten-free diet, the risk of developing this complication diminishes
significantly, to even lower than that expected in the general population
[38]. Recently, in a prospective trial, treatment with an autologous stem
cell transplant has been utilized with some success in these patients
[39].

Increased Mortality Rate
Aside from the risks related to refractory CD, evidence is mounting
that unrecognized, and hence untreated, celiac disease may carry a risk
for increased mortality rate [40]. There appears to be a positive cor-
relation between diagnostic delay and/or insufficient compliance with
the diet and decreased life expectancy, which has been documented
in a large retrospective study in Italy [41]. More recently, increased
mortality has also been reported in undiagnosed patients (based on
elevated serum TTG-IgA) in the United States [5] and in Europe
[42–44].

However, a very recent population-based large study in Minnesota,
USA [45], concluded that older adults with undiagnosed celiac disease,
while presenting with clearly reduced bone health, had otherwise quite
limited comorbidity and no increase in mortality compared to controls.

In conclusion, in spite of some uncertainties on the real long-
term impact of maintaining a gluten-containing diet in asymptomatic
individuals with celiac disease, it is fair to state that an aggressive strat-
egy for early detection and treatment of patients with celiac disease,
especially young ones, appears justified.
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Summary

A rare and chronic infection occurring primarily in Caucasian males
and caused by the microorganism Tropheryma whipplei, Whipple dis-
ease involves the small intestine, where it leads to malabsorption,
but it also causes a systemic infection with extraintestinal signs and
symptoms. It is currently thought that an abnormal host response
may play a central role in the pathogenesis of the disease, as the
monocyte/macrophage function appears impaired. The clinical man-
ifestations vary widely: as in the majority of cases the small intestine
is involved, diarrhea is a predominant symptom, often associated with
various degrees of malabsorption and fatigue. Extraintestinal man-
ifestations are less common but are well described. They include
seronegative arthritis, fever or neurological symptoms. Whipple
disease should be considered in the differential diagnosis of mal-
absorption as well as in patients with unexplained weight loss,
arthritis, culture negative endocarditis and fever of unknown origin.
Endoscopy with small intestinal mucosal biopsy is the diagnostic
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test of choice and is required for a definitive diagnosis. Treatment
consists in a prolonged course of antibiotic therapy. Many antibi-
otic regimens effective against gram-positive organisms have been
used successfully to treat Whipple disease. In patients who complete
a course of effective antibiotic therapy, the prognosis is excellent.
Extraintestinal symptoms often disappear within a few days and gas-
trointestinal symptoms frequently resolve within 1 month. Within a
few months, most patients are asymptomatic. However, despite the
initial response to antibiotic therapy, relapses are common: they can
occur during treatment or even months to years after its completion.

Key Words: Whipple disease, Tropheryma whipplei, Diarrhea, Steatorrhea,
Malabsorption, Arthritis, Fever, Weight loss, Lymphadenopathy,
Hyperpigmentation, Anemia, Small intestinal Mucosal biopsy, PAS-positive
macrophages, Electron microscopy, Trimethoprim–sulfamethoxazole

INTRODUCTION

Whipple disease is a rare, chronic, systemic infection caused by
Tropheryma whipplei. The clinical manifestations vary widely. In the
majority of cases, the small intestine is involved, resulting in diarrhea
and malabsorption. Extraintestinal manifestations include seronegative
arthritis, fever, or neurological symptoms. An important advance in
our understanding of Whipple disease occurred when the uncultured
bacillus of Whipple disease, Tropheryma whippelii [1], was identified
using PCR techniques. Subsequently, the bacterium was successfully
cultured in vitro, permitting antibiotic susceptibility testing [2]. These
developments have led to the design of more specific diagnostic testing
[3, 4].

EPIDEMIOLOGY

Whipple disease occurs primarily in Caucasians with a strong male
predominance. The disease is most common between the fourth and
sixth decades of life [5–10]. Although there are no clearly defined
geographic or environmental risk factors, Whipple disease appears to
be more common in farmers and individuals involved in farm-related
trades [5].

ETIOLOGY AND PATHOGENESIS

A major advance in the understanding of the pathogenesis of Whipple
disease occurred with the identification of the causal bacterium,
T. whipplei, using PCR amplification of 16S ribosomal RNA [11]
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of intestinal tissues from patients with Whipple disease [1, 12].
Subsequently, T. whipplei was identified in various nonintestinal sites
and has been cultured from human samples, including the CSF
[13–16], consistent with the systemic nature of the disease [17, 18].
Phylogenetic analysis of T. whipplei places it within the class of
Actinobacter [19].

T. whipplei appears to be a ubiquitous, commensal organism whose
mode of transmission remains uncertain. Although the disease has been
reported in families on a few occasions [20–22] direct person-to-person
transmission has not been documented. These observations are con-
sistent with a common environmental exposure and shared genetic
susceptibility.

The finding of asymptomatic carriers of T. whipplei [23–27] and
the striking clinical features of the disease with the persistence of
intracellular bacteria in macrophages of patients with Whipple dis-
ease suggests that an abnormal host response may play a central role
in the pathogenesis. In addition, many studies assessing the immune
response to T. whipplei in vitro and in patients with Whipple disease
reveal findings that strongly suggest an abnormal immune response
and defective host defense which leads to the inability of the host
to eliminate the causal bacteria [28–37]. These data demonstrate that
underlying defects of monocyte/macrophage function play an impor-
tant pathophysiologic role in the development of Whipple disease.
Achieving a better understanding of the process of immune evasion
has important clinical implications in patients with Whipple disease.
Specifically, immunomodulating therapy with interferon-γ may be ben-
eficial [38] and immunosuppressive therapy for chronic inflammatory
arthropathy may be associated with the appearance or exacerbation of
gastrointestinal symptoms [39, 40].

PATHOLOGY

In Whipple disease, the lamina propria of the small intestinal mucosa
is infiltrated by large foamy macrophages that grossly distort normal
villus architecture resulting in a blunted, club-like appearance. The
cytoplasm of these macrophages is filled with large glycoprotein gran-
ules that stain with PAS. The lymphatic channels in the mucosa and
submucosa are dilated. Electron microscopy reveals the characteristic
rod-shaped bacillary bodies in the lamina propria, most abundant just
beneath the absorptive epithelium [41–46]. The bacilli are often seen
within the PAS-positive macrophages. Most of the PAS-positive glyco-
protein within the macrophages represents remnants of the cell wall of
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the phagocytosed bacilli. PAS-positive macrophages and the character-
istic bacilli have been identified in many nonintestinal tissues [47–51]
as well, consistent with the systemic nature of the disease. Treatment
is associated with a marked decrease in PAS-positive macrophages in
the lamina propria; however, a few PAS-positive macrophages in patchy
distribution often persist at long-term follow-up [52].

Clinical Features
The clinical presentation of Whipple disease consists of multiple
gastrointestinal and extraintestinal symptoms that are highly vari-
able (Table 13.1). Due to small intestinal involvement, gastrointestinal
symptoms suggestive of malabsorption, particularly steatorrhea, with
associated anorexia and weight loss are common. Diarrhea is the most
common presenting complaint [6] and is present in approximately
three-fourths of patients at the time of diagnosis [7–9]. However,
although diarrhea affects most patients with Whipple disease, it is
not invariably present. When present, the diarrhea is typically charac-
terized as multiple large, watery, or semiformed stools suggestive of
steatorrhea. Weight loss is the second most common presenting com-
plaint in patients with Whipple disease and is present in most patients
[6–9]. Severe cachexia may result from anorexia and malabsorption.
Other less common gastrointestinal symptoms include abdominal bloat-
ing, distention, and cramps. Occasionally, gastrointestinal bleeding can
occur; however, when present it is most often occult [9]. Constitutional
symptoms such as fatigue and generalized weakness are also common.
If malabsorption is unrecognized and untreated, specific vitamin and
nutritional deficiencies and their associated symptoms may occur. As
hypoalbuminemia occurs, ascites and peripheral edema may develop.

Table 13.1
Clinical manifestations of Whipple disease

Gastrointestinal Extraintestinal

Diarrhea Arthritis or arthralgias
Weight loss Fever
Anorexia Fatigue and lethargy
Abdominal cramps Lymphadenopathy
Abdominal bloating Hyperpigmentation
Hepatomegaly Heart murmurs
Splenomegaly Cognitive deficits

Visual changes
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Occasionally patients present only with extraintestinal symptoms,
such as arthritis and fever, in the absence of gastrointestinal symptoms
such as diarrhea (Table 13.1). Extraintestinal symptoms may precede
gastrointestinal symptoms by many years. Given the nonspecific nature
of the extraintestinal symptoms, there is often a delay of months to
years prior to diagnosis. Arthritis is the most common extraintestinal
symptom and affects the majority of patients [6–9]. It is typically an
intermittent, migratory arthritis of both large and small joints and often
develops several months to years before the initial diagnosis of Whipple
disease. Some patients may only have arthralgias. Fever is the second
most common extraintestinal symptom and is typically low grade and
intermittent [6].

Numerous additional extraintestinal symptoms affecting multiple
organ systems often develop due to the systemic nature of the infec-
tion. Pulmonary involvement is frequently manifested by chronic cough
or pleuritic chest pain [6, 49, 53]. Cardiac involvement is often mani-
fested as congestive heart failure, valvular lesions, or pericarditis [6, 48,
53–57]. Endocarditis can occur in the absence of clinically evident
gastrointestinal disease [58–61].

Central nervous system (CNS) involvement in Whipple disease is
common; however, symptoms related to CNS involvement are present
in a minority of patients [62–67]. Neurological symptoms may occur
in association with gastrointestinal symptoms or as isolated symptoms
[5, 50, 68, 69]. Common CNS symptoms include dementia, paraly-
sis of gaze, and myoclonus while hypothalamic involvement may be
manifested by insomnia, hyperphagia, and polydipsia [5].

On physical examination, findings vary depending on the organ sys-
tems involved (Table 13.1). Nonspecific features related to severe mal-
absorption, such as emaciation and muscle wasting, are often present.
The most common physical findings are hyperpigmentation and periph-
eral lymphadenopathy [6, 8, 9]. These findings are seen in greater
than 50% of patients with Whipple disease. Other potential abdominal
findings include mild distention and tenderness. Hepatomegaly and
splenomegaly are uncommon [6, 9]. Ascites is also uncommon but
may be evident in the presence of severe hypoalbuminemia. Additional
physical findings that have been described in patients with Whipple
disease are related to its systemic nature. These include fever, periph-
eral arthritis, heart murmurs, pleural or pericardial friction rubs, and
ocular abnormalities. Finally, in the setting of CNS or cranial nerve
involvement, the neurological examination may reveal dementia, ataxia,
muscle weakness, sensory loss, and ophthalmoplegia.

Laboratory abnormalities are very common in patients with Whipple
disease. Due to malabsorption, most patients have steatorrhea with low
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serum carotene levels and hypoalbuminemia [6, 8, 9, 70]. Electrolyte
imbalances such as hypokalemia, hypomagnesemia, and hypocalcemia
may be present in patients with severe diarrhea. Normochromic-
normocytic anemia suggestive of chronic disease is very common
[5–9]. Occasionally, the anemia is hypochromic-microcytic due to iron
deficiency. Erythrocyte sedimentation rate is often elevated and the
prothrombin time is often prolonged secondary to malabsorption of
vitamin K [6].

DIAGNOSIS

Although rare, Whipple disease should be considered in the differen-
tial diagnosis of malabsorption as well as in patients with unexplained
weight loss, seronegative arthritis, culture negative endocarditis, and
fever of unknown origin. Endoscopy with small intestinal mucosal
biopsy is the diagnostic test of choice and is required for a defini-
tive diagnosis. Although biopsy is needed for diagnosis, endoscopic
mucosal lesions, including the characteristic finding of pale, shaggy,
yellow mucosa in the postbulbar duodenum, have been described
[71–73].

The histopathological appearance of the small bowel mucosa in
Whipple disease is distinct, unique, and usually diagnostic when
present. Infiltration of the lamina propria of the small intestine by
PAS-positive macrophages containing gram-positive, acid-fast-negative
bacilli with associated lymphatic dilation is specific and diagnostic of
Whipple disease. Electron microscopy should also be performed to
verify the presence of the characteristic bacillus. Electron microscopy
is particularly important during the follow-up of patients treated for
Whipple disease. Although PAS positivity may persist for many years
[6, 41, 74], electron microscopy in successfully treated patients shows
disappearance of the Whipple bacillus.

While radiologic evaluation is not diagnostic of Whipple disease, a
small bowel series or abdominal CT scan obtained in the evaluation of
patients with unexplained diarrhea and weight loss can provide clues. In
most patients with Whipple disease, the characteristic finding of marked
thickening of the mucosal folds is seen, particularly in the proximal
small intestine. In addition to the small bowel thickening, abdominal
CT typically reveals large paraaortic and retroperitoneal adenopathy
[6, 9, 75, 76].

PCR-based diagnostic tests are useful to confirm the diagnosis of
Whipple disease and to monitor the response during antibiotic treat-
ment [1, 3, 4, 12, 17, 18, 77–79]. In addition, PCR has been shown to
have clinical value in the diagnosis of extraintestinal Whipple disease
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[80–83]. A PCR assay on stool specimens may provide a diagnostic
tool that does not require endoscopy [84, 85].

The differential diagnosis of Whipple disease includes other mal-
absorptive diseases with diffuse small intestinal involvement, such as
celiac disease, and infiltrative diseases of the small intestine, such as
intra-abdominal lymphoma. These diseases can be readily differenti-
ated by small intestinal mucosal biopsy. Mycobacterium avium complex
(MAC) infection can mimic Whipple disease as it causes infiltra-
tion of the lamina propria with PAS-positive macrophages [86, 87];
however, MAC bacilli are acid-fast, whereas the Whipple bacillus
is not. PAS-positive macrophages in the intestinal lamina propria
can also be seen in systemic histoplasmosis and macroglobulinemia.
However, in systemic histoplasmosis, large, PAS-positive, rounded,
encapsulated Histoplasma organisms are easily seen in macrophages. In
macroglobulinemia, the faintly staining, homogeneously PAS-positive
macrophages are distinctly different from those found in Whipple
disease.

TREATMENT AND PROGNOSIS

Whipple disease is treated with a prolonged course of antibiotic therapy.
Many antibiotic regimens effective against gram-positive organisms
have been used successfully to treat Whipple disease [6, 41, 47,
88, 89]. Clinical experience has been confirmed by antibiotic suscep-
tibility testing with doxycycline, macrolides, aminoglycosides, peni-
cillin, rifampin, chloramphenicol, and trimethoprim–sulfamethoxazole
(TMP–SMX) found to be active against T. whipplei [90–92]. T. whipplei
is resistant to fluoroquinolones [90]. Despite the initial response to
antibiotic therapy, relapses are common. Relapses can occur during
treatment or months to years after completion of treatment [5, 6,
41, 65, 88]. CNS relapses tend to occur late and respond poorly to
additional antibiotic therapy.

Given the concern for CNS relapse [65, 68, 88] treating all patients
initially with an antibiotic that readily crosses the blood–brain bar-
rier, such as TMP–SMX, is usually recommended. One double-strength
tablet of TMP–SMX (160 mg of TMP and 800 mg of SMX) twice
daily for 1 year is the best option [88]. Starting treatment with par-
enteral penicillin G (1.2 million U/day) and streptomycin (1.0 g/day)
for 10–14 days may be of additional benefit [6, 88], resulting in the low-
est relapse rate. This should be considered in all patients with Whipple
disease, since compliance with the year-long prescribed regimen can be
limited. A reasonable regimen for patients who are allergic to or can-
not tolerate TMP–SMX is parenteral penicillin and streptomycin for
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10–14 days followed by oral ampicillin for 1 year. In addition to antibi-
otic treatment, if severe malabsorption and malnutrition is present,
supplementation of specific nutrients, such as folic acid, vitamin B12,
fat-soluble vitamins, and iron, should be given as replacement or to
prevent deficiency.

After 1 year of antibiotic therapy, a small intestinal mucosal biopsy
should be repeated to document the absence of residual bacilli.
Although PAS-positive macrophages may persist in the lamina propria
for many years in patients treated for Whipple disease, the presence
of bacilli on electron microscopy suggests inadequate treatment. PCR
for T. whipplei in the intestinal mucosa, if available, may provide use-
ful information regarding the adequacy of therapy and the likelihood of
relapse [3, 4].

In patients with Whipple disease who complete a course of effective
antibiotic therapy, the prognosis is excellent. Extraintestinal symptoms
often disappear within a few days and gastrointestinal symptoms fre-
quently resolve within 1 month. Within a few months, most patients are
asymptomatic. Once therapy has been stopped and intestinal biopsies
are negative for bacilli, patients should be carefully followed clinically
for evidence of relapse. If gastrointestinal or extraintestinal symp-
toms recur and relapse is suspected, small intestinal biopsy should be
repeated and the mucosa should be assessed for the presence of bacilli.
Treatment of a relapse of Whipple disease consists of a repeat course
of the initial therapy. Clinical relapses of gastrointestinal symptoms
and arthritis respond favorably to further antibiotic treatment, whereas
CNS relapse has a relatively poor prognosis. Combination therapy with
antibiotics and interferon-γ may be beneficial in patients with refractory
Whipple disease [38].
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INTRODUCTION

Diarrhea, as defined in Chapter 1 can be the result of numerous causes.
Although infectious agents are the most common causes of acute
and persistent diarrhea, a wide range of causes, both congenital and
acquired, can be responsible for chronic diarrheal disorders. In this
chapter, we will focus on those diarrheal conditions occurring both in
children and in adults that recognize a surgically treatable one. We will
distinguish them based on their duration: acute or chronic diarrheal dis-
orders (see Chapter 1 for definitions), examining them separately as
they occur in children and in adults, with the understanding that some
conditions (e.g., inflammatory bowel disease or Clostridium difficile
colitis) may well occur in both age groups.

PEDIATRIC SURGICAL DISORDERS PRESENTING
WITH DIARRHEA

Necrotizing Enterocolitis
Necrotizing enterocolitis (NEC) is an inflammatory necrosis of the
intestine that results in significant morbidity and mortality in premature
infants (see Table 14.1) [1, 2]. About 5–10% of infants born weighing
less than 1500 g develop NEC resulting in over 25,000 cases annually;
10–30% of affected babies will succumb to the disease, rendering NEC
the leading cause of death in these vulnerable infants [2, 3]. Despite
years of research, the exact etiology of NEC remains elusive; however,
it is presumed that the pathophysiology of this disease is multi-factorial.
Immaturity of the mucosal host defense in a vulnerable host (the prema-
ture infant), substrate provision by early enteral feeding, administration
of antibiotics altering the intestinal flora and promoting virulent bac-
terial colonization, hypoxia/intestinal ischemia due to perinatal stress,
and an exaggerated inflammatory immune reaction are all thought to
contribute to the development of epithelial cell injury and a weakened
mucosal defense system that allow for the onset of NEC in preterm
infants [3].

The clinical presentation of NEC is highly variable. Bilious emesis is
present in 75% of cases, and guaiac positive stools or hematochezia is
common. Infants may progress from periods of mild illness to periods
of severe, life-threatening sepsis. Current treatment of NEC is primar-
ily supportive; bowel rest, total parenteral nutrition, antibiotics, volume
resuscitation, and ionotropic support as indicated. The optimal time for
operative intervention is prior to bowel necrosis or perforation; how-
ever, there is no specific marker for these impending events. Indication
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for operation is pneumoperitoneum, while relative indications include
clinical deterioration, persistent acidosis, progressive thrombocytope-
nia, erythema of the bowel wall, portal venous gas, and the presence
of a fixed intestinal loop. The principles of operation are excision of
gangrenous bowel and exteriorization of viable ends with preservation
of bowel length. In the very low birth weight preemie, an alternative
to laparotomy is peritoneal drain placement. Overall, whether children
with NEC undergo exploratory laparotomy or placement of a peri-
toneal drain, survival is not affected [4]. Gastrointestinal continuity is
re-established when the child attains a body mass of 2–2.5 kg. The mor-
tality rate for infants requiring surgery ranges from 20 to 50% [5, 6].
Necrotizing enterocolitis is a major cause of short bowel syndrome
(SBS) in children (discussed later in the chapter).

Intussusception
Intussusception, a condition in which a segment of intestine is drawn
into the lumen of more proximal bowel, occurs in 1–3 per 1000 live
births in the United States making it the most common cause of pedi-
atric small bowel obstruction [7]. It most commonly presents in infants
that are 5–9 months of age (range 3 months to 3 years) [7] and is
most frequently ileocolic [8]. The etiology of intussusception is unclear.
Unlike in adults where most cases of intussusception have a pathologic
lead point (often a cancer), intussusception in children is thought to be
idiopathic, due to hypertrophy of Peyer’s patches secondary to a recent
or current infection [7, 7]. However, intussusception with a pathologic
lead point including a Meckel’s diverticulum, intestinal polyps, enteric
duplication cysts, or lymphoma has also been detected in children [9].

Clinically, children with intussusception present with crampy
abdominal pain, intervening periods of lethargy, vomiting, and bloody,
mucous-rich diarrhea often termed “currant jelly stool.” One in 10
children will have diarrhea before the signs and symptoms of intus-
susception become obvious. Occasionally, clinicians are able to palpate
an elongated mass in the right upper quadrant or epigastrium corre-
sponding to the intussusceptum, associated with an empty right lower
quadrant (Dance’s sign). Abdominal ultrasound is highly sensitive
and specific for making the diagnosis of intussusception, and it usu-
ally demonstrates the target or pseudokidney signs [10]. Hydrostatic
reduction of the intussusception is preformed with barium or air. The
main contraindication to hydrostatic reduction is peritonitis, including
gangrenous intestine which is an indication for immediate operative
management. Reduction is considered complete when there is reflux
of barium or insufflation of air into the terminal ileum. Review of the
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literature notes that failure of hydrostatic reduction and the need for sur-
gical intervention are higher in patients who present with greater than
24 h of symptoms [11]. Typically, exploratory laparotomy via a right
lower quadrant incision is performed. The intussusception is delivered
into the wound, and the intussusceptum is gently milked, reducing the
intussusception. If gangrenous bowel and/or a pathologic lead point are
detected, the area is resected and repaired primarily. An appendectomy
is generally preformed. The recurrence rate following operative inter-
vention is approximately 3%, which is lower than the 5–7% recurrence
rate following hydrostatic reduction.

Malrotation with Midgut Volvulus
Midgut volvulus results from abnormal intestinal rotation and fixation
during embryogenesis. Normal rotation and fixation anchor the small
and large intestine preventing twisting on itself. The broad base of
the mesentery, extending from the ileocecal junction and extending
obliquely to the ligament of Treitz, stabilizes the small bowel. When
rotation and fixation are complete at 12 weeks of gestation, the duo-
denum is fixed securely in the retroperitoneum behind the superior
mesenteric vascular pedicle, and the ascending and descending colon
are fixated to their respective sides of the abdomen. If fixation does not
occur, the small bowel is suspended by the narrow stalk of the supe-
rior mesenteric vessels and is susceptible to volvulus. The incidence
of malrotation is estimated at 1/6000 live births; acute midgut volvu-
lus occurs in 67% of patients with malrotation and is present in 50% of
patients who come to surgery for rotational abnormalities. Most patients
with midgut volvulus present within the first week of life (30%), 50%
present within the first month of life, and 90% within the first year [12].

Infants with malrotation and midgut volvulus typically present with
bilious vomiting; however, with intestinal necrosis, the vomitus may
become bloody. Guaiac positive stool, hematochezia, or bloody diar-
rhea may occur early .With progression to transmural necrosis, the
patient may present with peritonitis, respiratory failure, hypotension,
and acidosis [13]. Older children with malrotation may present with
chronic midgut volvulus, a history of recurrent abdominal pain from
intermittent episodes of partial midgut volvulus. The partial obstruc-
tion results in lymphatic and venous obstruction resulting in abdominal
pain, bilious emesis, diarrhea, and weight loss [14].

There are no pathognomonic findings for malrotation or midgut
volvulus on plain films. Abdominal films may demonstrate a paucity of
intestinal gas with several air fluid levels if midgut volvulus is present
due to resorption of intraluminal air and the accumulation of fluid
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within the bowel lumen [13]. When malrotation is suspected, the defini-
tive imaging study is an upper GI. The diagnostic findings of malrota-
tion include absence of the normal positioning of the duodenojejunal
junction at the ligament of Treitz with the duodenum and proximal
jejunum descending on the right side of the abdomen. If volvulus is
present, the contrast may abruptly taper into a corkscrew or bird’s beak
appearance at the second portion of the duodenum. Ultrasound may
be utilized to assess the relative relationship of the superior mesenteric
vessels, with reversal of the normal orientation being present in malro-
tation. Ultrasound may also show the classic “whirlpool sign” which
has been shown to be highly sensitive for midgut volvulus secondary to
malrotation [15].

Emergent laparotomy is required for malrotation with midgut volvu-
lus. The presence of chylous ascites indicates lymphatic obstruction
from a volvulus; bloody ascitic fluid indicates vascular compromise.
The procedure includes complete evisceration of the bowel and mesen-
tery to assess for bowel viability. If present the volvulus is reduced.
Correction of the malrotation, Ladd’s procedure, includes dividing
Ladd’s bands, the abnormal peritoneal folds that may compress the
duodenum. This maneuver also broadens the mesenteric pedicle to pre-
vent recurrent volvulus. Necrotic intestine is resected. If ischemia is
present, and bowel viability is questioned, a second-look laparotomy
is performed 24–48 h after the initial operation to assess for vascular
recovery. Alternatively, a coil-spring transparent silo may be placed at
the time of the initial operation to allow for continuous inspection of
the bowel and monitoring of vascular recovery. At the conclusion of
Ladd’s procedure, the small bowel is positioned on the right and the
colon on the left. An appendectomy is performed, as future diagnosis
of appendicitis may be difficult given the new location of the cecum
[13]. The mortality rate for operative correction of malrotation ranges
from 3 to 9%. Recurrent volvulus is rare, occurring in less than 10% of
children; however, midgut volvulus accounts for 18% of cases of short
gut syndrome in the pediatric population.

Perforated Appendicitis
Appendicitis is the most common surgical emergency in children [16].
The diagnosis of appendicitis in children remains challenging because
of its varied presentations, delays in seeking medical care, and the
difficulties in obtaining an accurate history and physical examina-
tion. The mistakes made in the diagnosis of appendicitis are some-
times due to failure to realize the variability in the position of the
appendix or failure to recognize that appendicitis can mimic many
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other intra-abdominal processes. The most important pathologic fac-
tor in appendicitis is obstruction of the appendiceal lumen. In children,
obstruction is commonly due to extrinsic compression from lymphoid
hyperplasia. Fecaliths, small elements of condensed, hardened stool,
can become impacted at the appendiceal orifice resulting in luminal
obstruction [16].

Appendicitis classically presents with periumbilical pain, anorexia,
vomiting, and fever. The symptoms of perforated appendicitis include
anorexia with vomiting, severe, generalized abdominal pain, fever
(>38◦C), and diarrhea. After perforation, diarrhea is a much more com-
mon presenting symptom of appendicitis, and studies have shown that
50% of missed cases of appendicitis initially presented with diarrhea
[16]. Non-verbal children may present with right hip pain mimick-
ing a septic hip. Appendicitis in children less than 3 years of age is
characterized by delays in diagnosis and perforation. Diarrhea as a pre-
senting symptom has been reported in 33–46% of children in this age
group. In differentiating appendicitis from gastroenteritis, the diarrhea
with appendicitis is culture-negative and limited to the release of small
amounts of loose stool in contrast to the voluminous watery stool seen
associated with enteritis [17]. Children less than 5 years of age, with
their sparse omentum, are less capable of “walling off” the perforation
and often present with generalized peritonitis. The overall goal of man-
agement is to diagnose acute appendicitis before perforation occurs.
The risk of perforation is higher in children than adults. This has been
shown to be related to delay in presentation to the surgeon rather than
specific physiologic differences in children [18].

In an effort to avoid the consequences of missed diagnosis, when
the history and physical examination are equivocal, radiologic studies
are obtained to confirm the diagnosis of appendicitis. Ultrasound has
a sensitivity of 75–90% and a specificity of 86–100% with an overall
accuracy of 90–94%. CT scans may be useful in atypical patients with
undiagnosed abdominal symptoms, patients in whom satisfactory ultra-
sound examinations are not possible (e.g., obese or immunologically
suppressed children), or patients lacking localizing physical findings.
CT scans may also be useful in patients with perforated appendicitis to
distinguish phlegmon from abscess or to plan therapeutic interventions
such as percutaneous, transrectal, or transvaginal abscess drainage. CT
findings consistent with acute appendicitis include visualization of a
distended appendix with a diameter greater than 6 mm and/or the
appearance of peri-appendiceal inflammatory changes. Treatment of
choice is early appendectomy performed open or laparoscopically. The
standard approach to perforated appendicitis has been limited laparo-
tomy, with drainage of an abscess if present, and appendectomy. It has
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been argued that given the inflammation involving the cecum and sur-
rounding bowel, this approach can be complicated by greater blood
loss, increased risk of bowel injury, and subsequent development of
postoperative abdominal and/or pelvic abscess by entering an estab-
lished abscess. Alternative approaches depend upon whether the mass
is a phlegmon or an abscess, as determined by ultrasound or CT.
If the mass is determined to be a phlegmon, intravenous antibiotics
and volume resuscitation without immediate laparotomy are a safe and
effective treatment provided the patient demonstrates clinical improve-
ment (e.g., resolution of fever, leukocytosis, and abdominal pain).
Elective interval appendectomy can be planned 6 weeks later, gener-
ally with postoperative hospital stay of 1 day. Laparotomy is indicated
if clinical improvement does not occur after 24 h of non-operative
management. If an abscess is identified, after volume resuscitation and
intravenous antibiotics, drainage by percutaneous, transvaginal, or tran-
srectal routes may be performed. With clinical improvement, antibiotic
therapy is continued until the patient is afebrile and the leukocytosis and
abdominal tenderness have resolved. Elective interval appendectomy
can be planned 6 weeks later, generally with a postoperative hospital
stay of 1 day. The ability to safely and accurately distinguish perforated
from non-perforated acute appendicitis is imperative to the institution
of conservative management [19].

CHRONIC DIARRHEAL DISORDERS IN PEDIATRICS

Short Bowel Syndrome
Diarrhea is a common symptom in children with short bowel syndrome.
SBS is defined as the presence of insufficient intestinal absorptive
capacity to maintain normal enteral nutrition [20, 21]. The reported
incidence is unknown due to the variation of definition. The mortal-
ity in children with SBS is 37.5% with the major causes of death being
liver failure due to parenteral nutrition and sepsis [22]. The two most
common causes of SBS are NEC and midgut volvulus.

The factors influencing intestinal function in SBS include the total
length of remaining small intestine, the type of intestine remaining
(jejunum vs. ileum), the presence of an ileocecal valve, and the pres-
ence of the colon. Extensive ileal resection results in deficiencies of
vitamin B12 and the fat-soluble vitamins, and diarrhea. The diarrhea
is due to the large fluid volumes being presented to the colon due to
decreased transit time and loss of absorptive surface area. With loss
of the terminal ileum, high concentrations of bile acids (principally
absorbed in the terminal ileum) pass into the colon instead of entering
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the enterohepatic circulation. Colonic bacteria deconjugate bile salts,
increasing the free bile salt pool stimulating colonic secretory activity
resulting in diarrhea. The relative bile salt deficiency impairs fat absorp-
tion resulting in steatorrhea. Absorptive capacity is also impacted by the
presence of a functional colon. The ileocecal valve functions to increase
the pressure gradient between the ileum and the colon preventing reflux
of colonic fluid containing high concentrations of bacteria. An intact
ileocecal valve is associated with improved absorption given the delay
in transit time and increased nutrient contact time [20].

The loss of significant small bowel length results in anatomic and
physiologic changes referred to as intestinal adaptation. This process
begins immediately after resection and can take 2 years to complete.
The initial treatment of SBS involves the use of parenteral nutrition
with the slow introduction of enteral feedings as tolerated. Children
are typically maintained on proton pump inhibitors and H2 block-
ers to reduce gastric acid secretion. Further, anti-motility agents and
octreotide (to reduce the volume of GI secretions by slowing intesti-
nal transit time and increasing water and sodium absorption) are also
utilized. Antibiotics decrease the potential for bacterial overgrowth in
the setting of dysmotility [20]. Cholestyramine, a bile acid seques-
trant, decreases stool losses by exchanging chloride ions for bile acids
creating non-absorptive complexes excreted in the feces.

Surgical options in the treatment of SBS are designed to slow transit
time or increase the length and surface area of the intestine in order to
increase nutrient and fluid absorption [20]. These procedures include
intestinal tapering, reversed small bowel segments [23–26], colonic
interposition [27, 28], construction of intestinal valves to disrupt the
normal motility of the small intestine and prevent retrograde reflux of
intestinal contents [29, 30], and electrical pacing of the small intestine.
Two well-described and validated procedures for increasing the length
of small intestine in children with SBS are the longitudinal intestinal
lengthening and tailoring procedure (LILT) and the serial transverse
enteroplasty procedure (STEP). Both have been shown to lengthen
remaining bowel and aid in weaning children from TPN [22, 31–34].
Despite the success of lengthening procedures, small bowel transplant
may be the only option in patients with small intestinal failure to adapt,
patients who are unable to be maintained on enteral feeds with TPN
dependence and resulting liver failure, and in patients who no longer
have central venous access [20]. Two-thirds of small bowel transplants
are performed in children and are often performed as a combined small
intestine and liver transplant due to the high rate of SBS-associated liver
failure [20]. Transplants allow 50–70% of patients to be successfully
weaned from TPN with the success of weaning being higher in children
than adults [20].
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Inflammatory Bowel Disease: Crohn’s Disease
and Ulcerative Colitis

The inflammatory bowel diseases (IBD), Crohn’s disease and ulcerative
colitis, can be differentiated from each other based on clinical,
radiologic, endoscopic, and pathologic criteria, but in 10% of cases the
findings are non-specific and categorized as “indeterminate colitis.” See
also Chapter 3 for a more detailed discussion of IBD.

The presentation of Crohn’s disease varies depending upon the age
of the child, which segment of the gastrointestinal tract involved, and
the chronicity of the inflammation. Crohn’s disease may involve the
entire gastrointestinal tract; in children, the most common location is
ileocolonic (42%), diffuse small bowel (28%), isolated colonic and
anorectal (31%). The presentation may be vague resulting in a delay in
diagnosis. Diarrhea is frequently seen in patients with ileocolic involve-
ment and may not always be bloody. Perianal Crohn’s disease should be
suspected in children with chronic diarrhea and multiple, recurrent, or
atypical perianal fistulae or abscesses. Isolated colonic Crohn’s disease
may mimic ulcerative colitis, presenting with bloody, mucoid diarrhea.

There is no curative therapy for Crohn’s disease; rather treat-
ment is designed to palliate symptoms [35]. Medical treat-
ment includes antibiotics (for perianal disease, enterocutaneous
fistulae, and active colonic disease), aminosalicylates, corticosteroids,
azathiopurine/6-mercaptopurine, methotrexate, and immunomodula-
tors (infliximab, an anti-TNF antibody). Overall, 80% of all patients
diagnosed with Crohn’s disease will eventually require surgery.
Indications for surgical management include failure of medical man-
agement: (1) complications of steroid/drug therapy including growth
failure; (2) persistent symptoms despite maximal medical therapy and
complications such as perforation, excessive or uncontrolled bleeding,
fistula formation, stricture formation with obstruction, sepsis, and toxic
megacolon.

Ulcerative colitis involves the rectum with frequent extension in a
contiguous pattern proximally without skip areas. It may present insid-
iously with persistent diarrhea with blood and mucus mixed in the
stool. Unlike Crohn’s disease, because ulcerative colitis is limited to the
colon, surgery is curative. Indications for surgical management include
hemorrhage, perforation, toxic megacolon or failure of medical man-
agement, persistent symptoms, growth failure, delayed puberty, and
histologic dysplasia.

Tumors
Paraneoplastic syndromes are caused by the remote humoral effects of
a tumor and not by local effects or metastases. These syndromes (see
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also Chapter 15) may be the first clinical symptom of a tumor. Secretory
diarrhea is seen in the watery diarrhea, hypokalemia, and achlorhydria
syndrome (WHDA), first described by Verner and Morrison in 1958 in
association with pancreatic islet cell tumors in adults [36].

Vasoactive intestinal peptide (VIP) producing tumors can be divided
into two groups: pancreatic endocrine tumors and neurogenic tumors.
Neuroblastomas arise from the sympathetic nervous system and pre-
dominantly composed of adrenergic neurons involved in catecholamine
synthesis. A small fraction of involved neurons possess cholinergic neu-
rotransmission capabilities including secretion of vasoactive peptide
(VIP) and VIPoma formation. The development of WDHA syndrome
[37] in association with neuroblastoma, ganglioneuroblastoma, and
ganglioneuroma has been described in 80 cases in the literature [38, 39].
Diarrhea may precede the tumor diagnosis or occur secondarily after
chemotherapy with tumor differentiation [37]. The diagnosis of neu-
roblastomas includes measuring urinary catecholamine metabolites,
vanillylmandelic acid (VMA), homovanillic acid (HVA), and base-
line serum VIP levels with the presenting symptom of diarrhea [37].
Treatment of neuroblastomas associated with VIP secretion is essen-
tially identical to treatment for more typical neuroblastomas. Surgical
resection of localized disease has demonstrated efficacy in controlling
the tumor and the associated diarrhea.

Non-neurogenic tumors associated with VIP secretion and diar-
rhea include pancreatic non-beta cell hyperplasia and pancreatoblas-
toma [40].

Verotoxigenic Escherichia coli and Post-diarrheal Hemolytic
Uremic Syndrome

Verotoxigenic E. coli infection (see also Chapter 1) occurs in six per
million children less than 5 years old and 1.74 per million children
greater than 5 years old [41]. Hemolytic uremic syndrome (HUS) is
a microangiopathy characterized by thrombocytopenia, hemolytic ane-
mia, and acute renal failure that occurs in 30–40% of these children,
with a mortality rate of approximately 5% during the acute phase
of infection [41]. The disease is acquired predominantly by inges-
tion of incompletely cooked hamburgers, unpasteurized milk, and
water contaminated by E. coli [41]. Children typically present with
crampy abdominal pain, vomiting, abdominal distention, and diarrhea
that is initially watery but becomes bloody [42]. These symptoms
usually precede the development of HUS by 5–7 days and are due
to the production of the Shiga toxin by the E. coli [48, 49]. This
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toxin causes a microangiopathy resulting in multisystem organ fail-
ure. Gut manifestations include ischemia, necrosis, perforation, rectal
prolapse, intussusception, colonic necrosis, hemorrhagic colitis, and
stricture [41, 43]. Neurologic sequelae include seizures, stroke, and
cerebral edema. Diagnosis is made by stool sample for Shiga toxin
and blood culture for the presence of antibody. Abdominal plain films
may show dilation, thumbprinting characteristic of ischemia, or ascites.
Colonoscopy typically reveals friable, ulcerated bowel covered with a
gray-pseudomembrane [42].

Management of verotoxic E. coli infection and HUS is initially
conservative. The development of renal failure may require the place-
ment of a peritoneal dialysis catheter [43, 44]. Surgery is indicated for
perforation, peritonitis, toxic megacolon, acidosis unresponsive to dial-
ysis, or obstruction [42, 44]. Renal transplant has been necessary for
irreversible renal failure [43].

Post-transplant Lymphoproliferative Disease
Post-transplant lymphoproliferative disease (PTLD) is a complication
of both solid organ and bone marrow transplant that results in a hetero-
geneous group of tumors that include both hyperplasias and neoplasias
[45]. Eighty-five percent of cases are associated with Epstein–Barr virus
(EBV) reactivation or primary infection from the donor organ [46, 47].
The incidence varies depending on the type of transplant performed.
After heart, lung, and small bowel transplants there is a 5–20% inci-
dence of PTLD; after kidney transplant there is only a 1–3% incidence
[45, 46]. It is presumed that this difference is due to the increased
immunosuppression after heart, lung, and small bowel transplant as
compared to after kidney transplant [45]. In addition, there is a direct
variation in disease incidence with the type of immunosuppressant uti-
lized and the presence of EBV infection [48]. PTLD is most commonly
diagnosed in the first year after transplant [45, 48]; however, there
is no difference in survival between those people who are diagnosed
early after transplant (3 months) as compared to later (greater than
12 months) [45]. Given the variability of disease site, presentation and
clinical course are quite variable. The most common sites of involve-
ment are extranodal (liver, lung, kidney, bone marrow, and spleen) with
the gastrointestinal tract being the most common site of clinical presen-
tation due to an increased propensity for ulceration and perforation [48].
The majority of patients present with fever, lymphadenopathy, diarrhea
or bloody stool, bowel obstruction due to mass effects, weight loss,
anorexia, and lethargy. The diagnosis is typically made by CT imag-
ing and bone marrow biopsy; however, positron emission tomography
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(PET) scanning is being used more frequently to diagnose and moni-
tor response to treatment with CT-PET scans being more accurate than
either CT or PET scan alone [48].

Treatment for PTLD involves reduction or withdrawal of immuno-
suppression; however, this intervention must be balanced with the
subsequent risk of rejection. Surgical excision of the lesion or possible
bowel resection may be required for ulceration, obstruction secondary
to mass effect, or hemorrhage [48]. Chemotherapy has been shown to
be associated with remission rates from 30 to 80% and a long-term sur-
vival of 20–60% [46]. Alternatively, rituximab, interferon therapy, and
infusion of autologous EBV-specific cytotoxic T lymphocytes have also
been shown to be advantageous in treating patients with PTLD [46].
Mortality rates from PTLD are quite high with a range of 60–100%
being reported in the literature. The mortality rate from PTLD varies by
the type of organ transplant with a reported 40% mortality after renal
transplant and 50% mortality after heart transplant [45]. Overall, mor-
tality rates have been shown to decrease when definitive local therapy
(surgery or radiation) combined with immunosuppression reduction is
utilized [48].

Colocutaneous Fistula After Percutaneous Endoscopic
Gastrostomy Tube Placement

Percutaneous endoscopic gastrostomy (PEG) tube placement was intro-
duced in 1980 as a less invasive alternative to open gastrostomy tube
placement. The procedure is successful in 95% of patients [49]. The
most common indication for PEG insertion is dysphagia associated
with neurologic impairment [49]. Overall, there is a 2–3% incidence
of colocutaneous fistula after PEG insertion [50]. Gastrocolocutaneous
fistula after PEG placement in a child has also been reported [51]. These
patients present with severe osmotic diarrhea [50]. A contributing factor
to this complication may be the abnormal body habitus of the child due
to contractures or scoliosis. The mechanism of misplacement may occur
during the initial PEG procedure: the needle passes through the colon
that is positioned between the stomach and the abdominal wall and
the gastrostomy appliance does not pass beyond the colon; or the gas-
trostomy tube passes into the stomach and then retracts into the colon
[52]. The complication may be recognized later at the time of appliance
change which may result in the migration of the tube from the stomach
to the colon. The misplacement of the tube into the colon should be
considered when there is recurrent severe diarrhea of undigested food
or fecal contents in the gastrostomy appliance or the sudden onset of
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transient diarrhea within minutes after tube feedings. The diagnosis is
made by performing a contrast study of the PEG tube. In most cases,
the fistula will close with simple removal of the PEG tube; however, if
the fistula has matured, surgical repair may be necessary [53].

Juvenile Polyposis Coli
Juvenile polyposis coli, a rare condition with autosomal dominant
inheritance, was first described in 1964. Affected patients typically have
between 50 and 200 hamartomatous polyps distributed throughout their
entire colon and they usually develop symptoms, including anemia due
to gastrointestinal bleeding, diarrhea, rectal prolapse, intussusception,
and less commonly, protein-losing enteropathy, prior to the age of 15
[54]. Symptoms typically present prior to the development of malig-
nancy [54]. While the malignant potential for a solitary juvenile polyp is
quite low, patients with juvenile polyposis coli have a malignant poten-
tial that ranges from 17 to 65% [54]. Management includes genetic
counseling, annual colonoscopy with polypectomy, and evaluation for
subtotal vs. total colectomy if high-grade dysplasia or invasive adeno-
carcinoma is detected on pathology or if the polyps are not able to be
completely resected endoscopically [54].

SURGICAL DISORDERS PRESENTING WITH DIARRHEA
IN ADULTS

Intestinal Ischemia
Several different syndromes of inadequate blood flow to the bowel
result in diarrhea (see Table 14.2). Generally, the bowel is able to toler-
ate a wide range in perfusion and has the remarkable capacity to adapt
to less than adequate blood flow. The incidence of ischemic bowel dou-
bles with age every 5 years such that up to 217 per 100,000 people over
the age of 85 have some degree of intestinal ischemia [55].

The etiology of intestinal ischemia can be divided into three general
categories: presplanchnic, e.g., decreased mesenteric blood flow due
to heart failure, hypovolemia, hemorrhage; splanchnic, e.g., decreased
blood flow at the local level due to thrombosis, embolus, trauma, com-
pression, and medications; and postsplanchnic, e.g., venous disease,
hypercoagulable syndromes, and cirrhosis [55]. Injury to the gut occurs
by both ischemia and reperfusion and results in four distinct clinical
presentations: acute mesenteric ischemia, chronic mesenteric ischemia,
mesenteric venous thrombosis, and ischemic colitis.
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Acute Mesenteric Ischemia (AMI)
Acute mesenteric ischemia (AMI) is a life-threatening disease with
reported mortality ranging between 30 and 90% depending on etiology
[55]. AMI can have four presentations: (1) embolic occlusion of the
superior mesenteric or celiac arteries (50%), (2) acute thrombosis of
the celiac or mesenteric arteries (25%), (3) non-occlusive mesenteric
ischemia (NOMI) (20%), and (4) mesenteric venous thrombosis (5%).
Acute thromboembolic occlusion of the superior mesenteric artery
(SMA) is associated with a 93% mortality [55]. The classic presen-
tation of patients with acute mesenteric ischemia is the acute onset of
mid-abdominal pain that is disproportional to the physical exam and
may be associated diarrhea. Patients with embolic occlusion have a his-
tory of atrial fibrillation or recent myocardial infarction [55]. Patients
with AMI secondary to SMA thrombosis typically have other mani-
festations of diffuse atherosclerotic occlusive disease. NOMI is due
to mesenteric vasospasm or vasoconstriction and is seen in patients
undergoing treatment for systemic illnesses such as sepsis or car-
diogenic shock. The pain is less acute and is a waxing and waning
pattern in quality. Patients presenting with mesenteric venous thrombo-
sis present with non-specific complaints of abdominal pain associated
with diarrhea [55].

Contrast angiography remains the gold standard for imaging the vis-
ceral vessels. Non-invasive modalities to diagnose AMI include CT
angiography and MR angiography. CT is helpful in assessing for bowel
for necrosis and other etiologies of abdominal pain. Delayed views are
the diagnostic test of choice for mesenteric venous thrombosis. The
treatment of acute mesenteric ischemia depends upon the etiology and
patient presentation. The therapeutic goals include restoring pulsatile
blood flow to the abdominal viscera, resection of non-viable intestine,
and when intestinal viability is questioned, a “second-look” laparotomy.

Chronic Mesenteric Ischemia (CMI)
Chronic mesenteric ischemia (CMI) results from chronic gut hypoper-
fusion via the main intestinal arteries that cannot be compensated by
collateral splanchnic arterial inflow. Mesenteric atherosclerotic lesions
located proximally and focally are generally the cause of CMI [55].
Non-atherosclerotic etiologies include arterial fibrodysplasia, connec-
tive tissue disease, and inflammatory arteritis secondary to abdominal
radiation [55]. Patients with CMI characteristically describe crampy,
postprandial abdominal pain (intestinal angina) and demonstrate behav-
ioral patterns that limit oral intake (food fear), weight loss, and diarrhea.
Symptoms are often more insidious than those seen with acute ischemia
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due to the ability of the colon to develop collateral flow in the setting of
chronic ischemia.

Contrast angiography remains the gold standard in diagnosis of CMI;
CT angiography and MR angiography have been shown to correlate
well with angiography findings [56]. Treatment of CMI involves
restoration of arterial perfusion by relieving proximal stenoses or occlu-
sions in the mesenteric arteries using either open surgical reconstruction
or catheter-directed endovascular angioplasty or stenting techniques.

Mesenteric Venous Thrombosis (MVT)
Mesenteric venous thrombosis (MVT) most commonly occurs in indi-
viduals between 50 and 60 years of age, and like mesenteric arterial
ischemia may have an acute and chronic form [56]. Acute MVT
involves thrombosis of the larger mesenteric veins, and patients typ-
ically present with severe abdominal pain, nausea, vomiting, melena
and diarrhea. Patients with chronic MVT present with vague abdominal
pain with associated symptoms that fluctuate over time. A predisposing
etiology can be determined in 60–80% of patients and include factor 5
Leiden deficiency, cancer, oral contraceptive use, recent surgery (espe-
cially splenectomy), venous stasis, inflammation, abdominal trauma,
peritonitis, and portal hypertension [57, 58]. Treatment of MVT is
generally systemic anticoagulation [57]. The presence of peritonitis
mandates an exploratory laparotomy; up to 30% of patients with MVT
require exploration for resection of necrotic bowel. Patients with MVT
should be assessed for an underlying hypercoagulable etiology that
could necessitate lifelong anticoagulation.

Ischemic Colitis
The most common form of intestinal ischemia, ischemic colitis, rep-
resents 50–60% of all cases of gastrointestinal ischemia [55, 56].
Generally, 90% of cases occur in patients over 60 years old [59];
however, 10–20% of patients are younger than 40 years of age [60].
The etiologies of ischemic colitis are diverse and include systemic
shock (hypovolemic, septic, neurogenic), cardiogenic shock (heart
failure, recent coronary artery bypass grafting ), major arterial occlu-
sion (aortic dissection, embolic, thrombotic), surgical (aneurysmec-
tomy, colectomy), small artery occlusion (diabetes, atherosclerosis),
vasculitis (systemic lupus erythematosus, polyarteritis nodosa, throm-
boangiitis obliterans, sickle cell disease), inflammatory (pancreatitis,
diverticulitis), hypercoagulable states (malignancy, factor deficien-
cies, e.g., protein S, protein C, antithrombin III), colonic obstruc-
tion, and medications including antibiotics, vinca alkaloids, taxanes,
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vasopressors, diuretics, statins, non-steroidal anti-inflammatory agents,
estrogens, and some laxatives [55, 59–62]. The clinical presentation
depends upon the extent of the ischemia. Most patients with non-
gangrenous colonic ischemia present with the acute onset of mild,
crampy abdominal pain. During the first 24 hours, the patient com-
monly passes blood, either bright red or maroon, that may be associated
with diarrhea. Blood loss is minimal; profuse bleeding should prompt
determining another source. Severe ischemia, transmural infarction, or
perforation may result in the development of a leukocytosis, metabolic
acidosis, and septic shock [61].

Colonoscopy is the traditional gold standard for the diagnosis
of ischemic colitis; it has greater sensitivity for detecting mucosal
changes and allows for biopsy. Colonoscopy is preferable to flexi-
ble sigmoidoscopy because the area of ischemia will be proximal to
the splenic flexure in 30–40% of patients [62]. Colonoscopy is con-
traindicated in the presence of peritonitis due to an increased risk
of perforation [55]. CT scan is often the primary diagnostic imaging
study in these patients, and in the setting of ischemic colitis, non-
specific colonic wall thickening, pneumatosis, fat stranding, and portal
venous gas may be observed. Ultrasound may detect colonic abnor-
malities and color Doppler can detect patency of mesenteric veins
and absent or diminished bowel wall flow in 80% of cases [55].
The role of contrast angiography is limited being that most ischemic
colitis is the result of non-occlusive or venous disease rather than
arterial insufficiency. Those patients with known predisposing factors,
e.g., hypercoagulable state, cardiac thrombus, or evidence of arterial
insufficiency on CT may benefit from angiography and thrombolytic
therapy [62].

Treatment of ischemic colitis depends upon the severity of pre-
sentation. In 60–80% of patients, acute colonic ischemia will resolve
in 24–48 h with non-operative management. Endoscopic and radio-
graphic findings may persist for up to 2 weeks; ischemia resulting
in ulceration may take as long as 6 months to completely resolve.
In 20% of patients, the colonic ischemia will progress and surgery
will be indicated. The associated mortality rate of these patients is
60% [55]. Areas of transmural infarction are resected; primary anas-
tomosis is generally contraindicated and the bowel ends are left in the
abdomen if a “second-look” is planned or exteriorized as a stoma with
Hartmann pouch [61]. Depending upon the etiology of colonic ischemia
re-vascularization may be indicated [61]. Incomplete healing after res-
olution of the acute episode may result in chronic segmental colitis
characterized by persistent diarrhea, protein loss, bleeding, or stricture
formation with obstructive symptoms [62].
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Clostridium difficile Colitis
Systemic treatment with antibiotics results in disruption of nor-
mal colonic flora such that aggressive pathologic bacteria are able
to grow. The administration of clindamycin, cephalosporins, and
fluoroquinolones have all been shown to foster an environment that per-
mits C. difficile overgrowth [63]. C. difficile infection has multiple clin-
ical presentations ranging from the asymptomatic carrier state to severe
diarrhea and pseudomembranous colitis to severe life-threatening ful-
minant colitis with perforation [64]. C. difficile is the most common
nosocomial infectious diarrhea in adults, with an incidence of 3 mil-
lion infections in the United States yearly [63–66]. Annually, 13.1 per
1000 surgical inpatients will be infected with C. difficile [64]. Infected
patients with simple colitis typically report abdominal pain and watery
diarrhea. In the setting of fulminant colitis, in addition to diarrhea,
patients will also demonstrate fever, hypotension, abdominal disten-
tion, and leukocytosis [63]. Multiple centers have reported an increased
prevalence of hypervirulent strains of C. difficile that have led to greater
disease severity, increased reliance on intensive care monitoring, and
increased need for surgical intervention [64, 66]. Presumably this
increase in hypervirulent strains accounts for the observation that mor-
tality within 30 days of diagnosis of C. difficile infection has increased
from 4.7% in 1991 to 13.8% in 2003 [63]. Factors associated with a
more complicated clinical course include patient age over 65, leukocyte
count greater than 20 × 109 cells/l, acquisition of the infection while
hospitalized, renal failure, and immunosuppression [63].

The diagnosis of C. difficile infection should be considered in any
patient with recent antibiotic administration and diarrhea. The gold
standard for C. difficile diagnosis is a stool cytotoxin assay; however,
this test may take up to 3 days to yield results, so most centers rely
on ELISA stool tests. Typically the ELISA is repeated three times
to account for the increased false-negative rate as compared to the
cytotoxin assay [63]. Abdominal CT scan demonstrates colonic wall
thickening and dilation; however, CT findings do not correlate well
with the clinical severity of disease [63]. Colonoscopy or flexible sig-
moidoscopy may demonstrate the pathognomonic pseudomembranes
associated with C. difficile infection; generally clinical presentation and
CT scan results are sufficient [64].

In the setting of simple C. difficile colitis medical management
includes discontinuing the offending antimicrobial agent, and oral
metronidazole or vancomycin should be administered. If the patient is
unable to tolerate oral intake, intravenous metronidazole may be pro-
vided; vancomycin is effective only in the oral form [63]. If clinical
improvement is not observed within 24–48 h of the initiation of medical
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management, a surgical consultation in warranted. Ten percent of
patients with C. difficile colitis will require surgery, specifically total
abdominal colectomy with end ileostomy [65, 72]. The decision to
perform a colectomy on a patient with fulminant C. difficile colitis is
based on surgical judgment rather than specific criteria. The reported
mortality rate for fulminant C. difficile colitis is between 30 and 80%
[67]; however, this may be decreased by half when surgical inter-
vention is undertaken prior to the development of septic shock [66].
Aggressive surgical management has also been shown to be advanta-
geous by researchers who investigated whether the mortality rate of
patients with fulminant C. difficile colitis admitted to a surgical ser-
vice differed compared to those admitted to a non-surgical service.
Interestingly, the authors that found that those patients admitted to a
non-surgical service had a 3.4-fold higher mortality rate compared to
those patients admitted to a surgical service [66].

CHRONIC DIARRHEAL DISORDERS IN ADULTS

Both children and adults share the diagnoses of Crohn’s disease, ulcer-
ative colitis, and short bowel syndrome. This section will address the
chronic diarrheal disease etiologies that occur predominantly in adults.
The reader is referred to the pediatric section for review of the surgi-
cal conditions that present with diarrhea that occur in both children and
adults.

Tumors
Multiple tumors secrete bioactive substances that cause diarrhea,
including carcinoid tumors, gastrinomas, vasoactive intestinal peptido-
mas, somatostatinomas, and medullary cancer of the thyroid.

Carcinoid/Carcinoid Syndrome
Carcinoid tumors are morphologically and biochemically diverse
tumors capable of synthesizing various bioactive substances including
serotonin, histamine, and prostaglandins. Their behavior is determined
by their site of origin; 64% are localized to the midgut. Typically, car-
cinoids present in adults age 65 or older [68]. Symptoms of midgut
carcinoids include vague abdominal pain due to intestinal obstruction,
mass effect, intussusception, or hypermotility, and diarrhea. The carci-
noid syndrome occurs in the presence of hepatic metastases. Carcinoid
syndrome-associated diarrhea is an explosive, episodic, secretory diar-
rhea linked to serotonin secretion. Pellagra, characterized by dermatitis,
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dementia, and diarrhea, may occur with carcinoid syndrome with diver-
sion of dietary tryptophan to tumor hormone production depleting
nicotinic acid stores [68]. Plasma chromogranin A is measured as a
screening test, and it is elevated in 80% of patients with carcinoid
tumors [68]. The biochemical diagnosis is made with a 24-h urine
collection measuring 5-hydroxyindoleactic acid (5-HIAA) which is
75% sensitive for primary tumors and 100% sensitive for metastatic
disease. Diagnostic imaging includes abdominal CT scan to evaluate
the extension of the primary lesion, metastasis, and vessel involve-
ment. Radiolabeled somatostatin analogue (octreotide) scintigraphy
localizes primary and metastatic tumors expressing somatostatin recep-
tors. Surgical resection is the most effective treatment with primary
tumor location, size, and presence/absence of metastatic disease deter-
mining operative management [68]. It is necessary to prevent the
development of carcinoid crisis secondary to anesthesia and surgical
stress with the preoperative administration of octreotide. Gross resec-
tion has been shown to result in symptom-free survival for many
years, but the recurrence of liver metastasis occurs in 85% of patients,
so lifelong surveillance with laboratory and radiologic follow-up is
required [68].

Gastrinomas/Zollinger–Ellison Syndrome
Gastrinomas are gastrin-secreting duodenal or pancreatic neuroen-
docrine tumors. Zollinger–Ellison syndrome (ZES) is characterized by
severe peptic ulceration in association with gastric acid hypersecre-
tion and non-beta islet cell tumors of the pancreas [69]. ZES is rare
and occurs in a sporadic form in 80% of cases and familial as part of
the multiple endocrine neoplasia syndrome type 1 (MEN-1) [68, 69].
Gastrinoma is the most common functional neuroendocrine tumor in
patients with MEN-1 syndrome. The most common symptoms are
heartburn, dysphagia, and diarrhea. A secretory diarrhea occurs in up
to 40% of patients with ZES; diarrhea is the only presenting complaint
in 20% of cases. The secretory diarrhea is caused by hypersecretion
of gastric acid resulting in a low intraluminal pH that damages the
intestinal mucosa and inactivates various pancreatic enzymes resulting
in malabsorption and steatorrhea [69].

Vasoactive Intestinal Peptide Tumor (VIPoma)
VIPomas are rare lesions with an annual incidence of 1 in 10 million
patients in the United States [69]. These tumors secrete vasoac-
tive intestinal peptide which stimulates secretion of intestinal fluid
and inhibits intestinal absorption of sodium, chloride, potassium, and
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water resulting in the clinical WDHA syndrome of watery diarrhea,
hypokalemia, and achlorhydria (WDHA).

Somatostatinoma
Somatostatinomas, tumors that produce excessive somatostatin, create
a syndrome of symptoms including diabetes, cholelithiasis, and steat-
orrhea [69, 70]. Diabetes results due to the inhibitory effects of
somatostatin on insulin release. Cholelithiasis results due to decreased
gallbladder contractility and CCK release in the presence of elevated
somatostatin. Steatorrhea results secondary to somatostatin-induced
inhibition of pancreatic enzyme secretion.

Medullary Thyroid Cancer
Medullary thyroid cancer, a cancer arising from calcitonin secreting,
parafollicular cells of the thyroid, accounts for 5% of all thyroid malig-
nancies. Twenty-five percent of cases occur as a component of multiple
endocrine neoplasia syndrome type 2a or type 2b (MEN-2a or MEN-2b)
due to a mutation in the RET proto-oncogene. Diarrhea frequently
results in patients with medullary thyroid cancer due to the tumors
ability to secrete calcitonin, carcinoembryonic antigen (CEA), histami-
dases, prostaglandins, and serotonin which work collectively to increase
intestinal mobility, impair luminal water absorption, and alter intestinal
electrolyte flux.

Chronic Pancreatitis
Etiologies of chronic pancreatitis include alcohol consumption, chole-
docolithiasis, cigarette smoking, hyperparathyroidism resulting in
hypercalcemia, hyperlipidemia, and pancreas divisum [71]. Severe
destruction of the pancreas may occur resulting in inadequate endocrine
and exocrine function. When exocrine capacity falls below 10% of
normal, diarrhea, specifically steatorrhea (bulky, loose, foul smelling,
floating stool), may result due to severe enzyme deficiency [72].
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Summary
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and account for <1% of patients who present with chronic diarrhea.
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INTRODUCTION

Endocrine neoplasms of the gut are rare tumors that secrete excess
amounts of autocoids or gastrointestinal peptides which can result in
a wide range of signs and symptoms, including diarrhea. These tumors
may be sporadic or associated with familial syndromes such as multi-
ple endocrine neoplasia I (MEN I) or Wermer’s syndrome. Although
the reported frequency of neuroendocrine tumors (Fig. 15.1) is approx-
imately 0.5–1.5% of autopsy specimens, less than 1 per 100,000
persons are symptomatic. Neuroendocrine tumors account for <1% of
chronic diarrhea [1]. Routine testing for gastrointestinal peptides is not
recommended in the workup of patients with chronic diarrhea. One
study showed the positive predictive value of the test to be <2% with
false positives being 45% [2]. Table 15.1 lists the endocrine tumors
associated with diarrhea and related syndrome findings.

Fig. 15.1. a Well-differentiated neuroendocrine tumor. b Synaptophysin
stained neuroendocrine tumor.

GASTRINOMAS

Gastrinomas are rare neuroendocrine tumors that involve primarily
the pancreas and duodenum and can result in Zollinger–Ellison syn-
drome (ZES). Gastrinomas are the most common type of pancreatic
neuroendocrine tumors and account for 70% of all functioning neu-
roendocrine tumors [3]. The mean age of onset is about 41 years old but
there is a delay in diagnosis by about 5–6 years. The majority of these
tumors are sporadic but 20–25% of them are familial and associated
with the MEN I syndrome.

Clinical Presentation
The hallmark symptoms of these tumors include abdominal discom-
fort, diarrhea, and GERD. The majority of patients diagnosed with
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Table 15.1
Neuroendocrine tumors and associated syndrome findings

Tumor
Percentage of patients
with diarrhea Syndrome findings

Gastrinoma 75 Diarrhea/steatorrhea, abdominal
pain, GERD, ulcer

Carcinoid 10 Flushing, diarrhea
VIPoma 100 Secretory diarrhea, hypokalemia,

achlorhydria
Somatostatinoma 10 Diabetes, hypochlorhydria,

cholelithiasis,
diarrhea/steatorrhea, anemia,
weight loss

Glucagonoma 15−20 Diabetes, DVT, depression,
dermatitis

Mastocytosis 43 No associated syndrome

gastrinomas present with abdominal pain or diarrhea. Heartburn and
reflux are the initial symptoms in 44%. Prominent gastric folds are
found in 94% of patients [4]. Gastrinomas are characterized by recur-
rent ulcers which typically occur in the duodenum but may occur in
the jejunum. About 75% of patients present with watery diarrhea. This
is thought to be due to mechanical irritation and trauma of the duode-
num and jejunum due to acidified contents and volume overload on the
small intestine due to increased gastric acid secretion. Steatorrhea may
be present as well due to inactivation of pancreatic lipase by gastric acid
secretion.

Approximately 50–60% of gastrinomas are malignant. The presence
of liver metastases is the most important predictor of overall survival,
resulting in a 5-year survival rate of 20–30% [5].

Diagnosis
Hyergastrinemia (greater than 150 pg/ml) serves as a hallmark for diag-
nosis of ZES. However, hypergastrinemia may be the result of other
disorders, including chronic atrophic gastritis, Helicobacter pylori
infection, and antral G-cell hyperplasia. Elevated gastrin levels are also
seen in 25% of patients taking proton pump inhibitors (PPI). Also, false-
positive secretin stimulation test for gastrinoma have been associated
with the use of PPI [6]. However, it is rare to see values that approach
the levels seen in ZES or chronic atrophic gastritis [7]. Despite this,
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PPI therapy should be stopped for at least 2 weeks prior to checking
gastrin levels and performing secretin stimulation testing. Basal acid
output can also be measured with levels greater than 15 mmol/h prior
to surgery being associated with the presence of gastrinomas.

Most ZES patients do not have gastrin levels that are >1000.
Provocative tests with the infusion of secretin or calcium may be
required. When secretin is used, gastrin levels are increased by at
least 200 pg/ml after 2–10 min of infusion with gradual return to
baseline values [6]. The combination of hypergastrinemia along with
hyperchlorhydria suggests ZES.

If there is a high suspicion of gastrinoma based on clinical presen-
tation and labs, imaging workup should be the next step. Obtaining an
octreotide scan or somatostatin receptor scintigraphy aids in identify-
ing a gastrinoma. If this test is negative, a CT or MRI may be obtained.
However, tumors less than 1 cm are often not visualized with CT. If
the previous radiologic examinations are negative, an endoscopic ultra-
sound may be performed to help establish the diagnosis. If all of the
above are negative, an angiogram with arterial stimulation with secretin
combined with venous sampling may be obtained.

Treatment
Apart from surgical resection of the incipient tumor, symptoms from
gastrinomas including diarrhea are often alleviated with the use of
high-dose proton pump inhibitors. Doses of omeprazole 80–100 mg or
pantoprazole 40–160 mg are employed. Once control of gastric output
has been established, the dose of proton pump utilized is significantly
reduced. The goal of treatment is to achieve a gastric pH >4 and a
basal acid output reduction of 10 mEq H+ per hour in order to relieve
symptoms as well as prevent cytotoxic effects on mucosa secondary to
elevated acid levels.

In patients that present with sporadic gastrinomas without hepatic
metastases and in whom the risk of surgery is negligible, an oper-
ative exploration with duodenotomy is recommended. Intraoperative
ultrasound may also be used to help localize gastrinomas. Surgical
exploration results in a 95% detection rate for gastrinomas [8]. The goal
of surgery is not only to provide cure and symptom improvement but
also to prevent malignant progression [9].

In patients with MEN I, the role of surgery is more complicated as
these patients tend to have multifocal disease and approximately 50%
present with metastases to the liver, lymph nodes, or elsewhere. Also,
the multifocal neoplasms may be secreting nonfunctioning peptides and
as such, the ability to localize functional gastrinomas becomes more
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difficult, thereby resulting in a lower cure rate. When surgery is consid-
ered, neck exploration for resection of parathyroid hyperplasia should
be performed. Hyperparathyroidism is present in more than 95% of
patients with MEN I and resection of parathyroid hyperplasia has been
shown to reduce the effects of hypergastrinemia [10].

Cytotoxic chemotherapy with the use of streptozotocin with or with-
out 5-fluorouracil along with doxorubicin is used in advanced cases
for patients that are not surgical candidates. The use of chemother-
apy in gastrinomas has been shown to reduce tumor burden as well
as decrease gastrin levels, resulting in diarrheal and other symptom
improvement [10].

CARCINOID

Carcinoid tumors are the most common neuroendocrine tumors with a
prevalence of 1–2/100,000. In addition, the incidence of these tumors
is on the rise [11]. The majority of carcinoids originate in the gastroin-
testinal tract while carcinoids of the lungs and bronchi are less common.
Because of the indolent nature of the majority of these tumors, the aver-
age time from onset of symptoms to obtaining a diagnosis is about
9 years [12]. Five-year survival rate is 67.2% regardless of the site of
tumor.

The three main areas of gastrointestinal origin of carcinoid are the
foregut (stomach, duodenum, pancreas, bronchial), midgut (jejunum–
right colon), and hindgut (transverse colon–rectum). The incidence of
carcinoid varies according to the site of origin. The ileum is the most
common site, followed then by the rectum, colon, stomach, appendix,
lungs, and bronchi.

Clinical Presentation
Symptoms of carcinoid vary depending on location as well as release of
hormonally active compounds. Classically, patients present with flush-
ing and diarrhea, which is referred to as carcinoid syndrome, which
occurs most commonly with metastatic disease. Most carcinoids, how-
ever, are small indolent tumors. Those that occur in the foregut may
present atypically due to secretion of other hormones aside from sero-
tonin. Those that occur in the midgut (the small intestine) may present
with carcinoid syndrome if there is concomitant metastatic and bulky
retroperitoneal adenopathy. This is due to the high levels of serotonin
produced by these tumors. Hindgut carcinoids rarely produce symp-
toms unless the disease is more advanced. Other symptoms include mild
abdominal discomfort and intestinal obstruction.
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Carcinoid syndrome, which occurs more often with midgut tumors
associated with metastatic liver disease, is a predictor of poor survival
as the presence of this syndrome indicates more advanced disease.
The syndrome occurs in only about 10% of patients with carcinoid
tumor [13]. It may be precipitated by exertion or by eating foods rich
in tyramine, such as blue cheese and chocolate, or by drinking alco-
hol. Carcinoid syndrome is a result of serotonin (5-hydroxytryptamine)
released by the tumors into the systemic circulation that bypass
metabolism in the liver. The product leads to excitation of smooth
muscle as well as vascular dilation resulting in diarrhea, flushing,
hypotension, and bronchospasm. About two-thirds of these patients
may also have evidence of carcinoid heart disease, which results in
fibrous thickening of the endocardium of the right heart.

Carcinoid crisis refers to a life-threatening event that may be
precipitated by stressful events such as anesthesia and surgery. The
overwhelming release of biologically active compounds leads to flush-
ing, diarrhea, tachycardia, arrhythmias, bronchospasm, and altered
mental status.

Diagnosis
For those patients presenting with carcinoid syndrome, the urinary
levels of the major serotonin metabolite 5-hydroxyindoleacetic acid
(5-HIAA) levels may be measured. The test has a diagnostic sen-
sitivity of 70% and a specificity of 88–100%. Serum chromogranin
A levels, which are more sensitive than 5-HIAA, may be mea-
sured as well in those patients whom carcinoid tumor is suspected.
The sensitivity approaches 80% and specificity approaches 95%.
OctreoScans have a sensitivity of 80–90% and may be the initial
imaging diagnostic test in localizing carcinoid lesions. However, the
addition of octreotide to standard SPECT/CT imaging provides higher
diagnostic value and more reader confidence through the ability to
identify lesions, determine physiologic activity, and gain additional
anatomic information (Fig 15.2) [14]. Endoscopic ultrasound may also
be used.

Treatment
Apart from surgical resection, the mainstay of treatment of diarrhea
associated with carcinoid syndrome is octreotide or lanreotide, which
both avidly bind to somatostatin receptor subtype 2. They both are
equally effective in the treatment of carcinoid-associated diarrhea and
must be administered by multiple subcutaneous injections or by con-
tinuous intravenous infusion. The slow-release depot intramuscular
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Fig. 15.2. Octreoscan with SPECT/CT in female with metastatic carcinoid.
Uptake noted in gastric antrum and right hepatic lobe.

formulation of both medications, however, can be administered every
4 weeks [15]. The interval may be decreased depending on the patient’s
symptoms. If one somatostatin analogue fails, the other analogue
should be administered for treatment of carcinoid syndrome. A new
somatostatin analogue, pasireotide, which has a broader binding affin-
ity for somatostatin receptors, is currently being studied in clinical
trials [16]. Despite continuous treatment with octreotide, failure may
occur. Attempts of treating carcinoid-associated diarrhea have included
the use of serotonin receptor antagonists, such as cyproheptadine and
methysergide [17]. Despite the reduction in diarrhea, severe central ner-
vous side effects as well as risk of retroperitoneal fibrosis with the use of
methysergide preclude the use of these treatments long term. Successful
treatment with the use of ondansetron has been found to be effective for
carcinoid-related diarrhea; however, no randomized trials are available
[18]. Alpha 2 receptor agonists have been used as well as an adjunct
treatment for carcinoid syndrome [19].

Surgical treatment for localized carcinoid tumors varies depend-
ing on the size of the lesion as well as the location. The risk
for metastases is the least for appendiceal tumors and greatest
for rectal primaries, which are the least associated with carcinoid
syndrome.

Patients with limited metastases to the liver may be surgically man-
aged [20]. Other options include hepatic artery embolization (HAI)
or ligation with or without interferon/chemotherapy [21]. Liver trans-
plantation continues to be a consideration in patients with liver-only
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metastases [22]. Long-acting somatostatin analogues lanreotide or
depot octreotides may also be considered, although the biochemical
response far outweighs the tumor response rates. For patients with
more systemic spread, chemotherapy, interferon alpha, along with long-
acting somatostatin analogues, may be used to treat diarrhea and other
symptoms. Another novel approach that is currently under investiga-
tion includes the use of peptide receptor radionuclide therapy (PRRT)
for treatment of metastatic unresectable neuroendocrine tumors. The
results thus far have been promising for the treatment of somatostatin
receptor-positive endocrine tumors [23].

Treatment response can be assessed with monitoring of biomark-
ers, most notably 5-HIAA. Reductions in tumor size on cross-sectional
imaging may also be used to determine treatment efficacy.

VIPOMAS

Vipomas are rare islet cell tumors, the majority of which occur in the
pancreas. The annual incidence of these tumors is 1 in 10,000,000 indi-
viduals [24]. The most common clinical presentation is profuse watery
diarrhea associated with hypokalemia, hyperglycemia, hypercalcemia,
achlorhydria, and flushing, a syndrome previously referred to as “pan-
creatic cholera.” VIPomas have a high malignant potential and at least
60% of these tumors have metastasized by the time of diagnosis [25].
Most VIPomas are solitary tumors but can be part of the MEN 1 syn-
drome in 1% of the cases [26]. The overall 5-year survival rate for
patients with pancreatic VIPomas is 68.5%.

Clinical Presentation
Elevated VIP levels can lead to excessive fluid and chloride secretion,
thus leading to the profuse secretory diarrhea associated with VIPomas.
Large amounts of potassium and bicarbonate are excreted in the stool
which can lead to life-threatening cardiovascular arrhythmias, acido-
sis, and volume depletion. Typically, patients have more than 3 l of
stool per day, so a stool volume <700 ml/day rules out a VIPoma [27].
Other manifestations of VIPomas include flushing, hypercalcemia, and
hyperglycemia [28].

Diagnosis
The diagnosis of VIPoma is suggested by a fasting plasma VIP
level of more than 200 pg/ml in the presence of secretory diarrhea
[29]. The diarrhea persists despite fasting and has a low osmolality
<50 mosm/kg and a high sodium concentration [30]. Laxative abuse
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and the Zollinger–Ellison syndrome can present similar to VIPomas
with severe secretory diarrhea and an elevated fasting VIP level.
Because most VIPomas present at a mean size >3 cm and are highly
vascular, radiologic evaluation will confirm the presence of the tumor
in the majority of cases, as well as document the presence or absence of
metastatic disease. Other imaging modalities used to localize VIPomas
include endoscopic ultrasound, somatostatin receptor scintigraphy, and
MRI [31, 32].

Treatment
The mainstay of therapy of VIPoma is aggressive correction of fluid and
electrolyte abnormalities. Medical therapy including octreotide ame-
liorates many of the clinical manifestations of the disease including
diarrhea, dehydration, and hypokalemia [33]. Interferon alpha is used as
an alternative therapy or add-on therapy in patients who respond poorly
to octreotide despite the lack of widespread acceptance particularly due
to its potential side effects which include fatigue, depression, thyroid
dysfunction, and myelosuppression [34].

Medical therapy such as the use of somatostatin analogues often tar-
get the elevated VIP levels and help alleviate the diarrhea, but the only
hope for cure is with surgical therapy. Surgical options include pallia-
tive or curative modalities. The literature reports a 44–50% resectability
rate of VIPomas, with a 10% “resectable for cure” rate [35]. If curative
resection is not feasible, then palliative resection should be considered
if the patient is an acceptable surgical candidate [36].

Other treatment modalities for metastatic disease have been sug-
gested including cytotoxic chemotherapy and organ targeted therapy
[37]. Given the frequent metastatic spread of VIPomas to the liver,
multiple liver targeted therapies have proven to be promising includ-
ing hepatic areterial embolization and radiofrequency ablation [38].
When feasible, surgical resection of hepatic metastasis remains the
treatment of choice. Orthotopic liver transplantation for hepatic metas-
tasis is an investigational approach at this point in time [39]. The role
of these treatment modalities continues to be undetermined at this point
in time, with concern for a high recurrence rate in the limited published
literature [40].

SOMATOSTATINOMAS

Somatostinomas are one of the rarest pancreatic endocrine tumors.
These tumors possess somatostatin immunoreactivity but are not always
associated with a functional syndrome. The majority of the tumors are
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sporadic but rarely may be associated with neurofibromatosis type 1,
MEN I, and von Hippel–Lindau syndromes.

Somatostatinoma syndrome, which occurs in close to 10% of patients
with somatostatinomas, is associated with markedly elevated levels of
somatostatin, diabetes of recent onset, hypochlorydria, gallbladder dis-
ease, diarrhea or steatorrhea, anemia, and weight loss [41]. The most
common symptoms include diabetes and gallbladder disease. Diarrhea
is present in 37% of patients with the syndrome. Steatorrhea is present
in 47%.

Approximately 53–84% of all tumors show evidence of metastatic
spread at the time of diagnosis [42]. The mean 5-year survival rate of
metastatic disease is about 60%. Patients without metastases have an
excellent prognosis with close to 100% 5- year survival rates.

The pathophysiology of somatostatinoma syndrome can be largely
explained by the hormone’s inhibitory action. Somatostatin inhibits
release of gastrointestinal hormones, stimulated acid and pancreatic
secretion, and intestinal absorption of amino acids, sugars, and calcium.
Diarrhea and steatorrhea are a result of the inhibition on secretion of
pancreatic enzymes and bicarbonate as well as inhibition of absorption
of lipids [41].

The diagnosis of somatostatinomas begins with radiologic imaging,
such as MRI or octreotide scan, to localize and evaluate the extent of
the tumor. EUS may be used to localize small submucosal somato-
statinomas that may be located in the duodenum or pancreatic head
that are not otherwise visualized using standard imaging techniques.
A real-time intraoperative ultrasound should be used during exploratory
surgery to help localize the primary tumor and evaluate for metastatic
disease. Elevated plasma levels of somatostatin-like immunoreactivity
(SLI) concentrations are associated with the clinical syndrome [43].

Medical treatment for somatostatinomas includes octreotide, which
aids in diminishing symptoms of diabetes and diarrhea as well as
decreasing metastatic tumor burden [44]. Patients also may be malnour-
ished and require hyperalimentation along with correction of nutritional
deficiencies. Oral hypoglycemics are used to control blood sugars in the
setting of diabetes. If imaging shows resectability, patients may benefit
from surgical resection of the tumor. Metastatic disease may bene-
fit from chemotherapeutic agents including combination therapy with
5-fluorouracil and streptozotocin or doxorubicin. For patient with hep-
atic metastases, HAI or chemoembolization is an option for treatment.
Cytoreductive surgical resection of liver metastases can be performed
in patients without extensive spread. Interferon alpha is used as well
to control clinical symptoms [45]. When surgery is performed, a
cholecystectomy is also completed in lieu of the risk of cholelithiasis.
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GLUCAGONOMAS

Glucagonomas are rare pancreatic endocrine tumors that are also asso-
ciated with diarrhea. The average time from the first manifestation to
diagnosis is about 2 years and the prevalence is close to 1 in 20 million
people.

The syndrome associated with these tumors is often referred to as the
“4-D” syndrome. Diabetes, deep venous thromboses, depression, and
dermatitis represent the D’s [46]. The classic rash is termed necrolytic
migratory erythema, which is a pruritic red rash involving the pretibial,
perioral, and intertriginous areas [47]. Diarrhea is present in 15–20% of
patients. Glucagonomas are also a part of the MEN 1 syndrome in rare
cases.

Diagnosis is made by elevated levels of plasma glucagons
(>500 pg/ml). Decreased levels of zinc, amino acids, and essential fatty
acids may also be found. SRS may be used in localization as well as
long-term follow-up.

Medical therapy is similar to the other gastro-entero-pancreatic
neuroendocrine tumors and includes octreotide to suppress glucagon
production, which alleviates diarrhea [48]. A combination of strep-
tozocin and doxorubicin is often used for metastatic or recurrent
disease to control symptoms [49]. When surgery is performed, a dis-
tal pancreatectomy with resection of lymph nodes as well as liver
metastases is completed. This is possible in only 30% of glucagonoma
cases. Symptoms, including diarrhea, improve rapidly after resection;
however, there is a high probability of repeat resection for recurrent
metastases [50].

Other options for liver metastases include the use of chemotherapy,
HAI, and percutaneous or intraoperative radio frequency ablation. Liver
transplantation is also a possibility for treatment; however, this is rarely
performed [37].

The prognosis for patients with glucagonomas includes a 5-year
survival rate of 50% without resection. However, most patients have
evidence of metastases at the time of presentation.

SYSTEMIC MASTOCYTOSIS AND OTHER RARE CAUSES
OF NEUROENDOCRINE TUMORS RESULTING

IN DIARRHEA

Systemic mastocytosis (SM) is a rare disease with abnormal prolifera-
tion and infiltration of mast cells in at least one extracutaneous organ.
Gastrointestinal symptoms are present in 14–85% of patients due to
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effects of mast cell mediators as well as direct infiltration of mast cells
into the GI tract. Diarrhea or steatorrhea is found in 43% of patients.
It is due to direct mucosal injury and edema, gastric acid hypersec-
tion, and altered bowel motility. Protein losing enteropathy is present in
some cases. Other GI symptoms include abdominal pain, nausea, vom-
iting, and bloating [51]. Triggers for mast cell release and induction of
symptoms include exposure to NSAIDS, opiates, and penicillin.

The diagnosis of mastocytosis is made by identification of mast
cells in various organs. There is no curative therapy for aggressive
SM. However, cytoreductive therapy with use of combination of inter-
feron alpha, prednisolone, cladribine, and specific KIT tyrosine kinase
inhibitors are often used [52, 53]. During treatment, the risk of mast cell
activation and mediator release may be life-threatening; it is imperative
to utilize histamine receptor antagonists as prophylaxis.

Other rarer neuroendocrine causes of diarrhea include medullary
thyroid cancer and calcitonin-secreting pancreatic endocrine tumors.

Medullary thyroid cancers (MTC) are derived from parafollicular or
C cells, which are part of the APUD (amine precursor and uptake decar-
boxylation) system [54]. They secrete calcitonin but have the ability to
also secrete other hormones such as serotonin, which may be the cause
of diarrhea in patients afflicted with these cancers.

For diagnosis, fine needle aspiration of the thyroid is first performed
and confirmed by high serum levels of calcitonin; a level less than
10 pg/ml virtually excludes medullary thyroid cancer. An octreotide
scan, which is the most sensitive test, may be performed.

Treatment is total thyroidectomy with central neck lymph node dis-
section. Standard chemotherapy or radiation therapy has little effect for
metastatic disease. Vandetanib, which is an oral selective inhibitor of
RET, has shown reduction in calcitonin levels in metastatic hereditary
MTC [55]. Diarrheal symptoms respond to octreotide as well.

Survival for MTC varies according to the extent. For localized
disease, the 10-year survival rate is 95%. For patients with distant
metastases, the 10-year survival rate is close to 45%.

Fewer than 20 case reports of calcitonin secreting pancreatic
endocrine tumors have been published. About half of the cases were
symptomatic, with the predominant complaints being diarrhea or flush-
ing [56, 57]. The diagnosis rests with radiologic examinations as well
as findings on exploratory laparotomy. Unfortunately, most cases are
malignant. Treatment is similar to other endocrine tumors in that
surgery is the backbone of treatment. Pancreatic resection may be per-
formed for tumors that are isolated. Pancreatic resection along with
resection of liver metastases may be considered for patients who present
with more extensive disease [58].
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Summary

Diarrhea determined by enterotoxins is an important public health
problem worldwide. A number of microorganisms can cause diarrhea
by producing and secreting enterotoxins that affect the absorptive
and/or secretory processes of the enterocyte without causing consid-
erable acute inflammation or mucosal destruction. Our knowledge
of diarrheal diseases determined by enterotoxins has expanded enor-
mously over the past decade. The chapter reviews various aspects of
diarrhea induced by enterotoxins, including its management.
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Abbreviations

AQP aquaporins
CFTR cystic fibrosis transmembrane regulator
CLCA Ca2+-activated Cl− channel
CT cholera toxin
DRA downregulated in adenoma (DRA)
ER endoplasmic reticulum
EPEC enteropathogenic E. coli
ETEC enterotoxigenic Escherichia coli
GM1 ganglioside
LT heat-labile enterotoxin
NHE Na+/H+ exchangers
NSP4 non-structural protein 4
ORS oral rehydration solution
PKA protein kinase A
SGLT1 sodium/glucose cotransporter 1
ST heat-stable enterotoxin
Tat transactivator factor peptide
VIP vasointestinal peptide

INTRODUCTION

A number of microorganisms cause diarrhea by producing and secreting
enterotoxins that affect the absorptive and/or secretory processes
of the enterocyte without causing considerable acute inflammation
or mucosal destruction [1]. In addition to the typical microbial
causes of enterotoxin-induced diarrhea, such as Vibrio cholerae, sev-
eral enterotoxin-producing organisms, such as Staphylococcus aureus,
Clostridium perfringens, and Bacillus cereus, have preformed toxins
that survive cooking and cause food poisoning without intestinal col-
onization [1, 2]. Patients with enterotoxin-induced diarrhea generally
have few systemic signs or symptoms such as abdominal cramping,
nausea, or vomiting, and fever is frequently absent [3, 4]. They do typ-
ically present with high volume of watery stools. Our knowledge of
infectious diarrheal diseases has expanded enormously over the past
decade, particularly with regard to understanding the pathogenesis. An
overview of the pathogenesis of the enterotoxin-induced diarrhea is
shown in Figs. 16.1, 16.2, 16.3, and 16.4 and is discussed further below.

Enterotoxins can elicit diarrhea through the following mechanisms:

i. Increasing Cl− secretion through cystic fibrosis transmembrane regu-
lator (CFTR) or Ca2+-activated Cl− channel (CLCA) (Fig. 16.1).
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Fig. 16.1. Increasing Cl− secretion. Cholera toxin (CT) or heat-labile toxin
(LT) produced by enterotoxigenic Escherichia coli (ETEC) stimulates Cl−
secretion by cystic fibrosis transmembrane regulator (CFTR) via cAMP. ETEC
secretes also a heat-stable (ST) enterotoxin able to trigger an increase in the
intracellular levels of cGMP leading to stimulation of Cl− secretion via CFTR.
Thermostable direct hemolysin (TDH) produced by Vibrio parahaemolyticus,
non-structural protein 4 (NSP4) from Rotavirus, and transactivator factor pep-
tide (Tat) from HIV-1 are able to mobilize intracellular Ca2+ leading to Cl−
secretion by Ca2+-activated chloride channel (CLCA).

ii. Decreasing Cl− absorption through inhibition of the Cl−/OH−
exchanger called downregulated in adenoma (DRA) (Fig. 16.2).

iii. Decreasing Na+ uptake by inhibition of Na+/H+ exchangers (NHE)
or by downregulation of Na+/glucose cotransporter 1 (SGLT1)
(Fig. 16.3).

iv. Inhibiting water channels or aquaporins (AQPs) (Fig. 16.4).

We will review here the basic pathophysiology of these processes and
then present therapeutic strategies.
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EspG and EspG2

Microtubules disruption

Cl−

OH−

Fig. 16.2. Reducing Cl− absorption. Effector proteins EspG and EspG2 from
enteropathogenic Escherichia coli (EPEC) disrupt microtubules, leading to
misfolding of the Cl−/OH− exchanger downregulated in adenoma (DRA) at
the apical side of enterocyte.

INCREASING CL− SECRETION

Some enterotoxins trigger signaling molecules such as cyclic AMP
(cAMP), cyclic GMP (cGMP), or intracellular Ca2+, which, in turn,
activate apical Cl− channels leading to an increase in secretion of
Cl− and consequently of water (Fig. 16.1) [1, 3]. The typical model
of this pathway is diarrhea induced by V. cholerae. All vibrio strains
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Glu  Na+

a. b.

Na+

H+

EspFEspF
Map

?

Fig. 16.3. Decreasing Na+ absorption. a Surface expression of the Na+/glucose
cotransporter named SGLT1 is decreased by enteropathogenic Escherichia
coli (EPEC) effector proteins Map and EspF, through internalization of apical
SGLT1 into intracellular vesicles and flattening of microvilli. Also non-
structural protein 4 (NSP4) from Rotavirus and transactivator factor peptide
(Tat) from HIV-1 are able to elicit a similar effect. b EPEC regulates also apical
NHE isoforms, decreasing NHE3 activity through EspF toxin.

produce the same enterotoxin, but different species had differences
in their antibiotic susceptibility. Although cholera toxin (CT) can
affect the whole intestine, cholera is largely caused by toxin activity
in the proximal small intestine [5–7]. Cholera toxin consists of two
subunits, a single toxic active A subunit and a B subunit pentamer,
which is responsible for binding of the toxin to the intestinal epithe-
lial cell via a ganglioside (GM1) receptor present on the brush border
membrane [7]. The bound toxin is internalized into the intestinal
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H2O

EspF
EspG

Fig. 16.4. Impairment of water absorption. The secreted effector proteins EspF
and EspG by enteropathogenic Escherichia coli (EPEC) reduce the num-
ber of aquaporin (AQP) channels at the apical and lateral membranes, and
presumably cause a decrease in water absorption.

epithelial cell, through either caveolin-coated vesicles, clathrin-coated
vesicles, or the so-called Arf6 endocytic pathway [8]. The internal-
ization and toxicity of CT is dependent on cell type, shifting from
clathrin- to caveolin-mediated uptake as cells mature [9]. One expla-
nation for the increased sensitivity of neonates to CT-induced diarrhea
is the development-associated alterations in membrane phospholipids
and consequent changes in endocytosis and signaling pathways [9,
10]. In intestinal epithelial cells, maturation of membrane phospho-
lipids and association of membrane proteins with lipid rafts shift the
endocytic process from a rapid clathrin-dependent mechanism to the
slow and regulated caveola-mediated pathway [10]. Thus, clathrin-
mediated uptake is predominant early in the life, whereas in adult
uptake is mediated by caveolae and shows dependence on GM1 and
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lipid rafts [10]. After entering the cell, CT is routed in a retrograde
manner through the Golgi apparatus into the endoplasmic reticulum
(ER) [10–12]. A specific amino acid sequence, KDEL, which is located
within the A2 subunit of the toxin, mirrors an epitope that is present
in proteins that are typically retained in the ER and results in CT
translocation from the Golgi to the ER by a shuttle protein known as
ERD2 [13, 14]. Cholera toxin co-opts the ER-associated degradation
(ERAD) pathway to subsequently gain entry into the host cell cytosol.
The ERAD pathway ensures that proteins transiting through the ER
for secretion are properly folded. Cholera toxin mimics a misfolded
protein and is retrotranslocated into the cytosol, where typical ERAD
targets would be degraded by the proteasome. At ER level the A subunit
is then cleaved into two peptides, A1 and A2. Instead, the A1 peptide
of CT goes on to ADP-ribosylate adenylate cyclase, leading to pro-
duction of cAMP, which activates protein kinase A (PKA) (Fig. 16.1).
Protein kinase A then phosphorylates the regulatory domain of CFTR,
leading to Cl− secretion [15]. In addition, CT stimulates enterochro-
maffin cells to release serotonin, which in turn stimulates the release of
vasointestinal peptide (VIP) from local enteric neurons, also producing
diarrhea [16].

Also heat-labile enterotoxin (LT), produced by enterotoxigenic
Escherichia coli (ETEC) and closely biologically and antigenically
related to CT, induces diarrhea activating cAMP through ADP ribo-
sylation of Gs [17]. Similar to CT, the B subunit of LT is made
up of five identical subunits. However, in addition to the high affin-
ity of heat-labile enterotoxin for GM1, this enterotoxin also has
binding affinity for various receptors in the human intestine, includ-
ing polylactosaminoglycan-containing receptors or glycoproteins [18].
However, ETEC can secrete also another peptide named heat-stable
(ST) enterotoxin able to bind guanylate cyclase C and to trigger an
increase in the intracellular levels of cGMP [18]. There are two major
STs, although only one of these, STa, is associated with human dis-
ease. ST activates enterocyte cGMP and also leads to the stimulation of
Cl− secretion via CFTR (Fig. 16.1). Yersinia enterocolitica, Citrobacter
freundii, non-O1 vibrios, and other vibrio species elaborate highly
homologous ST [19–22]. These enterotoxins act in a manner similar
to that of E. coli ST. There is a direct evidence of interspecies trans-
fer of the ST plasmid to other non-E. coli bacterial strains. In addition,
enteroaggregative E. coli (EAEC) produce a low molecular weight ST
named EAEC heat-stable enterotoxin 1 (EAST1) [23]. The role of
EAST1 is not clear but might also stimulate secretion. These EAEC
strains have been epidemiologically associated with infantile acute and
persistent diarrhea in developing countries [24].
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Several toxins produced by bacteria (i.e., Vibrio parahaemolyticus
thermostable direct hemolysin, TDH) or by viruses (the virotoxins elab-
orated by Rotavirus and HIV-1) induce a direct secretory effect in
the enterocytes modifying intracellular Ca2+ concentrations (Fig. 16.1)
[25–27]. V. parahaemolyticus thermostable direct hemolysin causes
an increase in intracellular Ca2+ through a protein kinase C (PKC)-
dependent manner [26], but direct regulation of CLCA activity by
PKC has not been studied. The pathogenesis of diarrhea induced by
Rotavirus, the major cause of infantile gastroenteritis worldwide, is
multifactorial. But in the first phases of intestinal infection, the virus
may cause secretory diarrhea via the activity of non-structural protein
4 (NSP4) enterotoxin, which alters intracellular Ca2+ mobilization in
epithelial cells [27, 28]. Mobilization of Ca2+ leads to Cl− secretion by
the CLCA [28]. Elevation of ionized Ca2+ leads to age-dependent halide
ion movement across the plasma membrane. Altered Ca2+ mobiliza-
tion may signal other Ca2+-sensitive cellular processes such as cation
channels and ion and solute transporters to increase fluid secretion
while curtailing fluid absorption [29]. These primary Ca2+-dependent
steps appear to be cyclic nucleotide independent. A secondary compo-
nent appears to involve the enteric nervous system and may be cyclic
nucleotide dependent [30]. Also the transactivator factor peptide (Tat)
produced by HIV-1 is able to induce intestinal ion secretion by a similar
mechanism [31].

REDUCING CL− ABSORPTION

Enteropathogenic E. coli (EPEC) is able to decrease the levels of api-
cal Cl−/OH− exchanger called DRA, inhibiting absorption of Cl− [32].
This process depends on the injection of effector proteins into the host
cytosol by a type III secretion system (T3ss) [32]. The injected effector
proteins EspG and EspG2 disrupt microtubules [32], leading to mis-
folding of the DRA at the apical level of the enterocyte (Fig. 16.2).
In EPEC-infected cells DRA is displaced from the cell surface into
sub-apical membrane vesicles. This blocks one route of apical Cl−
absorption, which has been previously implicated in congenital chlo-
ride diarrhea a rare and severe form of chronic diarrhea with prenatal
onset [33].

DECREASING NA+ ABSORPTION

All pathogens that stimulate Cl− secretion through cAMP can modulate
Na+ absorption through an inhibition of both apical intestinal NHE
isoforms (NHE2 and NHE3) [34, 35]. The effect of CT on NHE2 is



Chapter 16 / Diarrhea from Enterotoxins 289

post-translational, whereas the effect on NHE3 is post-transcriptional
[35]. The effector protein EspF produced by EPEC is able to inhibit
NHE3 activity through a mechanism that involves activation of phos-
pholipase C and Ca2+ (Fig. 16.3) [35].

EPEC alters also SGLT1 function [36]. SGLT1 is active only in
the presence of glucose. Oral rehydration solution (ORS) relies on
the presence of glucose and SGLT1 to drive Na+ into cells and
restore fluid balance [37]. Interestingly, clinical evidences suggest that
EPEC-mediated diarrhea is typically less severe than that caused by
V. cholerae, but is refractory to oral rehydration therapy [36, 37]. EPEC
alters SGLT1 activity by two distinct mechanisms [36, 37]. The first is
associated with the formation of attaching and effacing lesions, by the
bacteria leading to the effacement of microvilli (Fig. 16.3). The sec-
ond means of altering SGLT1 is specific and occurs more rapidly. The
mechanism by which this occurs is still unclear (Fig. 16.3).

Also the virotoxins produced by Rotavirus (NSP4) or by HIV-1
(Tat) can inhibit Na+ absorption. These virotoxins impair Na+-solute
symport activities by blocking SLGT1, hence contributing to diarrhea
[38] (Fig. 16.3). As SGLT1 supports water absorption in the postpran-
dial state under physiological conditions, the inhibition of this system
could also be a cause of Rotavirus-induced malabsorptive osmotic
diarrhea [39].

IMPAIRMENT OF WATER INTESTINAL
TRANSPORT

Experimental evidences suggest a possible role of water channel named
AQP in the pathogenesis of diarrhea [40, 41]. Correlation between
the internalization of AQPs 2 and 3 with peak fluidity of stool was
demonstrated [40, 41]. Probably AQP have a role in the early stages of
EPEC infection. Infection of mice with Citrobacter rodentium, a murine
pathogen closely related to EPEC and EHEC, resulted in decreased
AQPs staining at the apical and lateral membranes, causing a decrease
in water absorption. The secreted effector proteins EspF and EspG were
implicated in this phenotype (Fig. 16.4).

THERAPEUTIC STRATEGIES

In all cases of enterotoxin-induced diarrhea, the attention to fluid and
electrolyte replacement is fundamental. Oral rehydration solution is
the first-line therapy for the management of all subjects with diar-
rhea [42]. In the last years, the World Health Organization (WHO), the
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United Nations Children’s Fund (UNICEF), and the European Society
for Pediatric, Gastroenterology Hepatology and Nutrition (ESPGHAN)
released recommendations for the use of a new lower osmolarity solu-
tion in the treatment of diarrhea [43–45]. However, ORS neither reduces
the severity nor the duration of diarrhea. Over the years, several sub-
strates and substances that affect transepithelial fluid transport have
been added to ORS in the attempt to enhance efficacy, but conclusive
clinical data about their effect are scanty. Studies and meta-analyses
indicate that Zn2+-fortified ORS reduces diarrhea duration and sever-
ity in children with acute diarrhea [45–49]. Zinc is now included in the
WHO essential medicine list for diarrhea treatment, and in the 2008
Copenhagen Consensus, a group of leading global economists, ranked
Zn2+ supplementation as the most effective intervention for advancing
human development. Clinical trials, reviews, and meta-analyses have
demonstrated that Zn2+ reduces diarrhea duration, stool output, and
stool frequency. Zinc is widely used in the treatment of acute gas-
troenteritis in developing countries where it has been estimated that
it is responsible for saving more than 400,000 lives a year. Moreover,
a universal Zn2+-containing super-ORS has been proposed by various
authors. Finally, experimental evidences suggest that Zn2+ is able to
limit diarrhea elicited by cAMP and Ca2+, but not by a cGMP-mediated
mechanism [28].

Available data in children with acute diarrhea do support the con-
tinuation of oral feeding during the illness [45]. Table 16.1 provides
recommendations for the therapy in the main form of enterotoxin-
induced diarrhea. Drugs to improve symptoms, particularly antimotility
drugs, such as loperamide, can reduce the number of stools passed and
may be useful in controlling the stool rate with watery diarrhea. They
should not be used in children because of the possible risk of paralytic
ileum [44].

Racecadotril, a drug active on the metabolism of particular proab-
sorptive neuropeptides (i.e., enkephalins), has been proposed for the
treatment of childhood diarrhea particularly in Rotavirus-induced acute
and persistent diarrhea. But definitive data on the efficacy in all
forms of enterotoxin-mediated diarrhea and in adult patients are still
lacking [50].

The value of antibiotic therapy in uncomplicated acute diarrhea has
not been established. Therapy with an antimicrobial drugs is useful in
selected cases of diarrhea caused by enterotoxins (see Table 16.1) [51].
Patient populations who should be considered for empiric antibiotic
therapy include subjects with bacteremia and extraintestinal mani-
festations, elderly patients, patients with diabetes, patients with cir-
rhosis, immunocompromised patients, patients with cancer receiving
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chemotherapy, and health-care workers who are at an increased risk of
person-to-person spread.

Selected probiotic strains, such as Lactobacillus GG (LGG), are
included in recent guidelines for the treatment of acute gastroenteritis in
children and are particularly useful in Rotavirus infections [45, 52]. In
severe hospitalized children with Rotavirus infection the oral admin-
istration of serum human immunoglobulins is effective to limit the
severity and duration of diarrhea [53].
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Summary

Factitious diarrhea is an intentionally self-inflicted disorder which
is motivated either internally by assuming a sick role or externally
by money, health benefits, etc. The keys to diagnosis are suspicion
and use of readily available stool and urine tests. Since factitious
diarrhea is not uncommon and many tests used to evaluate chronic
diarrhea are invasive and expensive, it is reasonable to perform a
series of basic studies to evaluate for factitious diarrhea early in such
an evaluation. Surreptitious laxative use is the most common etiology
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of factitious diarrhea and can present with volume depletion and
an altered biochemical profile. Magnesium-containing laxatives will
cause osmotic diarrhea; a high stool osmolar gap and stool magne-
sium level of more than 90 Meq/L will be present. Stimulant laxatives
may cause non-gap diarrhea and can easily be detected in the urine.
Any osmolality less than normal (290 mOsmol/kg) indicates dilu-
tional diarrhea, usually the addition of urine or water to stool. All
cases of factitious diarrhea should be well documented in the medical
record to avoid future unnecessary testing.

Key Words: Factitious disorder (Munchausen syndrome), Malingering,
Munchausen by proxy (Polle syndrome), Factitious diarrhea, Diarrhea,
Laxatives, Bisacodyl, Senna, Magnesium salt, Anthraquinones, Melanosis
coli (f), Sodium picosulfate, Ipecac, Stool osmotic gap, Osmolarity stool, Thin
layer chromatography, Dilutional diarrhea, Osmotic diarrhea, Stool osmolality,
Non-gap diarrhea, Miralax

INTRODUCTION

A factitious disorder, previously called Munchausen syndrome, is an
intentional, self-inflicted disorder in which a patient fabricates an illness
[1]. Munchhausen by proxy, also known as Polle syndrome, is a vari-
ant of Munchausen syndrome in which a caregiver, often the mother,
induces illness in a child. Factitious disorders are motivated by nothing
other than assuming the sick role, thus differentiating it from malinger-
ing when a patient is externally motivated by money, medical benefits,
etc. Patients with factitious disorders are characteristically women who
are willing and interested in diagnostic evaluations of their diarrhea.
Often, a stressful event may have occurred prior to the instigation of
their factitious disorders. Malingerers are often men who are disinclined
to undergo assessment for their diarrhea and may have an anti-social
personality disorder [2].

Patients with both factitious disorders and malingering may present
to a health-care provider with obscure chronic diarrhea. Children with
Munchausen by proxy may present with diarrhea after receiving laxa-
tives without their knowledge. Hereafter, these entities will be referred
to as factitious diarrhea. Such diarrhea is often characterized by a vari-
able clinical course and symptoms out of proportion to physical signs.
Factitious diarrhea can be easily diagnosed with simple stool and urine
tests. The key to the diagnosis lies in considering that it may be present
and then testing for it.
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EPIDEMIOLOGY

Often patients with factitious diarrhea work in a health-care system and
are women; nevertheless, several recent series have noted that up to
40% of such patients are men [3]. Among patients with chronic obscure
diarrhea, up to 17% have factitious diarrhea and as many as 4% of new
patients seen on an outpatient basis by gastroenterologists have facti-
tious diarrhea [4, 5]. The most common cause of factitious diarrhea
is laxative use; dilution of stool with water or urine is found in only
15% of cases [4]. Factitious diarrhea has also been reported in patients
with an established cause of diarrhea (i.e., celiac disease) and therefore
should remain in the differential diagnosis of any patient with refractory
diarrhea [6]. Of interest, several cases have been reported in patients
with ileostomies [7].

CLINICAL PRESENTATION

Persons with factitious diarrhea present with variable clinical courses.
General symptoms may include lethargy, muscle weakness, dehydra-
tion, and malnutrition. Often, diarrhea is watery and excessive. Most
patients do not report bloody diarrhea, although there are case reports
of patients who have added blood to their stool [8]. Nocturnal diarrhea
has been reported, in contrast to its rarity in functional bowel disorders.
Associated symptoms may include abdominal cramping, nausea, and
urgency but fever is absent. Physical signs of chronic volume deple-
tion such as weight loss and orthostatic hypotension may be evident in
persons who surreptitiously use laxatives to excess.

DIAGNOSTIC EVALUATION

Two factors are essential to making an early diagnosis of factitious diar-
rhea: suspicion and easily obtainable stool and urine tests. Patients with
factitious diarrhea often have had a prior extensive workup for their
symptoms and may have been seen by several physicians. Although it
is reasonable to rule out more common etiologies of chronic diarrhea
first (see Chapter 18), early evaluation for factitious diarrhea may avoid
excessive and invasive testing.

Clues to surreptitious laxative use include evidence of volume deple-
tion and altered biochemical profiles. Biochemical findings may include
hypokalemia and hypochloremic metabolic alkalosis. Chronic volume
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depletion results in elevated renin levels and secondary hyperaldos-
teronism, further exacerbating chronic potassium loss by accentuating
colon and kidney potassium excretion [9]. Potassium depletion initiates
hypochloremia metabolic alkalosis by (1) impairing chloride absorp-
tion and stimulating hydrogen secretion in the colon and (2) facilitating
renal tubular bicarbonate reabsorption [9]. Hypocalcemia is usually
seen only with chronic ingestion of phosphate-containing laxatives.
Persons using magnesium-containing laxatives may have mildly ele-
vated magnesium despite chronic diarrhea. Patients who dilute their
stools with water or urine will not have evidence of volume depletion or
biochemical abnormalities. Hospitalizing a suspected patient to moni-
tor weight, input, and output may facilitate the evaluation of the clinical
situation. For example, no change in body weight despite a high stool
output in excess of oral intake is consistent with a diagnosis of factitious
diarrhea due to dilution of stools.

STOOL STUDIES

Since factitious diarrhea is not uncommon and many tests used to eval-
uate chronic diarrhea are invasive and expensive, it is reasonable to
perform a series of stool studies to evaluate for factitious diarrhea early
in the evaluation. Such an approach is cost-effective and may avoid
unnecessary harm for the patient [10]. Initial negative stool studies
should be repeated as surreptitious laxative use is often intermittent.
Stool studies are relatively inexpensive and noninvasive tests that enable
characterization of diarrhea, an otherwise essentially subjective symp-
tom. A stool collection should be obtained for at least 24 h on an
outpatient or inpatient basis; normal stool characteristics are shown
in Table 17.1. Stool volume in factitious diarrhea can exceed 1 L/day,
distinguishing it from functional disorders which have normal or mini-
mally increased stool volume [9]. Fecal fat is usually normal (<6 g/24 h)
although fecal fat outputs of up to 9 g/24 h have been reported in fac-
titious diarrhea [9]. The pH level of stool has minimal utility except in
malabsorptive syndromes where a low pH (<5.5) is found. However,
pH can be acidic due to bacterial breakdown of carbohydrates during
prolonged storage of stools and therefore should be performed only on
fresh or refrigerated stools.

The stool osmolar gap is calculated by subtracting two times
the sum of stool sodium and potassium from 290 mOsm/kg. Using
290 mOsm/kg, which is equivalent to plasma osmolality, avoids cal-
culating an artificially high osmolar gap as stool osmolality increases
with prolonged storage due to the breakdown of carbohydrates.
An osmolar gap of less than 50 mOsm/kg indicates a non-gap
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diarrhea. Alternatively, an unmeasured osmotically active substance
may cause an osmotic diarrhea, indicated by an osmolar gap larger than
80 mOsm/kg.

Measuring stool osmolality is useful to establish a diagnosis of
dilutional diarrhea (Table 17.1). As mentioned earlier, stool osmolal-
ity approximates plasma osmolality as the small and large intestines
can neither concentrate nor dilute intraluminal contents. Therefore,
any osmolality less than normal osmolality (290 mOsmol/kg) indi-
cates the addition of a hypotonic substance, frequently urine or water.
The presence of creatinine or urea in stool is diagnostic of dilution
with urine. Although bacterial fermentation can raise stool osmolal-
ity in stored specimens to some extent, a stool osmolality greater than
600 mOsmol/kg suggests the addition of a hypertonic liquid.

LAXATIVE SCREENS

Negative laxative screens should be repeated as surreptitious laxative
use may be intermittent and unpredictable. Simple stool tests can easily
detect some laxatives. For example, the addition of sodium hydroxide
will turn the stool red in the presence of phenolphthalein and blue-
purple with bisacodyl [5]. These tests have a low sensitivity and a
negative result should not be viewed as conclusive.

Although testing of blood can be used to identify laxatives and their
metabolites, urine testing is a better strategy because concentrations
are far greater. Mass spectrometry, gas chromatography, and thin layer
chromatography (TLC) have been used to screen both urine and stool
for laxatives. Frequently, a “laxative panel” can be ordered, but the
laxatives that are included in such panels should be specified. For exam-
ple, the laxative panel by NMS Labs (Willow Grove, Pennsylvania)
tests for anthraquinones, magnesium, bisacodyl, oils, oxyphenisatin,
phenolphthalein, and phosphorus. However, newer laxatives, such as
polyethylene glycol 3350, are not included because polyethylene gly-
col is not absorbed from the intestines. Magnesium is frequently not
a part of such laxative screens and may need to be ordered sepa-
rately. Magnesium-containing laxatives will result in levels greater than
100 mmol/L if used alone. As these agents are sometimes used in com-
bination with other laxatives, a lower threshold value of 50 mmol/L
should be considered positive.

The repeated use of ipecac, associated with the development of
intestinal pseudo-obstruction, has been reported in a patient with
Munchausen-by-proxy who presented with diarrhea, nausea, and vom-
iting. Ipecac administration can be diagnosed by detecting emetine in
urine or stool using high-pressure chromatography with fluorescence
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(National Medical Services, Willow Grove, PA) [11]. As emetine is
slowly removed from the body (35% remains after 30 days), it can
easily be detected long after the last administration.

COLONOSCOPY

Prolonged use of anthraquinone-containing laxatives may result in
melanosis coli, a brown-black discoloration of the colon mucosa which
develops within 4 months of use [9]. The rectum and sigmoid colon
are affected, but discoloration is more intense in the proximal colon
(Fig. 17.1) [9]. Biopsies will show pigmented macrophages in the lam-
ina propria; such pigmentation is caused by incorporation of damaged
organelles in lysosomes, forming lipofuscin [9].

Fig. 17.1. Colonoscopy of patient with melanosis coli

ROOM SEARCHES

Searching the hospital rooms and/or belongings has been proposed as
a reasonable action in the case of suspected factitious diarrhea [9].
Patients may go to extreme measures to hide their laxatives as exem-
plified by a case report of laxatives which were hidden in a cutout bible
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[2]. However, due to significant legal concerns, this procedure should
only be undertaken with written consent by the patient.

STOOL CHARACTERISTICS
OF FACTITIOUS DIARRHEA

Osmotic Diarrhea
Osmotic diarrhea is characterized by the presence of an osmotic gap
(Table 17.2). Magnesium compounds, found in several over-the-counter
agents, including certain antacids, magnesium hydroxide, and magne-
sium citrate, are a common cause of factitious diarrhea reported in the
literature [3, 5]. Oral magnesium results in osmotic diarrhea, often with
stool magnesium levels of greater than 100 mmol/L. Clinically, a cutoff
value of 50 mmol/L has been suggested as magnesium-containing lax-
atives are often used with other agents to produce lower levels of stool
magnesium [4]. However, only magnesium levels of up to 26 mmol/L

Table 17.2
Causes of factitious diarrhea

Osmotic diarrhea
Magnesium (hydroxide, citrate, sulfate)
Sodium phosphate (PhosphoSoda)
Sodium sulfate (Glauber’s salt)
Polyethylene glycol 3350 (Miralax R©)

Non-gap diarrhea
Phenolphthalein (banned 1997)
Castor oil (ricinoleic acid)
Anthraquinones

Senna
Cascara
Rhubarb
Frangula
Aloe
Danthron (banned 1987)

Oxyphenisatin (banned 1973)
Bisacodyl
Sodium picosulfate (not yet available in the United States)

Dilutional diarrhea
Added ingredients include

Water
Urine
Blood
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have been reported in stool without ingestion of magnesium-containing
laxatives [5]. Of note, magnesium is more soluble at an acidic pH; there-
fore, magnesium concentrations will be artificially high in stool samples
which have not been stored properly or analyzed in a timely fashion
[5]. A single dose (125 mmol magnesium sulfate) can result in a stool
concentration of 68 mmol/L (range 38–110) [4]. Magnesium cannot be
detected using thin layer chromatography and often needs to be ordered
separately from the laxative screen.

Polyethylene glycol 3350 (Miralax R©) can theoretically result in an
osmotic diarrhea. This agent was only recently (2006) made available
over the counter and no case reports have yet described factitious diar-
rhea from polyethylene glycol (PEG). PEG is poorly absorbed and
greater than 99% of oral doses are found in stool effluents [12]. PEG
can be detected in stool using liquid–liquid extraction and turbidimet-
ric analysis; small doses (<1% ingested) can be detected in urine using
high-performance liquid chromatography [12, 13]. Although PEG has
been used historically for decades in intestinal perfusion studies, no
commercially available test for PEG is available at this time.

Theoretically, phosphorus and sulfate could cause factitious osmotic
diarrhea. In a study of healthy volunteers, a single dose of 105 mmol/L
sodium phosphate resulted in a mean stool phosphorus concentration
of 182 mg/dL (range 31–417). Abuse of over-the-counter sodium sul-
fate (Glauber’s salt) is minimal and factitious diarrhea from such agents
has been rarely reported [5]. Phosphorus, but not sulfate, is frequently
included in laxative screens.

Non-gap Diarrhea
Stool osmolality will be normal in diarrhea due to stimulant laxatives
with a low osmolar gap and high sodium (Table 17.1). Anthraquinones
and bisacodyl are commonly used laxatives that cause non-gap diarrhea.
Anthraquinone laxatives include senna, cascara, rhubarb, frangula, and
aloe (Table 17.2) and are used by about 50% of patients with fac-
titious diarrhea [14]. All over-the-counter anthraquinone preparations
currently contain senna; however, cascara and other anthraquinones are
contained in many products which are available in health food stores.
Danthron is another anthraquinone that was removed from the US
market in 1987 after hepatic and intestinal tumors were noted in labora-
tory animals. Metabolites of anthraquinones consist primarily of rhein,
which can be detected in urine up to approximately 32 h after ingestion,
although some reports have found rhein 72 h after senna ingestion [15].
Most labs use thin layer chromatography to detect rhein. When nega-
tive, repeat tests may be necessary as a recent report described a high
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false-negative rate for the current thin layer chromatography procedure
[14]. Ingestion of rhubarb of up to 85 g did not give positive thin layer
chromatography results [5].

Other stimulant laxatives primarily consist of bisacodyl and sodium
picosulfate. Bisacodyl, the common metabolite for both forms, can also
be found in both urine and stool and has been found in urine up to
52 h after ingestion [15]. Although some studies have proposed that
urine is superior to other bodily fluids in detecting bisacodyl, a recent
study found higher sensitivity for stool than urine after one dose of the
laxative (91% versus 73%) [14]. Of particular concern in the evaluation
of factitious diarrhea are reports of high false-positive rates with the
current thin layer chromatography test for bisacodyl [14]. Such a test
must therefore be interpreted with caution before confronting a patient
with surreptitious laxative abuse.

Castor oil, an extract of the seed from Ricinus communis, is an
over-the-counter laxative that will cause a non-gap diarrhea. Although
abuse is not frequently reported in the literature, most laxative screens
do test for castor oil. Other stimulant laxatives removed from the US
market include oxyphenisatin and phenolphthalein. Oxyphenisatin was
removed in 1973 after reports of liver failure and phenolphthalein was
banned in 1997 after reports of cancer in rodent models [16]. Many
laxative panels still screen for both of these agents.

Dilutional Diarrhea
As stool osmolality can never be less than that of plasma, a low osmolal-
ity can only result by adding a hypotonic solution to the stool specimen.
In this situation, it should be confirmed that the testing laboratory
did not add water to a formed stool in order to obtain an osmolal-
ity (personal observation). Agents most frequently used by patients
include urine and water; differentiation is made by the presence of cre-
atinine and urea in the former. A very high stool osmolality (greater
than 600 mmol/kg) may be a clue to stool diluted with hypertonic
solutions, such as tomato juice and blood [17]. An osmolality of less
than 600 mmol/kg often indicates prolonged storage and therefore
carbohydrate breakdown.

MANAGEMENT

Confrontation is often unfruitful as frequently, patients adamantly deny
the use of such agents. Such denial may not be deliberate because
patients may internally “block” such information [9]. As confrontation
will result in shame and “shattered self-image,” health-care providers
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must be understanding and supportive in their approach [2]. While no
studies have shown that psychological evaluation and treatment are
beneficial, it is often recommended to patients, although frequently
declined. In such cases, the health-care provider should document such
findings in the medical record.

CONCLUSIONS

Factitious diarrhea is not an uncommon disorder seen in clinical prac-
tice. Easy, inexpensive, and noninvasive stool studies and laxative
screens should be performed early when evaluating chronic diarrhea
to prevent unnecessary and invasive diagnostic tests.
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Summary

Chronic diarrhea is defined as passage of loose stools for more than
4 weeks. In most instances the cause of chronic diarrhea can be dis-
covered and treated effectively. A few less common causes also play
a role: laxative abuse, small bowel bacterial overgrowth, and even
bile acid malabsorption. Rarer syndromes account for a much smaller
percentage of chronic diarrheas but may be more difficult to identify
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and treat. In a small number of patients, a cause for chronic diarrhea
cannot be found and they are said to have chronic idiopathic secre-
tory diarrhea, a fairly homogeneous disorder that can be sporadic
or epidemic. This disorder can be diagnosed after excluding other
causes of chronic diarrhea; it is associated with moderate weight
loss and gradually subsides after 1.5–3 years. A sensible approach to
the patient with chronic diarrhea of unexplained cause is based on a
comprehensive history, focusing on the stool characteristics (watery,
bloody, fatty), the occurrence of weight loss, aggravating and mitigat-
ing factors (with special emphasis on the diet); on a thorough physical
examination and on the careful use of selected laboratory inves-
tigations such as complete blood count, comprehensive metabolic
panel, thyroid tests, and of course stool tests such as bacterial cul-
tures and extensive search for parasites; electrolytes, pH, occult
blood test, leukocytes (or lactoferrin/calprotectin) and fat assessment.
Subsequent analysis will depend on the findings from history, physi-
cal exam, and stool analysis and may or may not include more aggres-
sive investigations such as CT enterography, small bowel follow-
through radiograms, and videocapsule enteroscopy. Additional tests
may have to be occasionally utilized, including plasma peptides
(chromogranin, gastrin, calcitonin, VIP, somatostatin) and urine
chemistry tests (5-HIAA, metanephrines, histamine).

Key Words: Chronic diarrhea, Osmotic diarrhea, Secretory diarrhea,
Brainerd diarrhea, Idiopathic diarrhea, Stool tests

INTRODUCTION

Chronic diarrhea is a common complaint. In the United States it has
been estimated that 3–5% of the population has loose stools for more
than 4 weeks per year [1] and an even higher proportion (28%) has
been reported to have frequent, loose, or urgent bowel movements at
least 25% of the time [2]. For many of these individuals the cause
of chronic diarrhea is apparent or readily diagnosed. Common causes
include drugs, previous surgery on the gastrointestinal tract (e.g., gas-
tric surgery, cholecystectomy, intestinal resection), inflammatory bowel
disease, carbohydrate malabsorption, and celiac disease. Irritable bowel
syndrome with diarrhea affects about 5% of the population, and while
abdominal pain is the predominant symptom, diarrhea is an important
component [3]. Other conditions, such as laxative abuse, bile acid mal-
absorption, and small bowel bacterial overgrowth, may be more difficult
to detect, but need to be considered.

When a careful and complete evaluation of the patient fails to deter-
mine a cause for diarrhea, the diarrhea can be said to be idiopathic.
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While it might seem that this category would include many different
disorders – some of which might be “new” or previously unrecognized
conditions, most patients with chronic idiopathic diarrhea have remark-
ably similar histories and courses, suggesting that they may share a
common condition [4].

WHAT IS THE DEFINITION OF DIARRHEA?

Diarrhea has both common and scientific definitions (Table 18.1, see
also Chapter 1). Most patients seem to identify loose stool consis-
tency as the key feature of diarrhea [5]. Stool consistency varies widely
between individuals and sometimes in individuals from day-to-day. The
descriptions used by patients to identify stools as being diarrhea may
range from soft or unformed stools to pourable watery stools. Other
patients identify unusually frequent stools as diarrhea, even if the stools
are formed. For most diarrheal diseases, both diminished stool con-
sistency and excessive frequency occur concurrently. Some patients
confuse fecal incontinence with diarrhea and will report incontinence
as severe diarrhea.

Physicians tend to emphasize increased stool frequency as the key
definition for diarrhea, rarely mentioning consistency at all. Because
of these potential discrepancies, it is important for the treating physi-
cian to understand exactly what the patient means by the complaint of
“diarrhea” and not assume that it matches his/her definition.

Scientists tend to define diarrhea as excessive stool weight (or vol-
ume). Normal stool weight varies with the amount and type of fiber
consumed [6]. In the United States the cutoff used to distinguish

Table 18.1
Definitions of diarrhea

Patient-based
Loose stool consistency
Frequent bowel movements
(Fecal incontinence)

Physician-based
Frequent bowel movements
Loose stool consistency
Increased stool weight

Scientist-based
Stool weight (>200 g/24 h or >10 ml/kg/day in infants and young children)
Stool frequency (>2 bowel movements/day)
Decreased stool viscosity
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diarrhea from normal often is set at 200 g/24 h (roughly the mean +
2 standard deviations). This does not take into consideration the facts
that women produce somewhat less stool each day than men and that
diets vary widely in fiber content from person to person. Moreover,
no patient has any concept of his/her stool weight before seeing the
physician and few clinicians measure stool weight as part of a routine
evaluation of diarrhea. Other measurable definitions used by scientists
include stool frequency (normally 3 per week to 2 per day) and (less
commonly) stool viscosity. These varying definitions may lead to mis-
understandings when patients, physicians, and scientists use the same
term (“diarrhea”) to describe symptoms.

WHAT CONSTITUTES CHRONIC DIARRHEA?

The duration of diarrhea may be an important clue to etiology. Most
viral and bacterial diarrheas run their courses over 2 weeks, even with-
out treatment [7]. Protozoal diarrheas may last longer, typically up to
4 weeks in patients with intact immune systems. Diarrhea lasting more
than 4 weeks is less likely to be infectious in etiology. Thus a practical
distinction among acute (up to 2 weeks), persistent (2—4 weeks), and
chronic (>4 weeks) diarrhea can be used to predict the likelihood of an
infectious etiology and the probable type of infection. This distinction
is arbitrary. Some authors consider diarrhea to be chronic after 2 weeks
and others after 2 months.

In addition to duration, the consistency of loose stools is a key char-
acteristic of chronic diarrhea. Patients with variable stool consistency
(i.e., sometimes fluid, sometimes formed) are more likely to have irri-
table bowel syndrome (IBS-M, irritable bowel syndrome with mixed
stool form) or diet-induced diarrhea (e.g., lactose intolerance) than any
of the other potential causes of chronic diarrhea.

DIFFERENTIAL DIAGNOSIS

Diarrhea that lasts more than 4 weeks can have a number of poten-
tial etiologies (Table 18.2) [1]. Although infection is less likely than in
acute diarrhea or persistent diarrhea, a recognizable pathogen still may
be present and should be sought with appropriate bacterial cultures,
determination of Clostridium difficile toxin, protozoal stool antigen
tests, and microscopic examination of stools for ova and parasites.

When there is no likely diagnosis for the cause of chronic diar-
rhea after obtaining a history, it is worthwhile attempting to categorize
the type of diarrhea as watery (with secretory and osmotic subtypes),
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Table 18.2
Differential diagnosis of chronic diarrhea by diarrhea category

Watery diarrhea
Osmotic diarrhea

Carbohydrate malabsorption
Osmotic laxatives (e.g., Mg2+, PO3−

4 , SO2−
4 )

Secretory diarrhea
Bacterial toxins
Congenital syndromes (e.g., congenital chloridorrhea)
Ileal bile acid malabsorption
Inflammatory bowel disease

Crohn’s disease
Microscopic colitis

Collagenous colitis
Lymphocytic colitis

Ulcerative colitis
Diverticulitis
Medications and poisons
Disordered motility/regulation

Diabetic autonomic neuropathy
Amyloidosis
Irritable bowel syndrome
Postsympathectomy diarrhea
Postvagotomy diarrhea

Endocrinopathies
Addison’s disease
Carcinoid syndrome
Gastrinoma
Hyperthyroidism
Mastocytosis
Medullary carcinoma of the thyroid
Pheochromocytoma
Somatostatinoma
VIPoma

Idiopathic secretory diarrhea
Epidemic chronic idiopathic secretory diarrhea (Brainerd diarrhea)
Sporadic chronic idiopathic secretory diarrhea

Laxative abuse (stimulant laxatives)
Neoplasia

Colon carcinoma
Lymphoma
Villous adenoma

Vasculitis
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Table 18.2
(continued)

Inflammatory diarrhea
Diverticulitis
Infectious diseases

Invasive bacterial infections (e.g., tuberculosis, yersinosis)
Invasive parasitic infections (e.g., amebiasis, strongyloides)
Pseudomembranous colitis
Ulcerating viral infections (e.g., cytomegalovirus, herpes simplex virus)

Inflammatory bowel disease
Crohn’s disease
Ulcerative colitis
Ulcerative jejunoileitis

Ischemic colitis
Neoplasia

Colon cancer
Lymphoma

Radiation colitis

Fatty diarrhea
Malabsorption syndromes

Mesenteric ischemia
Mucosal diseases (e.g., celiac disease, Whipple’s disease)
Short bowel syndrome
Small intestinal bacterial overgrowth

Maldigestion
Inadequate luminal bile acid concentration
Pancreatic exocrine insufficiency

inflammatory, or fatty in order to simplify the differential diagnosis
and extent of testing (Table 18.2) [1]. This can be done by visual
inspection of an aliquot of stool, measurements of stool sodium and
potassium concentrations (to determine fecal osmotic gap), assessment
of stool pH, and testing for fecal occult blood, fecal leukocytes (either
by microscopy or a surrogate test such as fecal lactoferrin or calpro-
tectin), and stool fat (either by microscopy with Sudan stain or direct
measurement).

Watery diarrhea typically is pourable and contains no blood, pus, or
fat. It can be further categorized as secretory or osmotic by calculation
of the fecal osmotic gap (FOG) [8]. This can be estimated by the
following formula:

FOG = 290 − 2 × (
[Na+] + [K+]

)
,
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where 290 represents the osmolality of luminal contents within
the intestine and [Na+] and [K+] are the sodium and potassium
concentrations in stool water, respectively. The measured cation con-
centration is doubled to account for unmeasured anions. (Measured
stool osmolality should not be used because it largely reflects bacte-
rial metabolism in vitro, not intraluminal osmolality.) As calculated,
the FOG represents unmeasured osmoles and is high (>100 mosm/kg)
when a poorly absorbed substance is present (i.e., osmotic diarrhea)
and is low (<50 mosm/kg) when electrolytes account for most of
stool osmolality (i.e., secretory diarrhea). Osmotic diarrheas are due
to ingestion of poorly absorbed substances, such as lactose in a
lactase-deficient individual, mannitol, magnesium, phosphate, or sul-
fate. Secretory diarrheas caused by incomplete electrolyte absorption
or excess electrolyte secretion have a broad differential diagnosis
(Table 18.2) [1].

Inflammatory diarrhea is characterized by blood and pus in the stool.
It is caused by inflammatory processes, such as colitis or Crohn’s dis-
ease, and by some neoplasms. Fecal leukocytes are the hallmark of
inflammatory diarrhea, mostly colonic in location, and can be assessed
by stool microscopy or by measurement of leukocyte enzymes in stool,
such as lactoferrin or calprotectin.

Fatty diarrhea has excess fat in the stool due to maldigestion or
malabsorption problems, such as pancreatic exocrine insufficiency or
celiac disease. Steatorrhea can be assessed by quantitative stool col-
lection or more simply by fecal microscopy with the use of Sudan
stain [9].

Once the type of diarrhea is categorized and the differential diagno-
sis is pared down, directed testing can usually lead to a diagnosis. For
example, in a patient with blood and pus in the stool, colonoscopy with
mucosal biopsies may find evidence of inflammatory bowel disease.
Categorizing the type of diarrhea also can limit the type of tests done.
For example, a patient without steatorrhea does not need tests for pan-
creatic exocrine insufficiency or other causes of fat malabsorption or
maldigestion.

AVAILABLE TESTS

Table 18.3 shows minimal evaluation sets for patients with various types
of chronic diarrhea [1]. Not all the suggested tests should be conducted
once a diagnosis is reached, but the patient should not be labeled as
having idiopathic diarrhea until they are all completed and fail to give
an answer.
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Table 18.3
Evaluation of chronic diarrhea

In all patients
Comprehensive history

Onset
Pattern
Epidemiology
Stool characteristics (watery, bloody, fatty)
Fecal incontinence
Abdominal pain
Weight loss
Aggravating factors (including diet)
Mitigating factors (including previous treatments)
Previous evaluation
General medical history (possible systemic diseases, drugs)
Psychiatric assessment (for factitious diarrhea)

Physical examination
General condition (nutritional status, evidence for dehydration)
Skin, thyroid, cardiovascular system
Anorectal exam

Routine laboratory tests
Complete blood count
Comprehensive metabolic (chemistry) panel
Thyroid tests

Stool analysis (either quantitative collection or spot collection)
Stool electrolytes, pH
Fecal occult blood test, stool leukocytes (or lactoferrin/calprotectin)
Fat assessment (quantitative or estimate from Sudan stain)

Secretory diarrhea
Exclude infection

Bacterial culture
Protozoal examinations (microscopy, stool antigen tests)
Unusual pathogens (herpes virus, cytomegalovirus, cyclospora,

cryptosporidia, microsporidia, tuberculosis)
Exclude structural disease

CT enterography, small bowel follow-through radiograms
Capsule enteroscopy
Endoscopy with small bowel biopsy, aspirate for quantitative culture
Colonoscopy with biopsies

Additional tests
Plasma peptides (chromogranin, gastrin, calcitonin, VIP, somatostatin)
Urine chemistry tests (5-HIAA, metanephrines, histamine)
Cosyntropin stimulation test (for adrenal insufficiency)
Serum protein electrophoresis, immunoglobulins
Empiric trial of bile acid binder
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Table 18.3
(continued)

Osmotic diarrhea
If low pH (suggesting carbohydrate malabsorption)

Dietary review
Breath hydrogen test (lactose) or lactose tolerance test

Fecal magnesium output

Inflammatory diarrhea
Exclude structural disease

CT enterography, small bowel follow-through radiograms
Capsule enteroscopy
Endoscopy with small bowel biopsy, aspirate for quantitative culture
Colonoscopy with biopsies

Exclude infection
Bacterial culture
Protozoal examinations (microscopy, stool antigen tests)
Unusual pathogens (herpes virus, cytomegalovirus, cyclospora,

cryptosporidia, microsporidia, tuberculosis)

Fatty diarrhea
Exclude structural disease

CT enterography, small bowel follow-through radiograms
Capsule enteroscopy
Endoscopy with small bowel biopsy, aspirate for quantitative culture,

endoscopic ultrasound examination of pancreas
Serological tests for celiac disease (anti-tissue transglutaminase or

anti-endomysial antibodies)
Tests for pancreatic exocrine insufficiency

Secretin test
Stool chymotrypsin or elastase activity
Empiric trial of pancreatic enzyme treatment

WHAT CONDITIONS SHOULD BE CONSIDERED
IN THE DIFFERENTIAL DIAGNOSIS OF DIARRHEA

OF OBSCURE ETIOLOGY?

Our experience in evaluating 193 patients referred to Baylor University
Medical Center, Dallas, with chronic diarrhea that had evaded diag-
nosis or failed management was summarized in a paper published in
1994 [10]. To be included in this group of patients with difficult-to-
diagnose diarrhea, patients had to have had continuous diarrhea lasting
more than 1 month, with negative microbiological studies, no evidence
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of structural gastrointestinal disease or endocrine disease, and no his-
tory of gastrointestinal surgery or radiation therapy. Eleven diagnoses
were commonly found in this group (Table 18.4). In most instances the
diagnosis could have been made with a more careful evaluation [1].

Table 18.4
Common diagnoses in patients with diarrhea

of obscure origin

Bile acid-induced diarrhea
Carbohydrate malabsorption
Chronic idiopathic secretory diarrhea
Fecal incontinence
Functional diarrhea, irritable bowel syndrome
Iatrogenic diarrhea (drugs, surgery, radiation)
Microscopic colitis
Pancreatic exocrine insufficiency
Peptide-secreting tumors
Small intestinal bacterial overgrowth
Surreptitious laxative ingestion

A more recent survey of 62 patients with chronic watery diarrhea in
Spain identified a specific cause for chronic diarrhea in 50 patients with
additional testing [11]. Diagnoses included bile acid malabsorption in
28, sugar malabsorption in 10, gluten-sensitive enteropathy in 10, and
combined bile acid and sugar malabsorption in 2. All patients with an
identified diagnosis responded to specific therapy. Twelve patients had
no further diagnosis made.

During the course of earlier investigations, a group of patients with
chronic idiopathic secretory diarrhea was identified [4]. These patients
had chronic secretory diarrhea and no diagnosis had been reached after
an intensive evaluation. While it might be assumed that these patients
had a variety of conditions, they had a characteristic history and course
that leads to the conclusion that they all have the same disorder, chronic
idiopathic secretory diarrhea.

WHAT IS THE CHARACTERISTIC HISTORY
AND COURSE OF SPORADIC CHRONIC IDIOPATHIC

SECRETORY DIARRHEA?

All of these patients had been in good health and suddenly devel-
oped profound watery diarrhea that often was severe enough to produce
dehydration and weight loss in the first weeks of illness [4]. They had
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no blood in the stools and had little if any abdominal pain, cramping,
nausea, or vomiting. In many cases, the diarrhea began after travel to
a local lake or recreational area, raising the question of an infectious
etiology. However, fellow travelers rarely became ill and household
contacts never became ill with chronic diarrhea. There were no common
epidemiological exposures that could be traced.

Each patient had an extensive evaluation, including blood tests, stool
cultures, stool examination for ova and parasites, colonoscopy and
endoscopy with mucosal biopsies, quantitative stool collection, laxative
screening, quantitative culture of jejunal aspirate, small bowel radiogra-
phy and computerized tomography, and serum levels of peptides known
to be secreted by tumors that cause diarrheal syndromes. All had ther-
apeutic trials of bile acid binders and antibiotics. The evaluations were
negative and therapeutic trials were not helpful. Diarrhea usually could
be mitigated by the use of opiate antidiarrheals.

All patients had a complete and lasting remission that occurred from
7 to 31 months after onset. The offset was gradual, usually taking each
patient several months to return to normal. When contacted months to
years later neither recurrent diarrhea nor irritable bowel syndrome had
developed.

BRAINERD DIARRHEA

Another diarrheal condition with a similar time course and evolution –
but a different epidemiological background – is Brainerd diarrhea. This
epidemic form of chronic secretory diarrhea was first reported as an out-
break associated with milk ingestion in Brainerd, Minnesota, in 1984
[12, 13]. Since that time, several outbreaks have been reported, often in
confined settings, such as aboard cruise ships, or associated with a point
source, such as a restaurant, associated with potentially contaminated
food and drink [14–18].

The clinical course is identical to the pattern described above for
sporadic idiopathic secretory diarrhea, with watery diarrhea lasting
for months to years followed by complete clinical remission. Reports
of these outbreaks describe relatively normal evaluations, including
detailed microbiological testing in some cases, and poor response to
empiric antibiotic therapy. One review of mucosal biopsy specimens
from patients involved in an outbreak on a cruise ship in the Galapagos
Islands showed evidence of colonic epithelial lymphocytosis similar –
but not identical – to that seen with microscopic colitis in 20 of 22
patients. These specimens differed from microscopic colitis in that
there were no surface degenerative changes as in lymphocytic colitis
and there was no thickened collagen layer as in collagenous colitis.
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Three had focal active colitis as seen frequently in patients with acute
infectious colitis.

POTENTIAL ETIOLOGIES

The occurrence of outbreaks of chronic idiopathic secretory diarrhea
strongly suggests an infectious cause for this condition and perhaps for
sporadic chronic idiopathic secretory diarrhea as well. Despite detailed
investigation of several of these outbreaks by the Centers for Disease
Control (CDC) even while they were ongoing, no pathogen has been
identified [17].

This has several implications. First, if chronic idiopathic secretory
diarrhea is due to a microbe, the pathogen is unlikely to be a cur-
rently recognized cause of diarrhea, since these organisms were sought
as part of the investigation of the outbreaks. The pathogen may be a
new type of organism or may be a known organism that utilizes a new
mechanism to cause diarrhea. Second, the pathogen is unusual in that it
causes diarrhea that lasts more than a month. As mentioned earlier, most
microbial diarrheas last less than 4 weeks in immunocompetent individ-
uals. Third, the pathogen is resistant to antibiotics frequently used to
treat infectious diarrhea, such as fluoroquinolones and metronidazole.

Alternate etiologies for a point source outbreak of diarrhea could
be ingestion of some sort of toxin or poison, but this seems unlikely.
Toxigenic diarrheas like cholera have a limited duration because irre-
versibly intoxicated enterocytes are shed after a few days by normal
processes of apoptosis at the villous tips. One would need to postulate
ongoing exposure to the toxin or poison, which seems unlikely.

Thus the etiology of both sporadic chronic idiopathic secretory
diarrhea and epidemic chronic idiopathic secretory diarrhea (Brainerd
diarrhea) remains unknown and perplexing.

MANAGEMENT OF CHRONIC IDIOPATHIC
SECRETORY DIARRHEA

When patients first develop chronic idiopathic secretory diarrhea, they
may develop dehydration and electrolyte depletion that may need to be
addressed with intravenous fluids or oral rehydration solution.

Evaluation should proceed as outlined in Table 18.3 with the precise
order of tests determined by the presentation, results of previous tests,
and the effectiveness of therapeutic trials with drugs such as bile acid
binders. Only after a complete evaluation can the diarrhea truly be said
to be idiopathic.
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Therapy is non-specific. Stool output can be reduced with opiate
antidiarrheal drugs. If standard agents such as loperamide or diphe-
noxylate do not produce adequate results, more potent opiates such
as codeine, morphine, or opium may need to be utilized. These more
potent drugs should be started at low doses and titrated up to an effective
level [19].

Patients with chronic idiopathic secretory diarrhea may be comforted
by the knowledge that their problem eventually will clear on its own.
Unlike the onset of the condition, the offset of the disorder is gradual,
often taking several months [4].
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Summary

Irritable bowel syndrome (IBS) is a gastrointestinal syndrome
characterized by chronic abdominal pain and altered bowel habits in
the absence of an organic cause. One of the four subtypes is IBS with
diarrhea, defined as loose or watery stools ≥25% of bowel move-
ments and hard or lumpy stools ≤25% of bowel movements. The
diagnostic approach to patients with IBS symptoms and no “alarm”
signs includes a complete history and physical examination and a
limited number of diagnostic studies to rule out organic illness.

The focus of treatment should be on symptom relief and address-
ing the patient’s concerns. The most important component is the
establishment of a strong, therapeutic physician–patient relationship.
Other elements include pateient education, dietary modifications,
pharmacologic agents and, in selected patients, behavioral treatments
such as cognitive behavioral therapy, hypnotherapy, and dynamic
psychotherapy.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a gastrointestinal syndrome char-
acterized by chronic abdominal pain and altered bowel habits in the
absence of any organic cause. It is the most commonly diagnosed
gastrointestinal condition with prevalence in North America estimated
from population-based studies to be approximately 10–15% [1, 2].

IBS affects men and women of all ages. However, younger patients
and women are more likely to be diagnosed with IBS. A systematic
review estimated that there is an overall 2:1 female predominance in
North America [2].

Although only about 15% of those affected actually seek medical
attention [2, 3], the number of patients is still so large that IBS in its
various forms comprises 25–50% of all referrals to gastroenterologists.
IBS also accounts for a significant number of visits to primary care
physicians and is the second highest cause of work absenteeism after
the common cold. IBS has been associated with increased health-care
costs, with some studies suggesting annual direct and indirect costs of
up to $30 billion [4].

CLINICAL MANIFESTATIONS

Patients with IBS present with a wide array of symptoms which
include both gastrointestinal and extraintestinal complaints. However,
the symptom complex of chronic abdominal pain and altered bowel
habits remains the main characteristic of IBS [5].

Chronic Abdominal Pain
Abdominal pain in IBS is usually described as a crampy sensation
with variable intensity and periodic exacerbations. The pain is gener-
ally located in the lower abdomen, often on the left side; however, the
location and character of the pain can vary widely [5]. The severity of
the pain may range from mildly annoying to debilitating.

Some clinical features associated with pain are not compatible with
the syndrome and should prompt an investigation for organic diseases.
These include the following: (1) pain associated with anorexia, malnu-
trition, or weight loss is rare in IBS unless there is a concurrent major
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psychologic illness; (2) pain that is progressive, awakens the patient
from sleep, or prevents sleep is not characteristic of IBS.

Altered Bowel Habits
By definition, patients with IBS complain of altered bowel habits and it
is important to elicit a careful history of the volume, frequency, and con-
sistency of the patient’s stools. Patients with IBS complain of diarrhea,
constipation, alternating diarrhea and constipation, or normal bowel
habits alternating with either diarrhea and/or constipation.

Diarrhea
Diarrhea is usually characterized as frequent loose stools of small to
moderate volume. Stools generally occur during waking hours, most
often in the morning or after meals. Most bowel movements are pre-
ceded by lower abdominal cramps and urgency even to the point of
fecal incontinence and may be followed by a feeling of incomplete
evacuation. Approximately one-half of all patients with IBS complain
of mucus discharge with stools.

Large volume diarrhea, bloody stools, nocturnal diarrhea, and greasy
stools are not associated with IBS and suggest an organic disease.
A subgroup of patients describe an acute viral or bacterial gastroen-
teritis which then leads to a subsequent disorder characteristic of
diarrhea-predominant IBS, called post-infectious IBS [6].

Constipation
Constipation may last from days to months, with interludes of diar-
rhea or normal bowel function. Patients may also experience a sense of
incomplete evacuation even when the rectum is empty.

Other Gastrointestinal Symptoms
Upper gastrointestinal symptoms, including gastroesophageal reflux,
intermittent dyspepsia, nausea, and non-cardiac chest pain, are common
in patients with IBS [5]. Patients with IBS also frequently complain
of abdominal bloating and increased gas production in the form of
flatulence or belching.

DIAGNOSTIC CRITERIA

In the absence of a biologic disease marker, efforts have been made
to standardize the diagnosis of IBS using symptom-based criteria. This
concept originated in 1978 when Manning et al. formulated a symptom
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Table 19.1
Symptom complex suggestive of irritable bowel syndrome

Rome III criteria for IBS Manning criteria for IBS

Recurrent abdominal pain or discomforta

at least 3 days per month in the last
3 months associated with two or more
of the following:

1. Improvement with defecation
2. Onset associated with a change in

frequency of stool
3. Onset associated with a change in

form (appearance) of stool

1. Pain relieved by defecation
2. More frequent stools at the

onset to pain
3. Looser stools at the onset of

pain
4. Visible abdominal distension
5. Passage of mucus
6. Sensation of incomplete

evacuation

aDiscomfort means an uncomfortable sensation not described as pain.

complex suggestive of IBS (Table 19.1) [7]. These symptoms included
relief of pain with bowel movements, looser and more frequent stools
with onset of pain, passage of mucus, and a sense of incomplete emp-
tying. A later report substantiated the usefulness of these symptoms in
361 outpatients: 81 had IBS, 101 had organic gastrointestinal disease,
and 145 were controls [8]. The following results were noted: (1) the
likelihood of IBS was proportional to the number of Manning’s crite-
ria; (2) the sensitivity and specificity to discriminate IBS from organic
gastrointestinal disease were 58 and 74%, respectively; (3) the sensi-
tivity and specificity to discriminate IBS from all patients without IBS
were 42 and 85%, respectively.

In an effort to standardize clinical research protocols, an interna-
tional working team published a consensus definition in 1992 called
the Rome criteria, which was revised in 1999 and again in 2005 [5].
IBS was defined as a functional group of bowel disorders in which
abdominal pain is associated with defecation or a change in bowel
habit and with features of disordered defecation. Four subtypes of IBS
were recognized by the most recent iteration called the Rome III cri-
teria: (1) IBS with constipation (hard or lumpy stools >25% and loose
(mushy) or watery stools <25% of bowel movements); (2) IBS with
diarrhea (loose (mushy) or watery stools ≥25% and hard or lumpy
stools <25% of bowel movements); (3) Mixed IBS (hard or lumpy stools
≥25% and loose (mushy) or watery stools ≥25% of bowel movements);
and (4) Unsubtyped IBS (insufficient abnormality of stool consistency
to meet the above subtypes).

The Rome criteria for IBS have been criticized for their overempha-
sis on abdominal pain and failure to emphasize postprandial urgency,
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abdominal pain, and/or diarrhea. As a result, some investigators con-
tinue to use the Manning criteria or a combination of both.

A number of studies have assessed the accuracy of the Rome and
Manning criteria in a variety of practice settings. Although the over-
all sensitivity and specificity are high, results in individual studies have
been variable, providing a rationale for ongoing studies to further refine
these criteria [9]. Furthermore, the predictive values of the criteria
depend upon the prevalence of IBS and organic disease in the individual
practice setting.

Considering the available data and the above limitations, a consen-
sus statement issued by the American Gastroenterological Association
recommends that the diagnosis of IBS should be based upon the
identification of positive symptoms consistent with the condition (as
summarized by the Rome criteria) and excluding, in a cost-effective
manner, other conditions with similar clinical presentations [10].

DIAGNOSTIC APPROACH

Many physicians place great importance on the exclusion of organic
causes of symptoms compatible with IBS. However, to avoid unneces-
sary and costly testing, the diagnosis of IBS can be made on the basis
of classic symptoms in most patients (see Table 19.2). Emphasis should
be placed upon identifying a symptom complex compatible with IBS
and then using prudent, but not exhaustive, diagnostic testing except in
those patients with atypical symptoms or laboratory abnormalities such
as anemia or electrolyte disturbances. The Rome and Manning crite-
ria provide guidelines to identify patients with suspected IBS. A 2009
position statement issued by the American College of Gastroenterology
(ACG) suggests that specific testing be guided by the clinical setting [1].

Table 19.2
Diagnostic approach to patients with symptoms
of irritable bowel syndrome (no “alarm” signs)

Complete history and physical examination
Complete blood count
Stool hemoccult
Routine colon cancer screening at ages ≥50 years

ACG Functional GI Disorders Task Force (2002).

The first step in diagnosis is a careful assessment of the patient’s
symptoms. A non-judgmental series of open-ended questions helps
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to establish a caring physician–patient relationship. A careful history
may identify dietary factors and medications that mimic or exacerbate
symptoms of IBS. Examples include lactose [11], sorbitol [12], and
magnesium containing antacids that may cause diarrhea.

Initial Diagnostic Studies
There is limited evidence to support the routine performance of spe-
cific diagnostic testing in patients without alarm features and in those
without diarrhea. Nevertheless, some amount of testing is usually per-
formed. In patients who have symptoms suggestive of IBS based upon
the Rome III criteria and no alarm symptoms or signs on the history
and physical examination, a limited number of diagnostic studies can
be used to rule out organic illness in the majority of patients with IBS
and diarrhea:

• Routine laboratory studies such as a complete blood count are normal
in IBS. A normal C-reactive protein is useful to exclude an underlying
inflammatory conditions causing diarrhea.

• In patients who have risk factors for a parasitic infection (such as recent
foreign travel to a developing country), three separate and fresh stools
to be examined for ova and parasites are suggested.

• A 24-h stool collection may sometimes be useful if an osmotic
or secretory diarrhea or malabsorption is suspected; stool weight in
excess of 300 g/day or increased fecal fat is unlikely in IBS (see
Chapter 9).

• Serum testing for celiac disease using IgA antibody to tissue transglu-
taminase (tTG) is recommended in patients in whom celiac disease is a
consideration. In a meta-analysis of 14 studies focusing on unselected
adults who met diagnostic criteria for IBS, celiac disease was four times
as likely to be present as controls without IBS; the absolute propor-
tion of patients who fulfilled criteria for IBS and had celiac disease was
approximately 4% [13] (see Chapter 12).

• Routine flexible sigmoidoscopy and biopsy have a low diagnostic yield
and are not cost-effective in IBS, although they may help to reassure
an anxious patient. We occasionally perform this procedure in younger
patients with persistent diarrhea to exclude inflammatory bowel disease
[14]. The ACG position statement emphasizes that routine use of colon
cancer screening tools is recommended for all patients ≥50 years old,
including IBS patients [1]. Mucosal biopsies should be performed in
those with persistent and continuous diarrhea to exclude microscopic
colitis (see Chapter 5).

This limited diagnostic approach rules out organic disease in over
95% of patients with IBS and diarrhea. Stated differently, less than 5%
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of patients with organic disease will be incorrectly diagnosed with IBS
using this diagnostic strategy.

Thus, normal diagnostic studies at this point in the evaluation sug-
gest that it is reasonable to begin a trial of symptomatic therapy. Patients
should be re-evaluated in 3–6 weeks to assess the response to treatment.
Persistent symptoms do not mean that the diagnosis was incorrect.
However, a more extensive evaluation should be considered in patients
who have had no change or progression of symptoms.

Other Diagnostic Studies
It may be reasonable to consider additional diagnostic studies in
patients who do not respond to general treatment measures. The diag-
nostic evaluation depends upon the predominant symptoms: patients
with predominant diarrhea should have a workup similar to other
patients with chronic diarrhea (see Chapter 27).

TREATMENT

General Principles
Because IBS is a chronic and incurable condition, the focus of treatment
should be on relief of symptoms and addressing the patient’s concerns.
An important question to ask is why the patient is seeking help at this
time. Recent exacerbating factors (medications, dietary changes), con-
cerns about serious illness, stressors, hidden agenda (disability claims,
requests for opiates), or psychiatric comorbidity are critical to establish
when developing an optimum therapeutic strategy.

Therapeutic Relationship
The most important component of treatment lies in the establishment
of a therapeutic physician–patient relationship. The doctor should be
non-judgmental, establish realistic expectations with consistent limits,
and involve the patient in treatment decisions. Patients with estab-
lished, positive physician interactions have fewer IBS-related follow-up
visits [15].

The importance of therapeutic relationship in IBS was emphasized
in a study that investigated the components of placebo effect and
patient–provider interaction in 262 patients with IBS [16]. Group 1 was
assigned to a wait list only, whereas group 2 received sham acupunc-
ture with little interaction with a health-care provider. Group 3 received
sham acupuncture but had much more interaction with their health-care
provider. At both 3 and 6 weeks, the level of improvement in group 3
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was significantly higher than group 2, which in turn was significantly
higher than group 1. The conclusion was that the benefits of placebo are
significant in IBS and the patient–health-care provider interaction is a
key part of that effect.

Patient Education
Education about the proposed mechanisms of IBS helps to validate the
patient’s illness experience and sets the basis for therapeutic interven-
tions. Patients should be informed of the chronic and benign nature of
IBS that the diagnosis (if well established) is not likely to be changed
and that he/she should have a normal life span.

Dietary Modification
A careful dietary history may reveal patterns of symptoms related to
dairy and gas-producing foods. Given the similarity that may occur in
symptoms of IBS and lactose intolerance, an empiric trial of a lactose-
free diet should be considered in patients suspected of having irritable
bowel syndrome [17]. Similar symptoms may arise from excessive con-
sumption of fructose-containing beverages in patients predisposed to
fructose intolerance [18].

Exclusion of foods that increase flatulence such as beans, onions,
celery, carrots, raisins, bananas, apricots, prunes, brussel sprouts,
wheat germ, pretzels, and bagels should be considered in patients
who complain of gas. Underlying visceral hyperalgesia in IBS may
explain the exaggerated discomfort experienced with consumption of
gas-producing foods.

Whether elimination of other specific foods is beneficial is unclear.
While it is possible that food allergy or intolerance may have a role
in the development of symptoms, there are no reliable means to iden-
tify such individuals. Testing for serum immunoglobulins directed at
specific dietary antigens (and eliminating responsible foods) has been
proposed but the relationship between the results of such testing and
improvement of symptoms require additional study before such an
approach can be recommended.

An increase in the intake of fiber is often recommended, either
through diet or the use of commercial supplements. However, not all
authorities agree; for example, a decrease in fiber intake to 12 g/day
(particularly insoluble fiber such as bran) was suggested in a British
guideline, because of the potential of fiber to exacerbate symptoms
[19]. A recent placebo-controlled study found that soluble fiber (psyl-
lium) but not insoluble fiber (bran) was beneficial in IBS in primary
care practices [20].
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The proposed beneficial effect of fiber’s mechanisms of action
include the following: enhancement of water-holding properties of the
stool, formation of gels to provide lubrication, bulking of the stool, and
binding of agents such as bile. Despite their widespread use, a sys-
tematic review that included 13 randomized controlled trials found no
convincing evidence that the commonly used bulking agents were more
effective than placebo at relieving global IBS symptoms [21]. Indeed,
some patients may experience increased bloating and gaseousness due
to colonic metabolism of non-digestible fiber.

MEDICATIONS

Pharmacologic agents are only an adjunct to treatment in IBS.
Furthermore, the drugs chosen vary depending on the patient’s major
symptoms. Thus, diarrhea-predominant IBS is treated differently from
constipation-predominant disease.

Antispasmodic Agents
Antispasmodic agents are the most frequently used pharmacologic
agents in the treatment of IBS. Certain antispasmodics (hyoscine,
cimetropium, pinaverium, and peppermint oil) provide short-term relief
but long-term efficacy has not been demonstrated [20, 21].

The antispasmodic agents include those that directly affect intesti-
nal smooth muscle relaxation (e.g., mebeverine and pinaverine) and
those that act via their anticholinergic or antimuscarinic properties (e.g.,
dicyclomine and hyoscyamine) [1]. Their selective inhibition of gas-
trointestinal smooth muscle reduces stimulated colonic motor activity
and may be beneficial in patients with postprandial abdominal pain,
gas, bloating, and fecal urgency.

A meta-analysis of 23 controlled trials of smooth muscle relaxants
found that they were more effective than placebo (risk difference for
global improvement of 22% and overall pain improvement of 53 versus
41%) [22]. In contrast, weak evidence for a benefit on abdominal pain
and global assessment of symptoms was suggested in a second meta-
analysis [23]. A systematic review confirmed the support for short-term
use for some antispasmodics [1].

Administration of these medications in the treatment of IBS should
be on an as-needed basis and/or in anticipation of stressors with known
exacerbating effects. Typical doses include dicyclomine (20 mg orally
four times daily as needed) and hyoscyamine (0.125–0.25 mg orally
or sublingual three to four times daily as needed) or sustained release
hyoscyamine (0.375–0.75 mg orally every 12 h).
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Antidepressants
Some antidepressants are thought to have analgesic properties which
are believed to be independent of their mood improving effects and
may therefore be beneficial in patients with neuropathic pain. The pos-
tulated mechanisms of pain modulation with tricyclic antidepressants
(TCAs) and serotonin reuptake inhibitors (SSRIs) in IBS are facili-
tation of endogenous endorphin release, blockade of norepinephrine
reuptake leading to enhancement of descending inhibitory pain path-
ways, and blockade of the pain neuromodulator, serotonin. Tricyclic
agents, via their anticholinergic properties, also slow intestinal tran-
sit time and may be especially beneficial in diarrhea-predominant
IBS [24].

Several meta-analyses have evaluated the role of various antide-
pressants in patients with functional gastrointestinal disorders and
IBS. One meta-analysis that included 12 placebo-controlled tri-
als of antidepressants in functional gastrointestinal disorders con-
cluded that tricyclic agents were associated with improvement in
symptoms [25]. A systematic review confirmed that TCAs and SSRIs
were more effective than placebo at relieving global IBS symptoms
and appeared to reduce abdominal pain [1]. Finally, a later meta-
analysis that included 12 placebo-controlled trials of antidepressants
in patients with IBS concluded that they were significantly more
effective than placebo (RR of symptoms persisting 0.66, 95% CI 0.57–
0.78) [26]. Treatment effects were similar for SSRIs and tricyclic
antidepressants.

Improvement in pain with TCAs occurs at lower doses than required
for treatment of depression. As a result, if an antidepressant is chosen
for the treatment of IBS, low doses should be administered initially
and titrated to pain control or tolerance. Because of their delayed
onset of action, 3–4 weeks of therapy should be attempted before con-
sidering treatment insufficient and increasing the dose. Examples of
medications used for this purpose include amitriptyline, imipramine,
nortriptyline, and desipramine (10–50 mg at bedtime). The initial dose
should be adjusted based upon tolerance and response. Paroxetine and
fluoxetine (20 mg orally daily), sertraline (100 mg orally daily), or
other antidepressant medications can be considered if depression is a
cofactor [25].

There are less published experience with other antidepressants such
as SSRIs or serotonin norepinephrine reuptake inhibitors (SNRIs),
although they are used clinically. Results of the few published trials
(mainly with SSRIs) have been inconsistent [26–28], although as noted
above, a meta-analysis concluded that overall treatment effects were
similar to tricyclic antidepressants.
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Antidiarrheal Agents
In diarrhea-prone patients with IBS, the stools characteristically are
loose and frequent but of normal total daily volume. A systematic
review identified three controlled trials evaluating loperamide in the
treatment of IBS [29]. All were of short duration, enrolled a small
number of patients, and did not use standardized criteria to iden-
tify patients. Overall, the trials suggested that loperamide was more
effective than placebo for treatment of diarrhea, but not for treatment
of global IBS symptoms or abdominal pain. Patients who consis-
tently develop diarrhea after meals may benefit from taking a dose
about 45 min before meals. Patients who are fearful of leaving the
house because of possible urgent diarrhea should take 2 mg lop-
eramide approximately 1 h before doing so. Loperamide should be used
cautiously in those with symptoms alternating between diarrhea and
constipation.

Benzodiazepines
Anxiolytic agents are of limited usefulness in IBS because of the risk of
drug interactions, habituation, and rebound withdrawal. Furthermore,
benzodiazepines may lower pain thresholds by stimulating gamma
aminobutyric acid (GABA), thereby decreasing brain serotonin. They
may, however, be useful for short-term (less than 2 weeks) reduction of
acute situational anxiety that may be contributing to symptoms.

5-Hydroxytryptamine (Serotonin) 3 Receptor Antagonists
5-Hydroxytryptamine-3 receptor antagonists (such as alosetron,
cilansetron, ondansetron, and granisetron) modulate visceral afferent
activity from the gastrointestinal tract and may improve abdomi-
nal pain. A meta-analysis that included 14 randomized controlled
trials in IBS (involving alosetron or cilansetron) found a benefit
in global improvement in IBS and relief of abdominal pain and
discomfort [30].

Alosetron was developed for use in IBS with diarrhea based upon
its favorable effects on colonic motility and secretion and afferent neu-
ral systems. In clinical trials, the drug was most effective in female
patients in whom diarrhea was predominant. However, the drug was
subsequently found to be associated with ischemic colitis and serious
complications related to severe constipation, prompting the Food and
Drug Administration (FDA) to remove it from the market in the United
States. Evaluation of post-marketing data and demand from a subset
of patients who had responded to treatment has prompted the FDA to
make the drug available under tight control.
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Antibiotics
Scattered reports have suggested that some patients with IBS improve
with antibiotic treatment [31, 32]. Most of the improvement has been
with bloating but not for abdominal pain or altered bowel habits. The
mechanisms leading to benefit are unclear but may be due to suppres-
sion of gas-producing bacteria in the colon. Such studies do not prove
the hypothesis that bacterial overgrowth in the small intestine underlies
the symptoms of most patients with IBS.

Furthermore, in one report, lactulose breath testing (the method used
for suggesting bacterial overgrowth in some of these studies) did not
discriminate patients with IBS from healthy controls. Thus, the relation-
ships between bacterial overgrowth, benefits of antibiotics in patients
with IBS, and methods to test for bacterial overgrowth in IBS require
further study before this approach can be recommended.

Psychosocial Therapies
Behavioral treatments may be considered for motivated patients who
associate symptoms with stressors, although their benefits remain con-
troversial [33, 34]. Hypnosis, biofeedback, and psychotherapy help to
reduce anxiety levels, encourage health promoting behavior, increase
patient responsibility and involvement in the treatment, and improve
pain tolerance.

A systematic review of 25 controlled studies concluded that psy-
chological interventions are of marginal clinical significance and with
unclear durability of benefit [35]. However, another review concluded
that cognitive behavioral therapy, dynamic psychotherapy, and hyp-
notherapy are each more effective than usual care in relieving global
symptoms of IBS [1].

Alternative Therapies
Multiple alternative forms of therapy for IBS have been suggested, such
as herbs, probiotics, acupuncture, and enzyme supplementation [36].
Their role remains uncertain.

SUMMARY AND RECOMMENDATIONS

Treatment of IBS varies with the severity and type (diarrhea versus
constipation predominant) of symptoms that are present.

Mild Symptoms
Patients with mild or infrequent symptoms usually have little or no
functional impairment or psychologic disturbance. Thus, treatment
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should focus upon the general measures described above (such as
establishment of the physician–patient relationship, patient education,
reassurance, dietary modification, and, if bloating is not a major factor,
fiber supplementation) rather than specific pharmacologic therapy.

Moderate Symptoms
Patients with moderate symptoms of IBS experience disruptions of nor-
mal daily activities due to exacerbations of symptoms; these patients
may also demonstrate psychologic impairment.

This author often monitors patients’ symptoms for several weeks to
help identify precipitating factors, such as lactose intolerance, excess
caffeine, or specific stressors. Modifications in diet, behavioral changes,
and psychotherapy may improve the clinical outcome.

Randomized controlled trials evaluating specific pharmacologic
agents have demonstrated their superiority compared with placebo.
However, there have been few controlled trials evaluating specific
strategies such as the duration for which these drugs should be used
in conjunction with other types of treatment (such as fiber ther-
apy), how long they should be used alone, or whether they should
be given continuously or episodically. This author often not only
uses pharmacologic intervention to control symptom flares but also
uses continuous pharmacologic therapy (such as tricyclic antidepres-
sant drugs) for periods of months or years. The choice of specific
therapies is based mainly upon symptoms and response to empiric
trials.

Intractable Symptoms
A small subset of patients with IBS present to tertiary care centers with
severe, unrelenting symptoms that are often associated with underlying
psychiatric impairment and frequent health-care utilization. I often sug-
gest behavioral modification and the use of psychoactive drugs in such
patients [37].
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Summary

Functional diarrhea (FD) or non-specific chronic diarrhea (NSCD)
is considered as the most frequent cause of chronic diarrhea without
failure to thrive in toddlers. According to the Rome III classification,
this clinical entity is defined as a daily painless, recurrent passage
of three or more, large, unformed stools during a period of at least
4 weeks, with an absence of alarm signs such as failure to thrive if
caloric intake is adequate, abdominal pain, or blood in the stool and
emesis. The clinical history is the key point to identify patients with
FD. Minimal blood and stool tests may help to differentiate between
the causes of diarrhea such as infection, celiac disease, and inflamma-
tory conditions. The pathophysiology of FD is not well understood.
Starch, fructose, and sorbitol malabsorption have been implicated
as important nutritional substances in the development of FD. In
the same hand, parental factors are important in the perpetuation of
functional diarrhea and induction of complications such as malnutri-
tion. Functional diarrhea in childhood is a self-limiting disease and
therefore no treatment is necessary. The recognition that dietary fac-
tors play a key role in the majority of these children has focused
awareness upon the dietary intervention of this FGID.

Key Words: Functional diarrhea, Toddler’s diarrhea, Unspecific diarrhea,
Chronic diarrhea

INTRODUCTION

Functional diarrhea (FD) or non-specific chronic diarrhea (NSCD) is
considered as the most frequent cause of chronic diarrhea without fail-
ure to thrive in toddlers. This functional disorder not only occurs in
toddlers or children but is also frequently present in the adult pop-
ulation. Generally the syndrome is associated with normal growth
and intestinal absorption. The etiology and pathophysiology is poorly
understood, but it is believed to be secondary to abnormalities in the
gastric and intestinal motility after ingestion of beverages containing
fructose as a predominant carbohydrate. The differential diagnosis is
wide, but this entity can be easily recognized clinically. The diagnostic
workup typically is unremarkable. Usually the patient recovers without
squeals or complications.

TERMINOLOGY

Several denominations have been used in reference of functional
diarrhea. The term “non-specific diarrhea” is often used due to the
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non-specific etiology that causes this disease [1, 2]. “Irritable bowel
syndrome of infancy” due to similar characteristics of this syndrome
with diarrhea-predominant irritable bowel syndrome D-(IBS) with the
main difference that there is no pain involved in functional diarrhea [3].
The other term used “toddlers diarrhea” is of course due to the age of
presentation which frequently ranges between 6 months and 3 years [1].
As stated in the introduction, functional diarrhea is also a very frequent
cause of persistent diarrhea in adults [4] (see also Chapters 18 and 19).

DEFINITION ACCORDING TO THE “ROME III
CRITERIA”

Functional diarrhea (FD) in toddlers according to the Rome III classifi-
cation is defined as a daily painless, recurrent passage of three or more,
large, unformed stools during a period of at least 4 weeks, in children
between the ages of 6 and 36 months. Passage of these unformed stools
occurs during waking hours. Furthermore, there is an absence of alarm
signs such as failure to thrive if caloric intake is adequate, abdominal
pain, or blood in the stool and emesis [5].

EPIDEMIOLOGY

Functional diarrhea is a common condition and has been estimated as
the most frequent cause of diarrhea in toddlers without the presence
of failure to thrive. Recently an Italian prospective cohort study was
performed to determine the prevalence of different functional gastroin-
testinal disorders. A total of 9660 patients aged from birth to 12 years
were enrolled by 13 primary care pediatricians from the Campania
region of the Italian National Health Service [6]. A total of 2% met
the strict criteria for at least one functional gastrointestinal disorder
(FGID). Of these 194 children, 3.6% fulfilled the criteria for functional
diarrhea resulting in a total prevalence of 0.07%. The prevalence of FD
in children has not been established among different races and regions
in the world. A recent study among Afro-American children living in
the United States revealed a prevalence of FGID of 19%; however, data
concerning FD were lacking in this study [7].

CLINICAL EVALUATION

The clinical history is the key point to identify patients with FD;
generally, the toddler is unperturbed by the bowel movements that usu-
ally occur during waking hours and playtime. In these children both
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the defecation frequency and stool consistency markedly differ from
healthy children. FD children have four to more than ten times daily
runny or watery stools, whereas the defecation pattern of healthy tod-
dlers is between two and four times per day [8]. The stools of FD
children are light colored and foul smelling. Typically, the first stool
of the day is of normal amount and has a formed or semi-formed con-
sistency. During the day, stools become less solid with each defecation.
Undigested remnants almost always are present. Importantly, defeca-
tion does not occur at night. Mother usually denies symptoms such as
pain, abdominal distension, emesis, presence of bloody stools, whereas
the patient does not exhibit signs of dehydration and usually drinks
plenty of fluids.

Apart from these characteristics, medical history taking should aim
at the assessment of the age diarrhea started and events accompany-
ing it. Special attention should be paid to detailed dietary history and
focus on the “four F’s”: fiber, fluid, fat, and fruit juices. Indeed, often
times it is found in these children that the diet may be poor in fiber or
fat, while excessive in fluid and sugary beverages intake. Furthermore,
a complete history about family diseases such as inflammatory bowel
disease, cystic fibrosis, celiac disease, pancreatic insufficiency, food
allergies should be obtained to direct better the interrogatory. It is also
important to address any history of allergic reactions during the addi-
tion of complementary food, milk intolerance, or specific intolerance
to juices, sorbitol, and fructose-enriched beverages. A history of recent
enteric infections, laxative, or antibiotic use is also an important point
to consider.

By definition, these children present with normal heights and
weights. They appear healthy and happy; they eat well and are nor-
mally active. Studies about the incidence or prevalence of hyperactivity
in children with FD have not been published. Thus, the growth usually
is not affected in a child with FD, unless the calorie amount in the diet
is restricted, crucial point during the clinical history as explained above.
Failure to thrive may also significantly deviate the diagnosis, due to the
broad differential diagnosis of intestinal malabsorption and failure to
thrive and may lead to perform an extended workup that usually turns
unremarkable.

DIFFERENTIAL DIAGNOSIS

Protracted enteritis, generally secondary to an acute viral or bacterial
gastroenteritis, causes with secondary disaccharidase deficiency and
bacterial overgrowth that usually runs together with this syndrome and
is absent in FD. Ova and parasites should be excluded. Presence of
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Giardia can mimic FD, with the difference that Giardia can induce
mucosal injury, malabsorption, and abdominal pain, not present in FD.
Celiac disease has an increased prevalence in patients from a European
background and is becoming more frequent in the United States, should
be ruled out as well, due to the wide spectrum of symptoms than can
mimic FD. Pancreatic insufficiency is another key point in the differen-
tial diagnosis; the prevalence of diarrhea in cystic fibrosis raises and is
almost invariably associated with severe failure to thrive [9]. Congenital
sucrose isomaltase deficiency, a rare autosomal recessive disease, mim-
ics FD by presenting with chronic intermittent diarrhea with normal
growth in children generally with ethnic background from Canada,
Greenland, or Eskimo’s origin [10, 11]. Other rare diseases presented
with diarrhea such as immunodeficiency, protein-losing enteropathy,
autoimmune enteropathy, Inflammatory bowel disease should also be
taken into consideration.

Basic laboratories may help to differentiate between the causes of
diarrhea: blood test included white/red cell count to rule out neutrope-
nia, lymphopenia, and anemia; sedimentation rate and CRP to exclude
inflammation. Serum electrolytes are important to analyze potential
impact of the disease on the acid–base and electrolyte balance; serum
albumin will help to exclude protein-losing enteropathy or malnutrition.
Stool test for guaiac or occult blood, pH and reducing substances, and
the presence of ova and parasite and Giardia antigen.

Other specialized tests like anti-endomysial antibodies with Ig-A
determination, stool fat quantification and fecal elastase determination,
sweat test may have a possible diagnostic role specially if there is an
associated failure to thrive. If protein-losing enteropathy is suspected, a
fecal alpha-1 antitrypsin determination may be of benefit.

Special studies such as breath test, upper endoscopy with dis-
accharidase determination, colonoscopy with biopsy, and pancreatic
stimulation test are normally not indicated unless there is a strong suspi-
cion of presence of congenital disaccharidase deficiency, celiac disease,
or an inflammatory condition.

Antro-duodenal or colonic manometric studies are not indicated in
FD. These procedures have been used in research, but they seem to
be of little or no clinical benefit. Furthermore, both motility studies
are not easy to perform, are invasive, and generally do not alter the
management, given the benign nature of the disease.

PATHOPHYSIOLOGY

The pathophysiology of FD is not well understood. Many factors to
explain this syndrome have been proposed: abnormalities in gastric and
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duodenal motility after fructose ingestion, different stool composition
in terms of microbiota, fluid content and bile acids, bacterial over-
growth, fructose and carbohydrate malabsorption. Parental factors may
play an important role in the perpetuation of this syndrome as well.

MOTILITY

Several gastrointestinal motility abnormalities have been described in
patients with FD.

Gastric Motility
The gastric emptying rate for carbohydrate beverages is primarily deter-
mined by the volume, the caloric content, and the osmolality of the fluid
ingested [12]. For instance, gastric emptying is faster for a fructose
solution than for an isocaloric glucose or galactose solution [8]. This
is possibly due to the greater inhibitory feedback associated with the
introduction of glucose in the duodenum. The smooth muscle cells of
the distal two-thirds of the stomach exhibit a cyclic recurrent electric
activity that is characterized by regular depolarization of the cellu-
lar membranes. Electrogastrography (EEG) is a non-invasive technique
which allows study of the pattern of the electric activity and frequency
of the gastric contraction and effect of meal and different conditions
on this pattern. Using EGG, Moukarzel and Sabri showed that gastric
myoelectric activity in FD patients differs from healthy subjects in
whom the EGG’s pattern and breath hydrogen production significantly
change after ingestion of pear (fructose and sorbitol) or grape (glucose)
juices [13]. Postprandial period dominant power (PDP) and running
spectrum total power (RSTP) were higher (p < 0.02) in the pear juice
group than in the grape juice group, suggesting higher antral myoelec-
tric activity after ingestion of the pear juice. In volunteers, ingestion of
pear juice induced elevation of the breath hydrogen in 57% of them,
while grape juice only resulted in an increase of breath hydrogen in 4%
of them. These results suggested the presence of an increased myoelec-
tric activity induced by fructose and sorbitol; and possibly faster gastric
emptying and malabsorption of the juices containing these carbohy-
drates compared to a predominant glucose juice [13]. Another study
performed in toddlers with FD showed a non-significant decrease in the
gastric emptying rate, performed with 13CO2 glycine after ingestion of
apple juice with and without pulp. However, there was a significant ele-
vation of the breath hydrogen in the ones who ingested juice without
pulp suggesting that a different amount of soluble fibers contained in
the juice may also have an effect by modulating gastric emptying and
absorption of fructose [14].
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Small Bowel Motility
The migrating motor complex (MMC) characterizing the small bowel
fasting motility pattern is interrupted by a meal and replaced by post-
prandial activity in healthy children and adults. During the postprandial
state the effect of meals especially of fat and some hormones such as
insulin, CCK induce a disturbance of phase III of the MMC with a con-
sequent decrease on intestinal transit [15, 16]. By using antro-duodenal
manometry it has been shown that, unlike healthy controls, intraduo-
denally instilled dextrose failed to interrupt the phase III of MMC in
children with functional diarrhea [8]. Failure to interrupt MMC results
in diminished small bowel transit time and increased colonic delivery of
bile salts, fluids, and possibly incompletely absorbed nutrients, such as
fatty acids. In the early 1980s Jonas et al. already showed that sodium
and bile acid concentrations were elevated in the extractable water
phase of stools from toddlers with FD [17]. As an interesting analogy
a parallel phenomenon occurs in patients with diarrhea-predominant
IBS in which abnormalities in the amplitude, velocity, and propaga-
tion of MMC have been described suggesting the presence of these
abnormalities as a possible mechanism for the development of diar-
rhea [18–20]. This abnormality in the small bowel motility in IBS-D is
not well understood and is presumed to be associated with the presence
of small bowel overgrowth, frequently associated with this syndrome
[21–23].

INFECTION

Parasitic and bacterial infections have been suggested as possible pre-
cipitating factors for the development of functional diarrhea [2]. There
is a well-known association between several gastrointestinal infectious
processes and FGID in children. In a series of children with a known
history of bacterial gastroenteritis, defined as a presence of bacterial
pathogens in stool cultures, the relative risk of having an FGID was 3.2
(95% CI: 1.2–7.9). The main symptom was abdominal pain; also loose
stools were reported in 8 out of 44 patients with a history of positive cul-
tures. Furthermore, post-infectious irritable bowel syndrome (PI-IBS)
has been widely described in adults and presents as frequent episodes
of abdominal pain and diarrhea up to 6 months after an acute episode of
gastroenteritis in a previously healthy individual [24]. In PI-IBS there is
an activation of the immune system leading to mucosal inflammation,
explained by the persistence of colonic mucosal abnormalities such as
increased number of intraepithelial lymphocytes, lamina propia T lym-
phocytes, and calprotectin positive macrophages and increased number
of mast cells in the terminal ileum [25, 26]. Studies done specifically in
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functional diarrhea in adults showed a significant association between
a history of bacterial gastroenteritis and the development of PI-IBS.
Out of 108 patients with a positive history of bacterial gastroenteritis, 9
developed FD while just 2 of 201 controls developed FD, OR 9.05 (95%
CI 1.9–42.6). The most frequent pathogens associated with PI-IBS were
Campylobacter, Salmonella, Shigella, E. coli, and Aeromonas sobria
[27]. In another study 47% of the patients developed irritable bowel
syndrome-associated diarrhea following a previous history of Giardia
lamblia infection.

BACTERIAL OVERGROWTH

The presence of small bowel bacterial overgrowth (SBBO) has also
been associated with the development of diarrhea in irritable bowel
syndrome (D-IBS). This condition mimics the symptoms of functional
diarrhea. An abnormal elevation of hydrogen during a glucose breath
test was demonstrated in a substantial number of patients with this con-
dition. The reversal of symptoms after treatment of SBBO strongly
suggests an association of SBBO and D-IBS [28, 29]. To date, no
studies have been performed in children with functional diarrhea to
evaluate the presence of SBBO.

PROSTAGLANDINS

Diarrhea is a frequent symptom in patients exhibiting elevation of
prostaglandins. A significant elevation of the prostaglandin PGFα was
demonstrated in children with FD compared with controls [30]. As a
possible effect an indirect evidence of increased intestinal secretion has
been reported in FD due to an increased activity of the Na+–K+-ATPase
and adenylate cyclase [31]. In a proportion of patients, there was a good
clinical response to aspirin (a prostaglandin synthetase inhibitor or lop-
eramide (an opiate analogue)) [28]. Aspirin therapy decreased plasma
prostaglandin levels but loperamide had only little effect. These results
are interesting in view of the normal jejunal secretion in children with
FD, and because of the action of prostaglandins on adenylate cyclase
activation and intestinal secretion.

BILE ACID MALABSORPTION

Bile acid malabsorption has been proposed as a cause of functional
diarrhea in adults. Using the method of the 75-seleno-homocholic acid-
taurine test (SehCAT) several authors demonstrated that 40–60 % of
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patients with chronic functional diarrhea have evidence of bile acid mal-
absorption, responding favorably to the use of cholestyramine [32, 33].
In toddlers with FD, daily stool determination of fat and bile acids was
not different when compared with controls; however, an abnormal ele-
vated concentration of bile salts in the watery phase of the stool was
obtained in the group of patients with functional diarrhea. These find-
ings suggest that a secretory component may be present in patients with
functional diarrhea [17]. The diagnosis of bile acid malabsorption is
difficult without the SehCAT. We were unable to find studies in tod-
dlers using this latter method, leading us to presume that the association
between bile acid malabsorption and functional diarrhea in toddlers or
children remains to be a question. New lights in the diagnosis of bile
acid malabsorption are offered by Walters et al. who measured the lev-
els of fibroblast growth factor 19 (FGF19), which is produced in the
ileum in response to bile acid absorption and regulates hepatic bile
acid synthesis. They showed that patients with bile acid malabsorp-
tion have reduced serum FGF19. The authors suggested a mechanism
whereby impaired FGF19 feedback inhibition causes excessive bile
acid synthesis that exceeds the normal capacity for ileal absorption,
producing bile acid diarrhea [34].

FECAL MICROBIOTA

It is well known that the frequency, form, consistency, and compo-
sition of feces are changed in a variety of gastrointestinal diseases.
Bacteria comprise more than 90% of the fecal mass and are always
involved in these alterations. Swidsinski et al. quantitatively assessed
the biostructure of fecal microbiota in healthy subjects and patients
with chronic idiopathic diarrhea by using in situ hybridization [35].
Compared to healthy adults, they demonstrated that the assembly of
fecal microbiota in idiopathic diarrhea was markedly different, char-
acterized by mucus depositions within feces; mucus septa and striae;
marked reduction in concentrations of habitual Eubacterium rectale,
Bacteroides, and Faecalibacterium prausnitzii groups; and increased
concentrations of occasional bacteria. Furthermore, they showed an
improvement in all parameters for diarrhea after treatment with the pro-
biotic yeast Saccharomyces boulardii. Most of these changes persisted
after cessation of therapy. The structural organization of fecal micro-
biota in healthy subjects was stable and unaffected by S. boulardii. To
date there is evidence that S. boulardii is beneficial for the treatment of
acute gastroenteritis and the prevention of antibiotic-associated diarrhea
in children [36] (see also Chapter 27). However, no data are available
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with respect to the effect of S. boulardii in children with functional
diarrhea.

Role of Nutrition: Carbohydrate Consumption
and Malabsorption

Starch, fructose, and sorbitol malabsorption have been implicated as
important nutritional substances in the development of FD. Modified
starch (MS) chemically treated to introduce ester groups or to cross-
link starch chains of amylopectin is present in a great variety of foods
especially in baby food and is used to increase stability and texture
and to prevent gel formation during the storage of food. MS can pro-
duce elevation of breath hydrogen and induce the presence of loose
stools; this phenomena is aggravated by adding sorbitol and/or fruc-
tose [37]. Fructose is a six-carbon sugar that is present naturally in
table sugar, apples, pear, peaches, prunes honey, and many food sweet-
eners. Fructose absorption is carrier mediated and consequently has a
limited absorption depending on GLUT-5 transporter and is absorbed
mainly in the small intestine [38]. Also fructose is absorbed by pas-
sive diffusion by solvent drag promoted by glucose [39]. Carbohydrate
content varies in different juices; apple and pear juices contain high
fructose–glucose ratio and sorbitol while grape and orange contain
equivalent quantities of both sugars and no addition of sorbitol [40, 41].
The absorption of fructose and sorbitol from apple and pear juice is
very limited inducing diarrhea and abdominal pain, while the absorp-
tion of fructose/glucose from grape and orange juice is better tolerated
[42–45]. After consuming a large dose of fructose, several gastroin-
testinal symptoms have been reported in adult volunteers. An elevation
of hydrogen and methane was reported after a dose of 25 g fructose
and presence of symptoms included diarrhea after a dose of 50 g [46].
Both irritable bowel syndrome and FD in children have been asso-
ciated with pear and apple juice carbohydrate malabsorption, with a
complete resolution of the symptoms after refrain from these particular
juices [47].

Psychosocial and Parental Factors
Childhood stressors such as family problems, physical or sexual abuse,
changing school or homes, or loss of family or friends are able to induce
disordered gastrointestinal motility. Parental factors in the perpetuation
of functional diarrhea and induction of complications such as malnu-
trition are invariable secondary to the level of anxiety, generated by
the symptoms and the lack of abnormal workup. Environmental studies
have shown that families of patients with FD exhibited increased levels
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of stress compared to matched controls and suggested that decreasing
anxiety levels will positively contribute to the management [48, 49].
Parental adherence to the management is frequently a problem: in fact,
due to some cultural backgrounds, parents may fail to appreciate that
the administration of sugar-loaded beverages in response to diarrhea
can actually worsen the disease [50]. Furthermore, it has been often
believed by anxious mothers that diarrhea is induced by certain type
of food intolerance and consequently a diverse variety of exclusion and
restrictive diets are given to the child, sometimes to the deleterious point
of impairing his/her growth gain and inducing malnutrition [2].

THERAPY

Functional diarrhea in childhood is a self-limiting disease and therefore
no treatment is necessary. Intensive support, education, and reassurance
of parents by the physician are crucial at the beginning of nutritional or
medical interventions. Reassurance of the parents regarding the benign
nature and good outcome of the disease helps decreasing the level of
anxiety and increases adherence to therapy. Furthermore, it helps to
avoid unnecessary interventions such as ominous malnutrition trying
to control diarrhea [51].

Dietary Intervention
The recognition that dietary factors play a key role in the majority of
these children has focused awareness upon the dietary intervention of
this FGID. Increase of the fiber intake should be encouraged by the
(re)introduction of whole meal bread and fruits. Fluid intake must be
within normal limits. Furthermore, a high fat content diet is recom-
mended, to slow gastric emptying. The effect of fat may be mediated
by its action on receptors at different sites in the stomach and small
bowel. Infusion of a fatty solution or hyperosmotic glucose into the
duodenum relaxes the fundus, facilitating redistribution of food from
the distal to the proximal stomach, whereas the tone of the pylorus
and phasic pyloric contractions increase, interrupting the flow from
the stomach to the duodenum [52]. Fat should be increased to at least
35–40% of total energy intake [2]. Finally, carbonated, sugar-loaded
beverages, fruit juices, punches, sodas should be avoided. Avoidance of
fruit juices can induce remission in some of the patients. In those cases,
cloudy apple juice may be a safe alternative [14]. The role of bever-
ages enriched with complex carbohydrates such as maltodextrines and
glucose polymers is unclear and has not been studied.
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PHARMACOLOGICAL TREATMENT

Enzymes
It is hypothesized that a subgroup of patients with functional diarrhea
is symptomatic because of a high sucrose intake in their diets or due
to unrecognized partial or complete deficiency of intestinal sucrase–
isomaltase (SIMD). The use of enzymes which promote the absorption
of monosaccharides has been proposed in a small subgroup of patients
with FD. A trial of sacrosidase (β, D-fructofuranoside fructohydrolase)
derived from the yeast Saccharomyces cerevisiae has been used in eight
patients with FD improving the frequency and characteristics of stools
in 50 % of them. The authors concluded that the improvement was due
to the high sucrose intake rather than having a possible primary SIMD,
with consequent malabsorption of sucrose [53].

Probiotics
The use of probiotics has been extensively studied in the treatment
of acute diarrhea in children [54–56] (see also Chapter 27). In these
studies, probiotics appeared to be safe in healthy children. Even in
immune compromised or seriously ill children, significant complica-
tions were rare. Different probiotic strains showed to be effective in
reducing the risk of antibiotic-acquired diarrhea and in reducing the
duration of acute infectious diarrhea. Until now no studies have been
performed using any probiotic strain in the treatment of functional
diarrhea in young children. However, a study in adults with chronic
non-specific diarrhea showed reestablishment of the fecal microbiota
with the use of S. boulardii. The frequency of stools improved in 70%
of the patients and in 45% of them a complete resolution of the diarrhea
was accomplished [35].

Anticholinergic Agents
Loperamide, an opioid receptor agonist that inhibits peristaltic move-
ment by reducing the release of acetylcholine and prostaglandin during
distension in vitro is a well-known therapy to decrease the number of
days of diarrhea in conditions like infectious gastroenteritis, functional
diarrhea, traveler’s diarrhea, and FGIDs such as diarrhea-predominant
IBS in adults [30, 57, 58]. Although there have been no randomized
controlled trials evaluating the use of loperamide in functional diar-
rhea in children, many pediatric gastroenterologists have found that
loperamide produces symptomatic relief in this specific patient group.
This anticholinergic medication has been approved by the FDA for
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children over 2 years; however, side effects are more frequent in patients
less than 3 years.

Binding Resins
The use of cholestyramine has been proved to help patients with bile
acid malabsorption and functional diarrhea [32]. Cholestyramine is a
quaternary ammonium anion exchange resin, with a strong affinity for
bile salts. The polymer binds the negative carboxyl groups on the bile
salts and prevents them to flow into the colon [59].

CONCLUSION

Although functional diarrhea is the most common cause of diarrhea
in toddlers, this well-recognized disorder remains poorly understood.
However, these children recover spontaneously, and usually no treat-
ment other than effective reassurance for the parents is necessary.
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Summary

Diarrhea may result from either neoplastic (e.g., gastrinoma,
VIPoma, medullary carcinoma of the thyroid) or non-neoplastic dys-
function of the endocrine glands. This chapter deals with diarrhea
due to hyper- or hypofunction of the endocrine pancreas, thyroid,
adrenal gland, or congenital immune-related disease affecting several
endocrine glands. The epidemiology, clinical features, diagnosis, and
treatment of the diarrhea of these non-neoplastic endocrine diseases
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are covered here. Although some of these diarrheal syndromes are
rare, some (e.g., diabetic diarrhea and the diarrhea of hyperthy-
roidism) are common because of the prevalence of the underlying
disease.

Key Words: Non-neoplastic endocrinal diarrhea, Diabetic diarrhea, Celiac
disease, Diabetes mellitus, Sorbitol, Bile acid malabsorption, Lymphocytic
colitis, Pancreatic insufficiency, Diabetic microangiopathy, Autonomic
neuropathy, Intestinal fluid and electrolyte transport, Intestinal motility,
Bacterial overgrowth, Anorectal dysfunction, Fecal incontinence, Loperamide,
Clonidine, Somatostatin, Thyrotoxicosis, Steatorrhea, Coefficient of fat
absorption, Ulcerative colitis, Propylthiouracil, Beta blockers, Addison’s
disease, Autoimmune polyglandular syndrome, APS type I, APS type II, John F
Kennedy, IPEX, Polyendocrinopathy, FOXP3, Cyclosporine, Tacrolimus, Bone
marrow transplantation

INTRODUCTION

Endocrine or hormonal diarrhea is an important cause of chronic
diarrhea comprising neoplastic and non-neoplastic causes (Table 21.1).
This chapter will focus on diarrhea related to non-neoplastic endocrine

causes. Although some diarrheas related to endocrine disorders are rare,
some are more common because of the prevalence of the respective
endocrine disorder.

DIABETIC DIARRHEA

Diabetics experience GI symptoms more frequently compared to non-
diabetics in the general population [1–4]. In one survey, up to 76% of
diabetic outpatients reported at least one GI symptom with constipa-
tion being the commonest and reported in 60% cases [2]. Diarrhea has
been reported among 8–22% of diabetics [2–4]. The prevalence may
be underestimated given the lack of prospective epidemiologic studies.
Cross-sectional studies have reported a higher prevalence in type I dia-
betes mellitus (T1DM) compared to type 2 diabetes mellitus (T2DM)
(5.2% vs. 0.4%; p < 0.01) [5]. Whether the prevalence of diarrhea in dia-
betics is increased with poorly controlled diabetes is not entirely clear.
In one population-based study, there was a direct correlation between
the number of GI symptoms and the self-reported glycemic control [3].
However, in another community-based study, upper GI symptoms but
not the diarrhea was related to glycemic control [4]. The reason for an
increase in prevalence of GI symptoms with poor glycemic control is
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not entirely clear. However, this has been shown to be likely related to
effect of blood sugar levels on the motility of the GI tract including the
small bowel [6]. There are no data on the osmotic process contribut-
ing to diarrhea by diffusion of glucose into the GI lumen or by the
metabolism of glucose to short chain fatty acids with resultant osmotic
diarrhea.

Definition of Diabetic Diarrhea
The term “diabetic diarrhea” was introduced by Bragen et al. in
1936 to describe unexplained diarrhea in diabetics. This was more
clearly defined by Whalen et al. and Malins and Mayne in the 1960s
[7–9]. It includes all three components of the definition of diarrhea,
i.e., increased frequency, watery consistency, and increased weight
>200 g/day.

Causes of Diarrhea in Diabetes Mellitus
RELATED OR ASSOCIATED WITH DIABETES MELLITUS

Drug/diet induced: Metformin administration is the most common
cause of diarrhea in diabetics [1]. Dietary food containing sorbitol,

Table 21.1
Causes of endocrinal diarrhea

Neoplastic causes
Carcinoid syndrome
Gastrinoma
Somatostatinoma
VIPoma
Medullary carcinoma of thyroid
Mastocytosisa

Non-neoplastic causes
Diabetes mellitus
Thyroid disorders

– Thyrotoxicosis
– Hypothyroidism

Adrenal gland disorders
– Addison’s disease
– Autoimmune polyglandular syndromes type I and II

X-linked immune deficiency with polyendocrinopathy and diarrhea (IPEX)

aAlthough mastocytosis is not due to neoplasia of an endocrine organ, the role of
systemic mediators in the cause of diarrhea is similar to the other neoplastic endocrine
diseases.
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medication elixirs, and laxative use should be explored as other poten-
tial causes. The diagnosis is made by response to withdrawal of the
offending agent.

Celiac disease (CD): The prevalence of concomitant CD is reported
to be 1–7.8% among T1DM [10–28] (Table 21.1). Wide variation in the
reported prevalence may be attributed to the study population (children
vs. adults); type of screening test used; sample size; and percentage of
cases with biopsy confirmation. Prevalence is higher among adults with
a longer duration of diabetes [10, 29]. The prevalence of CD among
diabetics is similar in the USA and Europe and may even be higher
in the USA (Table 21.2). Sharing a common histocompatibility gene
HLA-DQB1 between the two diseases as well as several shared non-
HLA gene loci may explain this association [30].

The diagnosis of associated CD in diabetics is important for ade-
quate management of the diabetics. The clinical distinction is difficult
as symptoms in CD may be similar to the GI symptoms in diabetics.
Diagnosis requires serology and small bowel biopsy. The index of sus-
picion is heightened by (a) gastrointestinal symptoms preceding onset
of diabetes; (b) frequent episodes of hypoglycemia; (c) associated mal-
absorption with anemia, hypocalcaemia, or low serum folate levels;
(d) absence of neuropathy in patients with diabetic diarrhea; and (e)
presence of constitutional symptoms.

All patients with T1DM should be screened for CD [31]. Although
the awareness is increasing over the last decade, the screening fre-
quency in 2006 was reported at only around 70% [29]. It has been
shown that annual screening for CD in T1DM increases the cumulative
frequency of the diagnosis of CD from 3.7% at the time of diagnosis of
T1DM to 10% at 5 years of follow-up [28]. This is corroborated by the
increased prevalence of CD in T1DM in adults as compared to children
(Table 21.2).

Bile acid malabsorption: Though not well studied, there appears to
be increased excretion of bile acids in the stool in 15% of diabetics with
diarrhea as demonstrated by a bile acid breath test [32]. Unfortunately,
there is inconsistent efficacy of cholestyramine in treating patients with
diabetic diarrhea [33].

Lymphocytic colitis: In a retrospective study on 199 Swedish patients
with lymphocytic colitis, 40% had some sort of autoimmune disease
including diabetes mellitus, thyroid disease, or CD [34].

Pancreatic insufficiency: The prevalence of chronic pancreatitis is
increased in diabetics. Mild exocrine pancreatic insufficiency has been
reported among 20–70% of diabetics [35]. This is postulated to be
due to inhibition of pancreatic enzymes by high levels of glucagon.
Structural and inflammatory damage to the pancreas may be suspected
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with (a) pain as a dominant symptom, (b) history of alcohol abuse,
(c) presence of pancreatic calcification, and (d) increasing insulin sensi-
tivity and occurrence of frequent hypoglycemic episodes. Diagnosis is
made by secretin–cholecystokinin stimulation test and measuring the
pancreatic exocrine secretion or response to therapeutic trial of oral
pancreatic enzymes.

Diabetic microangiopathy: The presence of hyalinized periodic acid
Schiff (PAS) positive, thick vessel walls of the small bowel was reported
on duodenal biopsy in a patient with T1DM and chronic diarrhea using
monoclonal antibodies against type IV collagen [36]. However, these
changes are not always seen in patients with diabetic diarrhea and are
also unable to explain the intermittent nature of symptoms [9, 37, 38].
Moreover, thickening of vessel walls and microangiopathy is a non-
specific finding and is commonly seen in patients with long-standing
diabetes mellitus. Therefore, the clinical significance of this finding
is not clear and intestinal biopsy is not recommended for making the
diagnosis of diabetic diarrhea.

ASSOCIATED WITH AUTONOMIC NEUROPATHY

Autonomic neuropathy is thought to be a major pathologic factor con-
tributing to diarrhea in diabetics. This idea is supported by the presence
of other manifestations of autonomic neuropathy in diabetic patients
with diarrhea [39], the occurrence of diarrhea after use of ganglion
blocking agents or with infiltrative diseases of the ganglia [40], and
the demonstration of degenerative nerve changes in patients with dia-
betic diarrhea [41]. Neuropathy may cause diarrhea by altering fluid
and electrolyte transport or by altering motility.

Intestinal fluid and electrolyte transport abnormalities: Alpha
adrenergic receptors mediate fluid and electrolyte absorption in the
small bowel [42]. Loss of this adrenergic tone in diabetics may result in
increased net fluid and electrolyte secretion. This is corroborated by the
observation of impaired net fluid absorption in non-diabetic rats with
chemical sympathectomy and in rats made diabetic with streptozotocin
[42]. This pathophysiologic syndrome has been labeled as idiopathic or
true diabetic diarrhea. Its diagnosis is made by (a) its characteristic clin-
ical features (Table 21.3), (b) exclusion of other causes (Fig. 21.1), and
(c) response to either octreotide and/or clonidine [43, 44]. Measurement
of intestinal secretions is a research procedure available only in a
few centers. Among all patients with diabetic diarrhea, impaired
autonomic function was the cause in 62% of T1DM and 16% of
T2DM [5].
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Table 21.3
Clinical characteristics of true diabetic diarrhea

• Occurrence in a patient with type 1 diabetes of long-standing duration
• Features of chronic secretory diarrhea, i.e., diarrhea persisting on 24–48 h

of fasting with no osmotic gap in stool
• Intermittent episodes of diarrhea
• Brown voluminous watery stools
• Nocturnal severity of symptoms
• Associated peripheral neuropathy with autonomic component such as

orthostasis, anhidrosis, retrograde ejaculation, urinary symptoms, and
abnormal papillary responses

• Frequent response to agents such as clonidine or somatostatin

Chronic diarrhea in a diabetic

Detailed history and physical examination for:
Diet and medications: metformin, alcohol, and non-absorbable sugars

Features of malabsorption/steatorrhea
Gastrointestinal surgery such as ileal resection

Evidence of peripheral and/or autonomic neuropathy
Features of hyperthyroidism or Addison’s disease

Evidence of fecal incontinence

peptic ulcer [ZES], skin rash [glucagonoma], gall stones [somatostatinoma], low K ± achlorhydria [VIPoma]

Stool for O/P and WBCs

72 hr fecal fat analysis< 6 g/d

> 6 g/d
Colonoscopy

Specific treatment if abnormal Normal

Idiopathic diabetic diarrhea

Celiac serology
Duodenal biopsy
CT abdomen
SB Barium series

Chronic pancreatitis
Celiac disease
Bacterial overgrowth

ZES – Zollinger Ellison Syndrome; K – Potassium; O/P – Ova and parasites; WBC – White blood cells; 
SB – Small bowel 

Infectious cause

Fig. 21.1. Diagnostic approach to chronic diarrhea in a patient with diabetes
mellitus.

Intestinal motility abnormalities: Increased GI motility with fast
transit and abnormal migratory motor complexes is described in
diabetics [45–50]. All these patients had associated peripheral and
autonomic neuropathy. Whether this abnormal motility pattern exists
in patients without neuropathy is not entirely clear. Moreover, the
abnormal motility does not correlate with the presence of symptoms
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[46]. Conflicting data also exist with demonstration of increased
[47] as well as slow motility [48] in patients with diabetes mellitus
and diarrhea. Further, inability to link the abnormal motility to the
gastrointestinal symptoms and diarrhea limits the acceptance of the
abnormal GI motility as the primary mechanism of diarrhea in this
disease.

Abnormalities of intestinal motility may be demonstrated by manom-
etry, orocecal transit time, or radioisotopic methods. Orocecal transit
time measurement by the demonstration of excretion of hydrogen
in breath after ingestion of 14C xylose is the most available tech-
nique. Measurement of GI motility may be helpful to guide the use
of prokinetic or antimotility agents for the treatment of diarrhea.

Bacterial overgrowth: Diabetics with slow intestinal motility may
develop bacterial overgrowth. The diagnosis is supported by jejunal
aspirates demonstrating >105 aerobic or anaerobic organisms/ml, 14C
xylose breath test, or response to a therapeutic trial of broad-spectrum
antibiotics.

Anorectal dysfunction and incontinence: Anal sphincter dysfunc-
tion has been described in diabetics with chronic diarrhea especially
among patients with peripheral neuropathy [2]. These patients have
fecal incontinence as a major symptom, although this is not true diar-
rhea. Anorectal manometry shows the sphincter dysfunction to be
limited to internal anal sphincter with preserved function of the external
anal sphincter [51].

Approach to the Diabetic Patient with Chronic Diarrhea
Detailed history and physical examination is the first step in approach-
ing all patients with diarrhea (Fig. 21.1). Focus should be on (a) dura-
tion of diarrhea; (b) features of malabsorption such as greasy foul
smelling stools, weight loss, anemia, and peripheral edema; (c) evi-
dence of fecal incontinence; (d) use of sorbitol containing compounds,
laxatives, and drugs such as metformin especially eliciting the temporal
relationship between the onset of diarrhea and introduction of either of
these agents; (e) abdominal pain; (f) history of alcoholism; (g) presence
of other autoimmune diseases; (h) symptoms of peripheral and auto-
nomic neuropathy; and (i) type and duration of diabetes. Diarrhea in
diabetics may or may not respond to fasting. It must be remembered that
hormonal diarrhea due to certain neoplastic causes may have associated
diabetes, e.g., glucagonoma, somatostatinoma, and VIPoma. However,
the duration of diabetes in these conditions usually will be short. In con-
trast, diabetic diarrhea usually develops in patients with long-standing
diabetes mellitus (mean 17 years; 2–45 years of age) [52].
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Complete blood count and comprehensive biochemical examina-
tion are performed as screening tests for malabsorption (anemia,
hypocalcaemia, and hypoproteinemia), infection leukocytosis, and elec-
trolyte/fluid deficits. Stool samples are sent for ova/parasites and
WBC’s for an infectious etiology. Celiac serology should be obtained
for T1DM patients. Colonoscopy is then indicated if the initial workup
is non-contributory and there are features suggestive of a colonic origin
of diarrhea. Although sigmoidoscopy can pick up a large percentage
of colonic causes of diarrhea, colonoscopy is preferred for taking ran-
dom mucosal biopsies from left and right sides of the colon to exclude
microscopic or collagenous colitis and for ileal intubation with biopsies
to exclude Crohn’s disease [53]. If the qualitative stool fat test is pos-
itive, next step should be to check for quantitative stool fat excretion
(Fig. 21.1). Normal fat excretion is <6 g/day on a diet with 100 g fat per
day. Because up to 14 g/day of fat excretion can occur just because
of motility or secretory dysfunction of the small bowel, which fre-
quently happens in diabetics [54], a true diagnosis of steatorrhea among
diabetics is most reliable if the fat excretion is >14 g/day. Specific
tests are then performed for small bowel, pancreatic, or celiac disease.
Patients with symptoms suggestive of fecal incontinence can be diag-
nosed more firmly with anorectal manometry. If the etiology of diarrhea
is still unexplained, the patient is diagnosed to have diabetic diarrhea
(Table 21.3).

Treatment of Diabetic Diarrhea
Effective management is crucial as there is a significant impact of GI
symptoms in diabetics on the quality of life (QOL) [55]. It has been
shown that the QOL scores in these patients get worse with increas-
ing number of symptoms. Moreover, the condition can be fatal among
infants with type 1 diabetes and secretory diabetic diarrhea [56].

Initial attempts should be to restore fluid and electrolyte status.
Adequate control of blood sugar levels should be assured, although
there are no clear data whether this is really helpful. Symptomatic
control of diarrhea can be achieved using opiates such as codeine or
better still, loperamide. It is unclear whether opiates are efficacious by
their clear action on the muscle or by their reported action of reducing
intestinal secretions [57, 58]. Loperamide is given orally in a dose of
2–4 mg after each bowel movement to a maximum of 12–24 mg/day. It
should be assured that the patient does not have an infectious etiology
or severe colitis as use of these agents in these situations has a poten-
tial for prolonging bacterial clearance or precipitating toxic megacolon.
Specific treatment is attempted based on the pathogenetic mechanism
identified (Table 21.4).
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True or idiopathic diabetic diarrhea can be treated with clonidine,
which decreases intestinal secretions and thus has therapeutic role in
control of diarrhea [59]. The drug is given orally in a dose of 0.1–0.6
twice a day. As an adrenergic agonist, it acts on the α-2 adrenergic
receptors of the enterocytes (Fig. 21.2) which are hypersensitive as a
result of loss of adrenergic tone in diabetics with autonomic neuropathy
(denervation hypersensitivity) [43]. Restoring adrenergic tone results in
net fluid and electrolyte absorption and improvement in diarrhea. The
drug is occasionally limited by orthostasis and hypotension and should
be used with caution in elderly and those susceptible to falls [59]. In this
respect, topical subcutaneous application of clonidine (clonidine patch)

Fig. 21.2. Water and electrolyte transport in the small bowel. a In the normal
state with intact adrenergic innervations, alpha adrenergic tone mediates net
absorption. b In the presence of diabetic autonomic neuropathy and loss of
adrenergic innervation, there is net secretion of water and electrolytes due to
loss of adrenergic tone. Clonidine, an alpha-2 agonist, restores this adrenergic
tone (denervation hypersensitivity) resulting in net absorption of water and
electrolytes.
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is useful with control of diarrhea and is less likely to cause orthostatic
symptoms [60].

Somatostatin is an endogenous gastrointestinal hormone secreted
from the D cells of the gastric antrum. Its synthetic octapeptide ana-
log, octreotide, is given as subcutaneous injection to treat diarrhea due
to VIPomas, carcinoid syndrome, and AIDS [61]. Given as 50 μg sub-
cutaneous injection twice a day, it has been successful for symptomatic
control in patients with diabetic diarrhea [39, 62]. The exact mecha-
nism of action is unclear. However, slowing of the intestinal motility,
improved net absorption of fluids and electrolytes, and suppression of
diarrheogenic hormones have been postulated [63].

DIARRHEA RELATED TO HYPER-
AND HYPO-FUNCTION OF THE THYROID GLAND

Diarrhea in Thyrotoxicosis
Symptoms of thyrotoxicosis are known to occur not only with hyperthy-
roidism (Grave’s disease and toxic goiter) but also with inappropriate
exogenous administration of thyroid hormones. GI symptoms in thy-
rotoxicosis are often subtle and often ignored by the patients [64].
Hyperphagia is the most common symptom, but diarrhea has been
reported in about 20% of cases [65, 66]. Absence of pain, weight
loss out of proportion to diarrhea, hyperphagia with increased appetite,
and presence of other typical features of thyrotoxicosis (tachycardia,
proptosis, moist palms, hypertonic reflexes, and fine tremors) raise the
suspicion for thyrotoxicosis as the underlying etiology.

MECHANISMS OF DIARRHEA

Although the exact mechanism of diarrhea in thyrotoxicosis is
unknown, there are many proposals (Table 21.5). The most commonly
accepted mechanism is altered motility with a rapid intestinal transit.
Barium studies have shown small bowel intestinal transit of 1–3 h in
patients with thyrotoxicosis compared to 8–10 h in the normal popula-
tion [67]. Although barium examination is simple and readily available,
assessing the orocecal transit time by measuring pulmonary hydro-
gen excretion after administration of non-absorbable and bacterially
metabolized carbohydrate such as lactulose is more reliable [68].

Even using the breath test, abnormal motility has not been con-
sistently linked to the symptoms of diarrhea. Abnormal GI motility
is noted in 90% of patients with thyrotoxicosis, but only 20% of
these patients have symptomatic diarrhea [69]. However, in symp-
tomatic patients, this may play an important role. With achievement
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Table 21.5
Mechanisms of diarrhea in thyroid disorders

A. Thyrotoxicosis

Steatorrhea associated
Hyperphagia and fast intestinal transit
Bile acid and lactose malabsorption
Associated celiac disease

Non-steatorrhea associated
Secretory diarrhea
Associated lymphocytic colitis
Associated inflammatory bowel disease

B. Hypothyroidism
Slow intestinal transit and bacterial overgrowth

of euthyroid status, motility is restored to normal with disappearance of
diarrhea [70].

Steatorrhea has been described in 46–60% of patients with thyrotox-
icosis [71, 72]. This has been shown to be related to thyrotoxicosis as it
normalizes with achievement of euthyroid status. However, steatorrhea
is unrelated to the thyroid disease severity, body mass index, and daily
fat intake [71]. Pancreatic and small bowel functions have been con-
sistently shown to be normal in these patients and do not explain the
steatorrhea [71, 72]. The proposed mechanism of steatorrhea is linked
to hyperphagia resulting in increased fat ingestion causing increased fat
excretion. The coefficient of fat absorption (g fat intake – g fecal loss/g
fat intake × 100) or COFA does not rise in parallel to the increased
intake leading to steatorrhea [72]. However, the validity of this con-
cept was not reproduced in another study [71]. Additional mechanisms
postulated are bile acid malabsorption [73] and lactose malabsorption
[74].

Diarrhea due to increased intestinal secretion is described in T3
hyperthyroidism [75]. This responds well to treatment of thyrotoxicosis
and is thought to be mediated through increased intestinal cAMP signal-
ing. Thyroid disease may be associated with ulcerative colitis (UC) or
celiac disease (CD) [76]. Common haplotypes and autoimmunity may
explain this association. Iodine deficiency and consequent goiter have
been described in patients with UC [77]. Prevalence of hyperthyroidism
in UC is reported at 3.8% compared to 0.8% in the general population
[77]. Presence of thyrotoxicosis makes the management of UC difficult
due to malabsorption of therapeutic anti-inflammatory drugs as a result
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of fast intestinal transit [78]. Based on prospective follow-up, the preva-
lence of thyroid abnormalities has been described in 14% of patients
with CD [79]. Patients with both diseases usually present at a later age,
with thyroid dysfunction presenting first in 70% of cases [79]. Lack of
response of CD to gluten-free diet and an associated high MCV raise
suspicion of concomitant thyroid disease.

Diarrhea in Hypothyroidism
Constipation is a more frequent symptom in hypothyroidism. However,
diarrhea is rarely reported. The mechanism of diarrhea has been pos-
tulated to be secondary to bacterial overgrowth as a result of reduced
gastrointestinal motility with consequent stasis [80].

Treatment of Thyroid Gland-Related Diarrhea
As for diabetic diarrhea, the maintenance of fluid/electrolyte and nutri-
tional status takes the priority in management. Adequate control of
thyroid status should be assured. Specific treatment for diarrhea can
be accomplished by two means. Propylthiouracil and carbimazole have
been shown to improve orocecal transit and improvement in diarrhea
with attainment of euthyroid status [70, 81]. However, antithyroid drugs
take a few weeks for their efficacy. In this respect, beta blockers are use-
ful especially for severe diarrhea requiring faster relief. Beta blockers
act by blocking the beta adrenergic receptors and in turn decreasing
the intestinal secretions secondary to inhibition of enterocyte cAMP
levels [82]. This is a class effect with all beta blockers having equal
efficacy. Specific treatment must also take into consideration other rare
mechanisms such as bile acid malabsorption, celiac disease, and lym-
phocytic colitis. Broad-spectrum antibiotics are useful for patients with
hypothyroidism provided bacterial overgrowth is demonstrated.

DIARRHEA RELATED TO ADRENAL GLAND

Addison’s Disease
This disease with its clinical syndrome was described by Thomas
Addison in 1855 [83]. Deficiency of cortisol and aldosterone, the
hormones secreted from the adrenal gland, could be due to the dis-
eases of the adrenal gland itself (primary adrenal insufficiency or
Addison’s disease) or secondary to pituitary disease (secondary adrenal
insufficiency). The most common cause of the primary disease is
autoimmune destruction of the gland. Clinical features are non-specific
with tiredness, weakness, and dizziness occurring in almost all the cases



Chapter 21 / Diarrhea Related to Non-neoplastic Endocrine Diseases 371

[84]. Pigmentation of the knuckles and skin is a classic sign but is seen
in less than 10% of cases [85, 86]. GI symptoms occur frequently and
are reported in 56% cases of Addison’s disease. Rarely, they may be
the presenting manifestations [84]. Although gastrointestinal symptoms
usually consist of nausea, vomiting, and anorexia, diarrhea has been
reported to occur in about 20% of cases [87, 88].

The mechanism of diarrhea with Addison’s disease (AD) is
not clearly known. Most patients have chronic secretory diarrhea.
Steatorrhea with fat malabsorption is described and responds to cor-
ticosteroid replacement [89]. Associated CD is described in 8–12% of
patients with AD [90–92]. Although presence of common HLA-DR3
and HLA-DQ2 with the two diseases explains this association, other
environmental and genetic factors also play a role [93]. CD can antedate
the diagnosis of AD in 50% of cases [91–93]. AD occurs as a compo-
nent of autoimmune polyglandular syndrome (APS) in about 50% of
cases (see below) [91].

It is recommended that all patients with AD be screened for associ-
ated CD [94]. Symptoms of CD are usually non-specific or very subtle
[91]. The suspicion is increased in the presence of chronic diarrhea,
inability to adequately control AD with corticosteroid replacement due
to poor absorption of steroids, and presence of other endocrine prob-
lems [91]. Treatment of Addison’s disease is with replacement of the
deficient hormones. Definite treatment depends on characterization of
the cause, i.e., whether this is primary or secondary to pituitary dis-
ease. It must be remembered that occurrence of significant abdominal
pain and/or intractable vomiting during the clinical course of these
patients usually signifies the onset of acute Addison’s crisis and should
be recognized and treated appropriately to avoid a bad outcome.

Diarrhea Related to Autoimmune Polyglandular Syndromes
About half of patients with AD have other concomitant diseases such
as diseases of thyroid gland, diabetes mellitus, or pernicious anemia
[84]. The term polyendocrine syndrome is a misnomer as many of these
patients have non-endocrine disorders (Table 21.6).

AUTOIMMUNE POLYENDOCRINE SYNDROME (APS) TYPE I
It is clinically recognized by a triad of muco-cutaneous candidiasis,
autoimmune hypoparathyroidism, and AD (Table 21.6). This syndrome
is due to mutation of autoimmune regulator (AIRE) gene located on
short arm of chromosome 21. The disease manifests during infancy and
the prevalence increases with age. Diarrhea in these patients is related
to fat malabsorption; mechanism(s) of which are not clearly known.
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Table 21.6
Autoimmune polyendocrine syndromes

Feature
Autoimmune polyendocrine
syndrome type 1

Autoimmune polyendocrine
syndrome type 2

Inheritance Monogenic (AIRE gene on
chromosome 21)

Polygenic (HLA-DR3 and
HLA-DR-4 associations)

Prevalence Rare Common
Age Infancy 20–60 years
Gender

predominance
Either Females

Immune
deficiency

Susceptibility to
candidiasis due to
absence of spleen

No immune deficiency

Endocrine
diseases

Addison’s disease
Hypoparathyroidism

Type 1 diabetes mellitus

Addison’s disease
Autoimmune thyroid

disease
Type 1 diabetes mellitus

Other diseases Muco-cutaneous
candidiasis

Pernicious anemia
Myopathy

Celiac disease

Vitiligo
Primary hypogonadism
Myasthenia gravis

Modified with permission from Eisenbarth and Gottlieb. N Engl J Med 2004; 352:
2069.

Postulated mechanisms are severe superimposed Giardia infection,
pancreatic insufficiency, and lymphangiectasia [95]. Malabsorption sec-
ondary to cholecystokinin deficiency due to absence of cholecystokinin
producing cells in the small intestine has been documented [96].
Diagnosis is clinical and confirmation is with demonstration of anti-
interferon antibodies. Treatment of diarrhea is symptomatic and specific
treatment depends upon identification of a defined mechanism. Low
fat diet and medium chain triglyceride supplementation in the diet are
useful for patients deficient in cholecystokinin [96].

AUTOIMMUNE POLYGLANDULAR SYNDROME TYPE II
The more common of the two polyglandular syndromes, APS type II,
occurs during adulthood with a female preponderance. The syndrome
is clinically characterized by the presence of two or more diseases: AD,
autoimmune thyroid disease, T1DM, CD, primary hypogonadism, or
myasthenia gravis. Diarrhea may be secondary to associated Addison’s
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or celiac disease, but no specific cause has been identified in some
patients with diarrhea in this disease [95]. Diagnosis is clinical and
treatment is symptomatic and specifically tailored to the clinical com-
ponents of the syndrome. Family members of patients with both types
of polyendocrine disorders should be screened for the common dis-
eases associated with these disorders. It has been proposed that the
late President John F. Kennedy suffered from APS type II perhaps with
concomitant celiac disease [97].

DIARRHEA RELATED TO IMMUNE DYSFUNCTION,
POLYENDOCRINOPATHY, ENTEROPATHY, X-LINKED

SYNDROME (IPEX)

This disease was first reported in 1982 with description of severe
secretory diarrhea and immune deficiency in 19 male children. Most
of these patients developed severe diarrhea in infancy with fatal out-
come in most by school age [98]. Diarrhea is usually secondary to
severe enteropathy resulting from enteral infections due to underlying
immune deficiency. In addition, patients have multiple other disor-
ders such as hypothyroidism, thrombocytopenia, hemolytic anemia,
eczema or atopy, and lymphadenopathy [98]. The disorder is rare and
is due to X-linked inheritance of mutated FOXP3 gene which encodes
a protein named “scurfin.” The scurfin protein is a transcription fac-
tor and is needed for the development of regulatory CD4+CD25+
T cells (regulatory T cells) which are necessary for maintenance of
tolerance to self-tissue [99]. Recognition is important as untreated
disease is fatal. Bone marrow transplantation may potentially reverse
the disorder and should be considered [100]. Immune suppression is
another option. Calcineurin inhibitors (cyclosporine or tacrolimus) have
strong immune-suppressive action, but are limited by their potential for
nephrotoxicity, especially in small children. Sirolimus, another immune
suppressant, overcomes this limitation. Its successful use is reported
in three children with IPEX. Sirolimus was used for 5 years in com-
bination with methotrexate in one child and for over 15 months in
combination with azathioprine in the other two children. The disease
was well controlled with maintenance of remission in all these three
children with IPEX [101].
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Summary

Diarrhea related to alcohol abuse may be either acute or chronic.
Acute diarrheas are the result of dietary indiscretion, transient
anatomic or motility changes of the stomach or small intestine,
impaired nutrient absorption, mucosal barrier function or pancre-
atic secretion as well as hormonal/cytokine abnormalities related
to alcohol hangover. Chronic diarrheas may result from alcohol
withdrawal, pancreatic or hepatobiliary dysfunction, morphologic or
motility changes of the gastrointestinal tract, or macro- or micronu-
trient malabsorption with resulting deficiencies. Treatment of acute
alcohol-related diarrhea includes ceasing alcohol ingestion, avoiding
milk products, rehydration, and replacement of micronutrients, and
use of antidiarrheals and NSAIDS. In addition to the above, treatment
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of chronic alcohol-related diarrheas includes assessing and treating
for alcohol withdrawal, nutritional deficiencies, pancreatic or hepa-
tobiliary dysfunction, as well as diagnosing and treating small bowel
bacterial overgrowth.

Key Words: Alcohol, Ethanol, Diarrhea, Intestinal permeability, Endotoxin,
Pancreatic insufficiency, Bile salt, Malabsorption, Bacterial overgrowth,
Steatorrhea

INTRODUCTION

Alcohol intake leads to both transient and enduring effects on the
human body. As the portal of entry into the body, the gastrointesti-
nal system is particularly susceptible to the direct, hypertonic effects
of alcohol [1]. The effects of alcohol ingestion vary depending on the
nutritional status, gender, race, as well as the type and strength of
alcoholic beverage.

CLASSIFICATION

Both acute and chronic ingestion of alcohol can lead to diarrhea. Acute
alcohol-related diarrhea can be due to concurrent dietary indiscretion,

Transient 
lactose 

intolerance

FOLLOWING  ACUTE 
INGESTION

Alcohol hangover 
or Veisalgia

FOLLOWING CHRONIC INGESTION 
(ALCOHOLISM)  

Alcohol induced 
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Exocrine pancreatic 
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Fig. 22.1. Classification of alcohol-related diarrhea.
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the noxious effect of alcohol on the gastrointestinal tract, or alcohol
hangover (veisalgia). Alcohol hangover may occur after a single bout
of drinking; alcohol withdrawal occurs usually after multiple, repeated
bouts. Both can be associated with diarrhea [2]. The diarrhea of chronic
alcoholism may be from alcohol withdrawal, alcohol-related organ dys-
function, nutrient deficiencies, endotoxemia, or a combination of the
above (Fig. 22.1). In this chapter, we discuss the effects of alcohol on
the gut, the clinical features, and treatment of alcoholic diarrhea.

ABSORPTION AND METABOLISM OF ALCOHOL
IN THE GUT

Due to its inherent nature, alcohol can freely diffuse across intact mem-
branes in the gastrointestinal tract and is distributed throughout various
organs in proportion to their water content [3, 4]. Ethanol absorption is
incumbent on the concentration gradient between the intestinal lumen
and the mucosal capillaries, the local blood flow, and the mucosal per-
meability. Ethanol undergoes first-pass metabolism in the stomach and
the upper small intestine [4]. In the colon, alcohol is transported from
the mucosal capillaries back into the lumen where bacterial alcohol
dehydrogenase converts ethanol into acetaldehyde. The concentration
of acetaldehyde increases intraluminally, leading to mucosal damage,
increased permeability to bacterial endotoxin with possible hepatic,
pancreatic, and gastrointestinal neuromuscular injury after absorption
by the portal venous system [5]. This is termed the “bacteriocolonic”
pathway of ethanol oxidation [5–8]. Non-oxidative metabolism of alco-
hol with accumulation of toxic fatty acid ethyl esters in the pancreas,
liver, heart, and adipose tissue has also been described [9].

ETIOPATHOGENESIS OF DIARRHEA

Acute and chronic alcohol intake affects the motility, morphology,
barrier function, and gut microflora and interferes with the digestion,
transport, and absorption of macro- and micronutrients in addition to
decreasing the availability of bile acids and pancreatic enzymes [10–14]
(Tables 22.1 and 22.2).

CLINICAL PRESENTATION

The most common intestinal disorders observed among alcoholics are
diarrhea and malabsorption, which reverse with the cessation of alcohol
and return to a normal diet within days to weeks (Table 22.1). Binge
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Table 22.1
Pathophysiology of acute alcohol-induced diarrhea

• Dietary indiscretion: From concomitant use of fructose/sorbitol-containing
foods, milk/dairy products or gluten intake in susceptible populations

• Transient morphologic changes
Stomach: Erosions, petechiae, easy friability [18] which usually reverse

with 72-h abstinence [12]
Small intestine: Erosions due to epithelial denudation on the tips of villi,

acute inflammation, and hemorrhage into the lamina propria [17–50] with
increased risk of upper gastrointestinal bleeding [51]

• Gut motility
Gastric emptying: Depends on the dose, concentration, and type of

alcoholic beverage ingested [52]
Lower concentrations (6% [53] or 10% [54]): No effect [55] or

acceleration of emptying [54], likely due to tonic contraction of circular
smooth muscle in gastric body and fundus [10]

Red wine, irrespective of concentration, does not affect emptying [56]
Beer (7% v/v) and white wine (7.5% v/v) accelerate gastric emptying in

comparison to ethanol (7.5% v/v) [52]
Higher concentrations (50–100%): Delayed emptying [57, 58] from

increased tonic contraction of antral smooth muscle [59]
Small intestinal motility: Intensifies duodenal [54, 60] and phase III ileal

motor activity, decreases phase I jejunal activity [60], and delays the onset
but prolongs the duration of interdigestive cycle [61]; shortens orocecal
transit time (OCT) as measured by hydrogen-breath testing with beer
(7.0% v/v) and white wine (7.5% v/v) but not ethanol (7.5% v/v) [52]

Effects more pronounced with intraluminal compared to intravenous
administration [61]

• Nutrient absorption
– Impairs activity of the membrane Na+–K+-ATPase (sodium pump) in

intestinal epithelial cells
– Increases cAMP and decreases cGMP levels, collectively leading to

active secretion of water and sodium intraluminally [62], especially with
higher concentrations [63, 64]

– Impairment of active intestinal transport of monosaccharides, fatty acids,
monoglycerides [65], and L-amino acid residues [18, 62]

– Lactose intolerance from decrease in intestinal mucosal glycolytic
enzyme activity [46] and brush border lactase [66], which reverses with
less than 10 days of abstinence. Effect is more pronounced in African
Americans probably due to lower baseline enzyme levels [36]

– Impairment of thiamine absorption by a third [67]
– Folate deficiency [30]
– Unchanged absorption of most other vitamins and minerals due to intact

jejunal absorptive capacity [52]
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Table 22.1
(continued)

• Increased mucosal permeability to macro- and micromolecules [8, 68] from
destabilization of intracellular tight junctions [69]; transient endotoxemia
leading to hepatic damage [7, 68]

• Pancreatic secretion
– Stimulation of exocrine pancreatic secretion with simultaneous spasm of

sphincter of Oddi and retention of pancreatic juices [70–72]
– Increase in pancreatic protein concentration and decrease in bicarbonate

secretion [73]
• Alcohol hangover/veisalgia

• Hormonal alterations and dysregulated cytokine synthesis (excess
prostaglandin E2 and thromboxane) [19]

• Increased antidiuretic hormone, aldosterone, cortisol levels (autonomic
hyperactivity) [20]

Table 22.2
Pathophysiology of chronic alcohol-induced diarrhea

Alcohol withdrawal: Central nervous system hyperexcitability due to
interaction between inhibitory GABA and excitatory NMDA receptor
activity [74]

Associated with alcohol-related organ dysfunction
• Exocrine pancreatic insufficiency with or without chronic pancreatitis [75]

(seen in 3–15% of heavy drinkers) [73, 76]
– Exocrine secretion of lipase falls earlier compared to protease and

amylase [77]
• Bile salt malabsorption and deficiency

– Bile acid malabsorption from interrupted enterohepatic circulation [15]
with bile acid diarrhea and eventual depletion of the bile acid pool [29];
bacterial overgrowth compounds bile acid diarrhea by disproportionately
increasing toxic unconjugated bile acids [78]

– Deficient synthesis of bile salts, especially in cirrhotics [40, 79]
• Gastrointestinal tract

– Morphologic changes:
Small intestine: Less evident macroscopic changes. Microscopic changes

include shortening of villous height with decrease in absorptive
mucosal surface area, monocytic infiltration, and goblet cell
hyperplasia [11, 80]

Eventual decrease in turnover of intestinal epithelium and crypt cells,
with eventual villous atrophy [81]
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Table 22.2
(continued)

Rectum: Dense mononuclear infiltration, decrease in goblet cell density,
distortion of mitochondria and endoplasmic reticulum (on electron
microscopy), usually reversible on abstinence [49]

– Gut motility: Altered due to change in the composition of smooth muscle
contractile proteins through free radical formation, a direct toxic effect,
or from the action of its metabolite, acetaldehyde [13, 14]
Gastric emptying: Delayed compared to controls [26, 82]
Small intestine transit: Shortening of orocecal transit (OCT) stronger

phasic, propulsive contractions in individuals with diarrhea [26, 83];
prolonged OCT in those without diarrhea compared to healthy controls
[26, 84, 85] due to dysfunctional activity of gut contractile proteins
and vagus [84]; disruption in neuroendocrine homeostasis [84]

Colonic transit: Dose-dependent [86] decrease in rectosigmoid transit
which reverses with 10 days of abstinence [22]

– Small bowel bacterial overgrowth in the upper small intestine
– Interference in nutrient absorption [6, 87]
– Bile acid deconjugation [11, 88]
– Increased acetaldehyde production and gram-negative endotoxemia

with hepatic injury [11, 65]
– Increased mucosal permeability and endotoxemia [7, 68]

Macro- and micronutrient deficiencies
– Impairment of absorption of water, electrolytes and nutrients depending

on jejunoileal absorptive capacity [89]
– Decrease in D-xylose absorption depending on nutritional status and

mean daily alcohol intake [62]
– No alteration in glucose and amino acid absorption [18, 62]
– Decrease in mucosal peptide hydrolysis and increase in fecal nitrogen

[62] in a reversible, dose-dependent manner [90]
– Steatorrhea in individuals with and without overt exocrine pancreatic

insufficiency or liver disease [62, 91]
– Pyridoxine [92], folate [30], niacin [93], and ascorbic acid [94, 95]

deficiencies
– Decrease in ileal absorption of vitamin B12; uncommon clinical

deficiency [30, 96]
– Thiamine [67] and fat-soluble vitamin deficiencies depending on

nutritional status, liver, and pancreatic disease [65]
– Hypomagnesemia, hypokalemia, and hypophosphatemia in heavy

drinkers from excess urinary losses, vomiting, diarrhea, and endocrine
imbalance [47, 62]

– Zinc [97, 98] and selenium [36] deficiency
– Iron overload [54]



Chapter 22 / Alcohol-Related Diarrhea 385

drinking often leads to short-lasting diarrhea with electrolyte abnor-
malities and hypovolemia. Hyperosmolarity of fluids or the nature of
food co-ingested with alcohol [15], the inhibition of mucosal Na+–
K+-ATPase activity, and structural damage to intestinal epithelium
and microvasculature from release of inflammatory mediators [16–18]
play a role in its etiopathogenesis. Patients with alcohol hangover or
veisalgia (from the Norwegian kveis or “uneasiness following debauch-
ery” and the Greek algia or “pain”) suffer from fatigue, insomnia,
diarrhea, headaches, dry mouth, malaise, and nausea in addition to auto-
nomic hyperactivity (tremor, sweating, tachycardia, and hypertension)
[2, 19]. Diarrhea is seen in 36% of patients with alcohol hangover
and is the third most common presenting symptom after headache
and malaise [19]. The symptoms of hangover seem to be caused by
dehydration leading to elevated levels of antidiuretic hormone, dys-
regulated cytokine pathways, as well as the toxic effects of alcohol.
Increased cardiac work and generalized slowing of cerebral activity on
electroencephalography are often seen [20].

Toxic alcohol-induced diarrhea due to acute ingestions of iso-
propanol and diethylene glycol, either accidental or suicidal in nature,
commonly present with abdominal pain, diarrhea, nausea, vomiting,
and a change in mentation [21]. Although not the topic of this
chapter, clinicians should suspect toxic alcohol ingestion in extremely
ill alcoholics.

In contrast, chronic alcoholics may have diarrhea that continues for
days to weeks after abstinence from alcohol withdrawal, organ dys-
function, and nutritional deficiencies. Alcohol withdrawal syndrome
(AWS), unlike hangover, has a longer period of overall impairment
(days vs. hours) [2]. AWS manifests in patients with a recent reduc-
tion or cessation in alcohol use in the setting of chronic or heavy intake
with anxiety, palpitations, nausea or vomiting, diaphoresis, tremor,
delirium, seizures, and rapid colonic transit manifesting as diarrhea
[22]. Dehydration is often seen in this setting consequent to vomit-
ing, diarrhea, fever, or sweating [23, 24]. In addition, alcohol-induced
organ dysfunction with long-standing changes in intestinal histology
and increased mucosal permeability [8,10], bacterial overgrowth [25],
rapid intestinal transit from heightened propulsive contractions [26],
impaired mucosal surface enzyme activity such as disaccharidase [27],
as well as impaired bile and pancreatic enzyme secretion can con-
tribute to diarrhea in chronic alcoholics [28, 29]. Chronic alcoholics
often are deficient in thiamine, B12, and folate [30, 31], especially when
accompanied by liver disease and malnutrition. In developed countries,
chronic alcoholism is one of the most common causes of pellagra (der-
matitis, diarrhea, dementia, and death) from niacin deficiency [32] and
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scurvy from vitamin C deficiency [33, 34] among adults. Scurvy may
present with diarrhea in addition to the classic features of purpuric
lesions, joint pains, and bleeding gums [35].

TREATMENT

Acute Alcohol-Related Diarrhea
The most important therapy for alcohol-induced diarrhea is avoidance
of alcohol (Fig. 22.2). All patients should be rehydrated and antidiar-
rheals such as loperamide may be used for symptom relief once active
infection has been ruled out. In African Americans with suspected acute
alcohol-induced diarrhea, empiric avoidance of milk and milk prod-
ucts may alleviate diarrhea [36]. For symptoms associated with alcohol
hangover, tolfenamic acid, a prostaglandin inhibitor; Liv.52, an Indian
herbal medicine; and chlormethiazole, a sedative, have shown promise
in improving the overall symptomatology [20].

Chronic Alcohol-Related Diarrhea
Diarrhea and malabsorption from chronic alcohol intake usually resolve
with abstinence. In patients with AWS, intravenous fluids are indicated.
If dextrose-containing fluids are used, thiamine must be administered

FOLLOWING  ACUTE  INGESTION

Evaluate and treat alcohol 
hangover with   

- NSAIDs
- Tolfenamic acid
- Liv  52 
- Chlormethiazole

Yes 

FOLLOWING  CHRONIC  INGESTION 
(ALCOHOLISM)

1. Rehydrate with IV or oral glucose solution and replenish thiamine  
2. Avoid alcohol consumption
3. Avoid milk and milk products
4. Evaluate and monitor alcohol withdrawal 

Evaluate for Alcohol 
induced organ 

dysfunction

Hepatobiliary disease 
Bile acid deficiency, especially in cirrhotics (osmotic diarrhea and steatorrhea): 
1. Empiric trial of ursodeoxycholic acid
2. Low fat diet with medium chain triglycerides in steatorrhea 94

3. Consider diagnosis with cholyl-14C- glycine breath test, if available 75

Bile acid malabsorption (secretory diarrhea): 41

1. Empiric trial of cholestyramine or cholylsarcosine if bile acid diarrhea 95

2. Low fat diet with medium chain triglycerides  in steatorrhea

Cirrhosis: 24 

1. Trial of withdrawal of lactulose, diuretics, neomycin
2. Evaluate and treat  malnutrition 
3. Consider empiric treatment for bacterial overgrowth and bile acid deficiency 

Small bowel bacterial overgrowth

1. Diagnose with H2 and 14C  breath tests, 
duodenal  aspirate  culture or  Schilling test

2. Empiric antibiotic therapy 

Pancreatic insufficiency with or without chronic pancreatitis
1. Trial of pancreatic enzymes 
2. Test exocrine pancreatic function: secretin  stimulation,  
cholecystokinin-pancreozymin tests, fecal elastase and       
chymotrypsinogen, bentiromide test 93 (insensitive in cirrhosis) 

3. Imaging: CT abdomen, MRCP, ERCP
4. Evaluate for steatorrhea: 72 hour fecal fat quantitation 

1. Assess nutritional status 
2. Replace water soluble   

vitamins and electrolytes 
3. Measure and/or replace  

serum zinc and  selenium

DIARRHEA  RELATED TO ALCOHOL INGESTION

1. Avoid alcohol consumption
2. Rehydrate as needed
3. IV Thiamine, pyridoxine and folate 
4. Rule out infectious causes
5. Symptom relief with loperamide 
6. Avoid milk and milk products

1. Assess for withdrawal  
2. Treat with benzodiazepines, 

and transdermal clonidine 
3. Avoid acamprosate if  

diarrhea is severe 

No 

RESOLUTION  in 24-72 hours 

Fig. 22.2. Evaluation and treatment of patients with diarrhea in the setting of
alcohol abuse.
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to avoid acute Wernicke’s encephalopathy. Benzodiazepines are the
mainstay of treatment of AWS due to cross-tolerance with alcohol by
virtue of their GABA stimulant activity [37]. In recent years, transder-
mal clonidine has been shown to decrease the severity of diarrhea to a
greater degree in comparison to benzodiazepines [38]. However, acam-
prosate or calcium bisacetylhomotaurinate used in the management of
alcohol withdrawal or abstinence can induce or worsen diarrhea [39].

Workup for steatorrhea and supplementation with pancreatic
enzymes even without overt pancreatic or liver disease may be
warranted [28, 40]. Alcoholics, especially cirrhotics, tend to have
deficient synthesis of bile acids with decreased total bile acid pool
and may present with mild steatorrhea. This is ideally treated with
supplementation with ursodeoxycholic acid [41]. On the other hand,
intestinal mucosal damage and bacterial overgrowth collectively lead
to decreased absorption of bile salts from the ileum (bile salt
malabsorption) and can cause watery diarrhea from the secretory
effects of bile salts on the colon (bile acid diarrhea) and if severe,
steatorrhea [42]. Such watery diarrhea generally responds well to bile
acid binders such as cholestyramine [43]. If steatorrhea is prominent in
either of these conditions, the use of medium chain triglycerides is uni-
formly beneficial in improving nutrition; this does not alter the course
of the disease [40]. Administration of antibiotics such as ciprofloxacin
[44] and polymyxin B/neomycin [45] can reduce gut aerobic flora,
intracolonic acetaldehyde formation, and endotoxemia. Intestinal per-
meability maybe preserved by administration of L-glutamine, oats, or
zinc which decrease the transfer of endotoxin to the circulation [5].

Folate deficiency is the most common hypovitaminosis in both acute
and chronic alcoholics [30]. Replenishment of folate may reverse
ethanol-induced inhibition of mucosal brush border enzymes and
increased intestinal permeability [46], sometimes despite continued
alcohol intake [47]. Replenishment of large doses of niacin (50–150 mg
daily) and modest doses of oral vitamin C (66.5 mg) often can lead to
dramatic improvement in the symptoms of pellagra [32] and scurvy,
respectively [48]. With continued abstinence, nutritional support, and
vitamin replenishment, most cases of diarrhea resolve [49].
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Summary

Drug-induced diarrhea (DID) is common, but our understanding of
the underlying mechanisms may vary from solid understanding to
reasonable hypothesis to considerable conjecture. Drug-induced diar-
rhea is rarely an allergy, i.e., with an underlying immune mechanism,
but may well be an inherent component of the pharmacologic effect
of the drug, may be due to variable pharmacogenomics or be an
appropriate physiologic response to the drug. Frequently, discus-
sions of DID become lists. However, by classifying chronic diarrhea
as watery, fatty, or inflammatory, one can create a framework to
better understand the mechanisms of the diarrhea. In this chapter,
we examine diet, laxatives, neuromodulators, diabetes medications,
chemotherapy, antibiotics, HIV medications, non-steroidals, and GI
medications with an emphasis on clinical relevance and underlying
mechanisms in causing diarrhea.

Key Words: Drugs, Antibiotics, Laxatives, Osmotic diarrhea, Secretory
diarrhea, Complex diarrheas, Chemotherapy, NSAIDs, Caffeine, Sorbitol,
Fructose, Hormones

INTRODUCTION

More than 700 drugs have been implicated as causing diarrhea,
accounting for approximately 7% of all drug adverse effects [1].
However, the mechanism of action by which certain drugs contribute
to this adverse effect is not well known. Drug-induced diarrhea is fre-
quently suspected in patients who develop it soon after starting a new
medication, although there is usually only circumstantial evidence to
support the link. The medication is usually stopped, and when the diar-
rhea resolves, the side effect will be attributed to that medication. The
basic mechanisms are rarely investigated in these cases. Therefore, our
understanding of specific drug-induced diarrheas may vary from solid
understanding, to reasonable hypothesis, to considerable conjecture.
Thus, in an era of evidence-based medicine, high-quality information
on drug-induced diarrhea is often lacking.

For older drugs that have not undergone rigorous, randomized tri-
als, there rarely are well-designed studies that quantify and characterize
the association between a specific agent and diarrhea. The informa-
tion for these drugs is derived, at best, from cohort or case–control
studies. For newer drugs that have undergone clinical trials, the assess-
ment of adverse events permits a reasonable opportunity to characterize
the frequency of drug-associated diarrhea. However, even with clini-
cal trials, there may be a considerable variability in the incidence of
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an adverse event such as diarrhea. This variability may depend on the
different underlying disease studied, the definition of the adverse event,
and the type of clinical trial. For example, most randomized clinical
trials (RCTs) are short in duration, thus potentially altering an adverse
effect in reference to the time a patient is exposed to the drug, com-
pared to long-term follow-up observational studies. Also, diarrhea as
an adverse event is rarely defined clearly. Thus, a minimal change in
consistency and a significant increase in stool volume would both be
labeled “diarrhea.”

We will first consider the pathophysiology of drug-induced diarrhea
in general and then review specific drugs by overall class of medication.

MECHANISMS OF DRUG-INDUCED DIARRHEA

Why some individuals develop drug-induced diarrhea and others do not
is far from clear. Although an adverse event like diarrhea is frequently
termed a “drug allergy,” in fact, an underlying immune mechanism is
rarely the case. In instances when diarrhea is an extremely frequent
outcome, it may well be that the intestinal response is an inherent part
of the pharmacologic effect of the drug. Diarrhea as an uncommon
side effect may be due to variable pharmacogenomics. In other cases,
diarrhea may be an appropriate physiologic response to the drug. On
occasion, the drug may cause direct tissue injury. Finally, the proba-
bility of an individual’s complaint of diarrhea may depend, in part, on
baseline bowel habits.

Evidence of the mechanisms underlying the diarrhea elicited by a
specific drug may be elusive and serendipitous. For example, theo-
phylline has been a standard for eliciting intestinal secretion in basic
physiology. Thus the effects of xanthine oxidase inhibitors are well
understood. Similarly, as molecularly designed agents move from the
bench to the bedside, there may be considerable understanding of the
underlying mechanism. However, for many drugs, the purported mech-
anisms are based on small fragmentary studies or simple speculation.
Table 23.1 lists drugs that cause diarrhea according to the frequency
with which they produce this adverse effect.

In evaluating a case of suspected drug-induced diarrhea, the stool
characteristics can provide some clues as to possible underlying mech-
anisms and potential diagnostic evaluations and therapeutic maneuvers.
Diarrhea can be broadly categorized based on the following stool char-
acteristics: (1) watery, a category that includes changes in ion transport,
shortened transit time, or increased motility; (2) inflammatory; and
(3) fatty. This review will examine the mechanism of drug-induced
diarrhea within these broad classifications.
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Table 23.1
Drugs known to cause diarrhea

Drugs that cause diarrhea in ≥20% of patients
Alpha-glucosidase inhibitors
Biguanides
Auronafin (gold salt)
Colchicine
Diacerein
Highly active antiretroviral therapy
Prostaglandins
Tyrosine kinase inhibitors

Drugs that cause diarrhea in ≥10% of patients
Antibiotics
Chemotherapeutic agents
Cholinergic drugs
Cisapride (off the market)
Digoxin
Immunosuppressive agents
Metoclopramide
Orlistat (lipase inhibitor)
Osmotic laxatives
Poorly or non-absorbable carbohydrates
Selective serotonin reuptake inhibitors
Ticlopidine

Drugs that occasionally cause diarrhea
5-Aminosalicylates (especially olsalazine)
Acetylcholinesterase inhibitors
Anticholinergics
Caffeine
Calcitonin
Carbamazepine
Chenodeoxycholic acid
Cholestyramine
Cholinesterase inhibitors
Cimetidine
Ferrous sulfate preparations (rare)
Flavanoid-related veinotonic agents
HMG-CoA reductase inhibitors
Irinotecan
Isotretinoin
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Table 23.1
(continued)

L-Dopa-benserazide
Magnesium antacids
Methyldopa
Motilin agonists
Non-steroidal anti-inflammatory drugs
Octreotide
Penicillamine
Prebiotics
Proton pump inhibitors
Tacrine
Tegaserod (off the market)
Theophylline
Thyroid hormones

WATERY DIARRHEA

Watery diarrheas have been classified as either secretory or osmotic to
explain underlying pathophysiology. However, the clinical utility of this
classification has not been rigorously tested.

Osmotic diarrhea
Osmotic diarrheas can occur from intentional use of a drug as part of
its inherent mechanism of action, or unintentionally. Poorly absorbed
solute traps fluid in the lumen, and these unabsorbable solutes account
for osmotic activity of stool water [2]. Once recognized, the treatment
of osmotic diarrhea is simple. Removal of the osmotic agent usually
resolves this adverse effect. Loperamide or tincture of opium can be
added, especially in the case of enteral nutrition. Dose reduction or dose
splitting can also help.

Secretory Diarrhea
Secretory diarrhea, on the other hand, produces voluminous stools that
persist despite fasting. Drug-induced secretory diarrhea results from
a medication either increasing the active secretion of ions into the
intestinal lumen or from decreasing the absorption of electrolytes and
nutrients from the gut lumen. The net result of either of these effects is
an increase in luminal volume. In secretory diarrhea, a minimal osmotic
gap is found. Specifically, drugs induce a secretory diarrhea by two
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main mechanisms: the inhibition of Na+ absorption and the stimula-
tion of Cl−/HCO−

3 secretion. These changes may occur through either
a direct effect on the transporter or changes in intracellular second
messengers that alter the function of the transporter.

The treatment of watery diarrhea includes discontinuation of the
offending medication. Maintaining hydration is important to prevent
dehydration from the amount of fluid loss. Loperamide, lomotil, and
bismuth subsalicylate can help relieve the diarrhea.

INFLAMMATORY DIARRHEA

Drug-induced inflammatory diarrheas fall into several broad categories.
Perhaps the most important is the disruption of colonic flora from
antibiotics and precipitation of Clostridium difficile colitis. Other mech-
anisms include the direct damage to the integrity of the mucosa that
occurs with NSAIDs and polyene antibiotics, stimulation of low-grade
inflammation causing microscopic colitis, disruption of the balance
between proliferation and apoptosis with a resulting compromise of
epithelial integrity seen with immunosuppressives and chemotherapeu-
tic agents, and vascular compromise as occurs with ergotamine and
cocaine.

Management of inflammatory diarrhea includes treatment of
intercurrent infections such as CMV, antibiotic-associated colitis,
dose reduction of the etiologic agent, or cautious use of empiric
therapy. Loperamide, diphenoxylate, deodorized tincture of opium,
and octreotide are effective for diarrhea from fluoropyridimoles [3].
Acetorphan, an enkephalinase inhibitor that blocks epithelial cyclic
AMP-mediated secretion, has shown moderate activity in clinical tri-
als in patients with irinotecan-induced diarrhea [4]. Budesonide and
octreotide have been used to slow intestinal motility and decrease water
and electrolyte movement through the bowel [5, 6].

FATTY DIARRHEA

Fatty diarrhea occurs in the clinical setting of weight loss and steator-
rhea. This is caused by either maldigestion or malabsorption. This is
probably the least common type of drug-induced diarrhea and the one
least well understood. Table 23.2 lists medications that can cause this
adverse effect. Highly active antiretroviral therapy has been known to
cause steatorrhea, although the mechanisms have not been elucidated
[7]. Treatment of drug-induced steatorrhea may require dose reduc-
tion or withdrawal of the drug. In some cases such as diarrhea due
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Table 23.2
Drugs inducing steatorrhea

Aminoglycosides
Auranofin
Biguanidesa

Cholestyramine
Colchicine
Highly active antiretroviral therapya

Laxatives
Methyldopa
Octreotide
Orlistat (lipase inhibitor)b

Polymyxin, bacitracin
Tetracyclines

a≥20% incidence of diarrhea.
b>10% incidence of diarrhea.

to metformin, continued symptoms may resolve with time even if the
drug is continued, as the gastrointestinal system adjusts to the drug.
Antidiarrheals such as loperamide and probiotics may help. In the case
of antiretroviral drugs, soluble fiber and L-glutamine have been found to
be helpful [8]. If prolonged, replacement of fat-soluble vitamins maybe
needed.

COMPLEX DIARRHEAS

As it is the case with other diarrheas, the pathophysiology underlying
drug-induced diarrheas is frequently multifactorial. The gastrointesti-
nal tract is regulated through the integration of paracrine, immune,
neural, and endocrine systems that coordinate changes in mucosal and
muscular function and adapt to changing conditions [2] (see Fig. 23.1).
These systems involve mechanisms that regulate mucosal permeabil-
ity, intestinal transport, and the motility and metabolism of the gut
[2]. Medications may influence this regulatory system through these
different pathways and contribute to diarrhea.

Clinically, if drug-induced diarrhea is suspected, the simplest
approach is to stop the suspected offending agent, switch to an alter-
native medication, and, if diarrhea persists, consider treating with an
antidiarrheal agent. Novel approaches for certain drug-associated diar-
rheas have been shown to be effective. In some cases, diarrhea may
resolve with continued use and for this reason for most examples of
drug-induced diarrhea, therapeutic trials are not relevant. Only where
there are no satisfactory alternatives, as is the case for some anticancer
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Fig. 23.1. “PINES” regulatory system in the intestine. The regulatory system
of the intestine integrates paracrine, immune, neural, and endocrine systems
and produces coordinated changes in mucosal and muscular function that
permit adaptive responses to changing conditions. The regulatory system
can widen or narrow the paracellular pathway that governs passive trans-
mucosal permeation of electrolytes, accelerate or retard the transepithelial
movement of nutrients and electrolytes by affecting membrane channels and
pumps, relax or contract the various muscle layers in the intestine, and
increase or decrease mucosal blood flow. Acting simultaneously, these mech-
anisms regulate mucosal permeability, intestinal transport, and the motility
and metabolism of the gut (from Sellin JH (1997) Small Intestine: Functional
anatomy, fluid and electrolyte absorption. In Feldman M, Schiller LR (eds)
Gastroenterology and Hepatology. The Comprehensive Visual Reference,
Vol. 7. Current Medicine, Philadelphia, p. 1.11).

therapies, is there sufficient impetus to understand the mechanisms of
drug-induced diarrhea. Therefore, it is understandable why in the field
of oncology there has been more significant and novel evidence in
drug-induced diarrhea.

DIET

Diet in general and specific foods are not generally thought of as drugs;
however, it is clear that they can have a profound effect on intestinal
function and therefore should be considered in the evaluation of any
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diarrhea. In this age of orthorexia, in which individuals may adopt pecu-
liar diets of all sorts, it is important to review this as a possible factor in
the etiology of diarrhea.

Although lactose has been historically considered the most com-
mon culprit in diet-induced diarrhea, it has been supplanted by other
dietary constituents. The most frequent offender is probably caffeine.
In our hypercaffeinated society, coffee is used as a “drug” by many,
causing “Starbucks R© diarrhea” through increased cyclic AMP produc-
tion thereby opening chloride channels and increasing fluid secretion.
Caffeine administration in amounts ordinarily contained in many bev-
erages and medications (75–300 mg) resulted in striking net secretion
in the jejunum and in the ileum [9]. It is important to remember that
younger individuals who may eschew coffee can consume considerable
amounts of caffeine in “energy” drinks such as Red BullTM.

A healthy diet with significant amounts of fruits, vegetables, and
fiber may cause a modest amount of diarrhea. As the Western diet has
evolved into more and more processed foods, there have been signif-
icant changes in our nutrient intake. It is estimated that the United
States consumes more high fructose corn syrup per capita than any other
country. Poorly absorbed fructose, found in fruit juices and carbonated
beverages, and non-absorbable sorbitol and mannitol, found in sugar-
free candies and gums, may not cause diarrhea until 24–48 h after
ingestion [10].

The prebiotics fructo-oligosaccharides and inulins, available in nutri-
tional supplements and in functional foods, have been used for the
treatment of antibiotic-induced diarrhea at dose ranges of 4–10 g/day
[11]. When given to healthy volunteers, doses higher than 30 g daily
of these prebiotics caused significant gastrointestinal discomfort (flat-
ulence, cramping, diarrhea) through fermentation in the colon and
production of an osmotic effect in the intestinal lumen [11, 12].
Splitting the dosage usually alleviates the symptoms.

Diagnosis of carbohydrate-induced diarrhea can usually be made by
checking fecal pH; a pH less than 6 is highly suggestive of carbohydrate
malabsorption.

Some formulas for enteral nutrition are hypertonic and may induce
osmotic diarrhea by a mechanism similar to dumping syndrome.
Changing to an isotonic formula or slowing the infusion rate usually
resolves the diarrhea [13].

Olestra is a lipid that possesses properties of conventional fats and
oils, but is neither digested nor absorbed. Olestra was approved by the
FDA in January 1996 for use in snacks such as potato chips and crack-
ers [14]. Although consumers complained of “diarrhea,” a randomized
control trial using higher than consumption doses showed no effect on
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stool frequency, but a modest stool softening effect measured by stool
viscosity in subjects consuming olestra compared to controls [14].

Orlistat, used as a prescription gastrointestinal lipase inhibitor
for weight loss, is now available over the counter as “alli” (2007,
GlaxoSmithKline, Pennsylvania) which contains half the prescription
dose. Those using this drug can have malabsorptive diarrhea if fat intake
is high. Of those taking orlistat, 60–80% experience steatorrhea in a
dose-related mechanism [15]. This resolves when fat intake is reduced
to 45 g/day [15].

LAXATIVES

It should go without saying that a common side effect of laxatives may
be diarrhea. However, with many patients consuming a polypharma-
cia, laxatives may often be overlooked when a patient presents with
diarrhea.

The most common medications associated with osmotic diar-
rhea are magnesium-containing salts and laxatives such as sodium
phosphates and long-chain polyethylene glycols (e.g., Miralax;
Schering-Plough, Kenilworth, NJ) used for treatment of constipation
and for pre-colonoscopy colon purging [3, 13]. Their cathartic action
results from poor absorption in the gastrointestinal tract, leading to
osmotically mediated water retention, stimulating peristalsis [13]. The
usual dose of magnesium salts produces 300–600 ml of stool within 6 h
[13]. Inadvertent ingestion of magnesium, with its consequent diarrhea,
may occur with antacids such as Mylanta and Maalox. Switching to
aluminum-containing antacids and/or antisecretory medications usually
results in rapid resolution of the diarrhea.

Sodium phosphate-containing medications cause osmotic diarrhea
due to the poorly absorbed phosphate. However, in contrast to
magnesium-containing compounds, analysis of stool electrolytes
reveals no osmotic gap because the bivalent anion binds two sodium
cations [16].

Used for constipation and for the treatment of hepatic encephalopa-
thy, lactulose is a synthetic non-absorbable disaccharide that causes
an osmotic diarrhea. Because disaccharides are unabsorbable and the
intestinal brush border does not possess “lactulase,” lactulose reliably
results in a dose-dependent diarrhea.

Lubiprostone was developed as a treatment for constipation, specifi-
cally because of its properties as a ClC2 channel opener; however, it
is still unclear what specific role the ClC2 channel has in intestinal
secretion.
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Used as an old home remedy, castor oil is hydrolyzed in the small
bowel by the action of lipases into glycerol and the active agent,
ricinoleic acid, which acts primarily in the colon to stimulate secre-
tion of fluid and electrolytes by increasing cyclic AMP and speeding
intestinal transit [17, 18].

Stimulant laxatives such as diphenylmethane derivatives and
anthraquinones induce a limited low-grade inflammation in the small
and large bowel to promote accumulation of water and electrolytes
and stimulate intestinal motility. This occurs through activation of
prostaglandin-cyclic AMP and NO-cyclic GMP pathways, platelet-
activating factor production, and, perhaps, inhibition of Na+, K+-
ATPase [13]. Anthraquinone laxatives are poorly absorbed in the small
bowel, are activated in the colon, produce giant migrating colonic con-
tractions, and promote water and electrolyte secretion. Other laxatives
or stool softeners such as docusate (dioctyl sodium sulfosuccinate), can
cause diarrhea when taken in large quantities, by stimulating fluid secre-
tion by the small and large intestine [19]. Clinicians should thus be
aware that surreptitious use of laxative may be the cause of diarrhea in
patients who present with this complaint. Table 23.3 lists a number of
commonly used laxatives.

Table 23.3
Stimulant laxatives

Anthraquinones
Diphenylmethane derivatives (bisacodyl)
Oxyphenisatin – withdrawn for hepatotoxicity
Phenolphthalein – withdrawn for carcinogenicity
Ricinoleic acid (castor oil)
Sodium picosulfate – available outside the USA
Sodium dioctyl sulfosuccinate (docusate)

CHOLINERGICS, SERITONERGICS, AND OTHER
NEUROMODULATORS

Drugs that modulate neurotransmission can have a profound effect
on smooth muscle function and motility. Cholinergic drugs such as
bethanecol, used for urinary retention and neurogenic bladder, have
broad muscarinic effects via cholinergic receptors in the smooth mus-
cle of the urinary bladder and the gastrointestinal tract [13, 20]. The
effect of acetylcholine on smooth muscle the gastrointestinal tract is
mediated by two types of G protein-coupled muscarinic receptors,
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M2 and M3 in [4]. The activation of the M3 receptor increases intra-
cellular Ca2+ mediated by the Gq–PLC–IP3 pathway [13, 21]. This
results in increased gastrointestinal and pancreatic secretions, as well
as increased peristalsis.

Acetylcholinesterase inhibitors, such as those used for Alzheimer’s
disease, allow acetylcholine to accumulate in the synaptic and neuro-
muscular junctions. These drugs enhance contractile effects producing
diarrhea in up to 14% of patients [1, 3]. RCTs comparing donepezil to
placebo for the treatment of Alzheimer’s disease revealed diarrhea inci-
dence of 15% with donepezil compared to 10% in placebo [22]. The
Cochrane review on the use of donepezil over 1000 patients revealed
that diarrhea occurred more frequently in donepezil-treated patients
(OR 2.78, 95% CI [2.10–3.69]) [23]. In another Cochrane review of
the three anticholinesterases used for Alzheimer’s dementia (donepezil,
galantamine, and rivastigmine), the odds ratio for diarrhea with the
use of anticholinesterases in comparison to placebo was 1.91 (95% CI
[1.59–2.30]) [24].

Although there is limited literature on nicotine and niacin on causing
diarrhea, there is ample anecdotal evidence of smoking-induced lax-
ation and smoking cessation is frequently associated with new-onset
constipation [25].

Neostigmine, used off-label for acute colonic pseudo-obstruction
(Ogilvie’s syndrome) and paralytic ileus, can also cause diarrhea
[13]. Irinotecan, a chemotherapeutic agent, can cause severe diar-
rhea from cholinergic-like syndrome through the inhibition of acetyl-
cholinesterase [3].

Tumor-driven excesses in serotonin are a recognized cause of diar-
rhea, e.g., carcinoid syndrome (see Chapter 15). Therefore, it is not
entirely surprising that selective serotonin reuptake inhibitors may be
associated with diarrhea. In a meta-analysis of 84 randomized con-
trolled trials of SSRIs, there was a 16% incidence of diarrhea [26].
SSRIs, especially paroxetine and sertraline, as well as carbamazepine,
have also been implicated in microscopic colitis [1, 27]. Not sur-
prisingly, anticholinergics were much more frequently associated with
constipation.

Prostaglandin analogues have several therapeutic uses, including
(1) ulcer prophylaxis, (2) pregnancy termination, and (3) control of pul-
monary arterial hypertension [28]. Prostaglandins have potent effects
on intestinal smooth muscle and fluid and electrolyte secretion; there-
fore, it is not surprising that diarrhea and abdominal discomfort are
common side effects. More comprehensive evidence is available for
misoprostol than other analogues, but diarrhea would not be an unex-
pected outcome for any prostaglandin. In clinical trials, an average
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of 13% of patients (range of 14–40%) receiving conventional doses
of misoprostol (400–800 μg daily) experienced diarrhea. This gener-
ally developed after 2 weeks and was often self-limited. About 2% of
patients stopped the medication because of persistent diarrhea [29].

GASTROENTEROLOGY MEDICATIONS

There are a number of medications used in GI diseases that are com-
monly associated with diarrhea. Mesalamine compounds used in the
treatment of ulcerative colitis may be associated with diarrhea, a partic-
ularly confounding side effect in patients with IBD. The most frequent
offender, olsalazine, causes diarrhea in 12–25% of patients through
the stimulation of bicarbonate and sodium chloride secretion in the
ileum [1, 30]. Similar azo compounds sulfasalazine and mesalazine
may also cause diarrhea, but less frequently. The mechanism is unclear,
but may involve a direct effect on anion transporters, rather than an
anti-inflammatory action [31].

Some drugs cause a secretory diarrhea by altering intracellular
signaling cascades, increasing cyclic AMP, cyclic GMP, or calcium.
Prostaglandin analogues can cause diarrhea through many pathways,
including altered permeability, motility, electrolyte transport, and by
affecting peptides that stimulate secretion [32]. Misoprostol specifically
stimulates epithelial Cl− secretion through cyclic AMP, resulting in
intraluminal fluid accumulation and diarrhea, which usually occurs
within the first 2 weeks of treatment [3].

A secretory type of diarrhea limited the clinical use of chenodeoxy-
cholic acid, a bile acid initially used to dissolve cholesterol gallstones.
Early studies showed that the mechanism of secretory diarrhea in chen-
odeoxycholic acid therapy was due to a rise in intracellular cyclic AMP
levels. However, recent in vitro studies using much lower doses of bile
acids suggest a mechanism involving activation of luminal K+ channels
and Cl− secretion mediated through increased intracellular Ca2+ levels
[33, 34]. Another dihydroxy bile acid, ursodiol causes diarrhea much
less frequently. Presumably this difference is due to the alternative con-
figuration of the hydroxyl groups compared to chenodeoxycholic acid.
However, there are some reports of ursodiol causing diarrhea. A meta-
analysis of ursodiol and its adverse effects revealed that diarrhea was
the single most frequent adverse drug event in patients treated for gall-
stone disease, with an incidence of 2–9% [35]. If and when ursodiol
is associated with diarrhea, there are two possible mechanisms: an
increase in the secretion of all bile salts including chenodeoxycholic
acid and/or luminal conversion of ursodiol to chenodeoxycholic acid
by intestinal bacteria (Alan Hoffman, personal communication).
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In primary biliary cirrhosis patients, on the other hand, diarrhea was
rarely reported, in five large-scale RCTs. No report of ursodiol-induced
diarrhea was found in the largest placebo-controlled randomized study
of its use in primary sclerosing cholangitis [35]. These conflicting
data highlight some of the challenges of evaluating adverse events
of RCTs.

Is there a real difference in the incidence of diarrhea in gallstone dis-
ease compared to PBC/PSC? Perhaps, bile salt metabolism is different
in gallstone disease, where there is an increased conversion of ursodiol
to chenodeoxycholic acid which is a potent secretagogue. The gallblad-
der in patients with gallstones is likely to be hypo-functional and may
be altered in its contractility in response to a meal or in its concentrat-
ing capacity, thus allowing more bile acid to enter the duodenum per
ursodiol dose. In addition, ursodiol may be stimulatory to the inflamed
bowel, while neutral or inhibitory to the bowel of patients with gall-
stones (Roger Soloway, personal communication). Alternatively, the
design of RCTs may account for the difference: the definition of diar-
rhea as an adverse event, the focus on a more serious disease, or an
already increased baseline bowel movement frequency in patients with
PSC are possible examples of this factor.

Some have speculated that anticholinergic drugs, which most often
cause constipation by reducing intestinal motility, as well as the proton
pump inhibitor omeprazole, can cause a paradoxical diarrhea. Although
the proposed mechanism for diarrhea is thought to be bacterial over-
growth leading to bacterial deconjugation of primary bile salts to
dihydroxy bile acids causing net fluid and electrolyte secretion in the
colon, there is no substantial evidence to confirm this explanation [3].
In fact, a Cochrane systemic review showed no statistically significant
difference in diarrhea occurrence in patients treated with PPI for reflux
disease either at maintenance dose (PPI 1.1% vs. placebo 3.3%, RR
0.34, 95% CI 0.04–3.18) or at healing dose for esophagitis (PPI 5.2%
vs. placebo 2%, p = 0.11) [36]. A recent article suggesting a link
between PPI use and small bowel bacterial overgrowth contributing
to diarrhea-predominant IBS shows that there is a common assump-
tion among gastroenterologists that PPI can cause diarrhea, that is not
necessarily supported by evidence [37].

Although not as elegantly delineated as epithelial transport changes,
disordered or deregulated motility can also cause diarrhea. Prokinetic
agents reduce intestinal contact time between luminal fluid and the
epithelium. The decreased amount of time chyme exposed to intesti-
nal epithelium can limit absorption and ultimately lead to diarrhea
[2]. Cisapride and tegaserod are 5-HT4-receptor agonists that stim-
ulate motility and accelerate gastrointestinal transit. However, both
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of these drugs have been removed from the market due to potential
cardiotoxicity.

Cholestyramine usually causes constipation, but in doses of
24–30 g/day may cause steatorrhea [1]. Animal studies show that
increasing the dietary amount of cholestyramine markedly increased
the excretion of both free and esterified fat in the stool [38].

Octreotide, used as an antidiarrheal, has a paradoxical effect at higher
doses, causing steatorrhea in 5–13% of patients by a possible syner-
gistic inhibition of biliary and pancreatic function through decreased
bicarbonate and lipase secretion [1, 39].

DIABETES MEDICATIONS

Diarrhea is a common occurrence in diabetes and may have many eti-
ologies. However, one of the most frequent causes of diabetic diarrhea
is medication. The biguanide metformin, used in the treatment of type
II diabetes, has an effect on the brush border, reducing disaccharidase
activity and leading to malabsorptive diarrhea in 10–53% of patients
[21, 40].

Animal studies have found that metformin or the older biguanide
phenformin inhibits intestinal glucose absorption in a dose-dependent
manner through effects on mucosal and serosal glucose transfer
mechanisms [41–44]. Based on a systematic review evaluating common
adverse events of metformin monotherapy in type 2 diabetes mellitus,
patients receiving metformin are 3.4 times more likely to develop diar-
rhea compared to those taking placebo (p = 0.002) [45]. Most cases
are transient and mild, but even in severe cases, lowering the dose
usually resolves the diarrhea [46]. In clinical trials, only 5% of study
participants discontinued metformin because of gastrointestinal side
effects [45]. There have also been cases of metformin causing late-
onset chronic diarrhea in whom discontinuation of the drug resolved
diarrhea [47]. Larger studies of 405 type 2 diabetics show that met-
formin was independently associated with chronic diarrhea with an
odds ratio of 3.08 (CI 1.29–7.36, p<0.02) [48]. In a diabetic clinic, met-
formin was found to be the most common cause of diarrhea based on a
questionnaire-based survey of 285 randomly selected diabetic patients
[49]. Diarrhea in a diabetic patient may be related to the disease process
itself; however, diabetic diarrhea usually occurs in type 1 diabetes for
which metformin is not a treatment.

Acarbose and miglitol, used for the treatment of diabetes, pre-
vent the breakdown of carbohydrates to monosaccharides by inhi-
bition of intestinal alpha-glucosidase, causing diarrhea. In a multi-
center RCT of 286 in type 2 diabetic patients comparing acarbose,
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tolbutamide, and tolbutamide-plus-acarbose to placebo 27% of patients
taking acarbose and 35% taking acarbose + tolbutamide c/o diar-
rhea in comparison to 6% of patients taking placebo or tolbutamide
(p < 0.05) [50].

Diarrhea can be minimized by starting acarbose therapy at low doses
(50 mg three times daily) and, in general, tends to decrease with time
[51]. In the large-scale, multinational study nvestigating different doses
of acarbose (from 25 mg t.i.d. to 200 mg t.i.d), good patient tolerability
and compliance were observed, even at the highest dose [52]. The study
also confirmed the marked tendency for adverse effects to decline after
4–6 weeks.

Interestingly, in a postmarket surveillance study of almost 20,000
patients, which included both type 1 and 2 diabetes, only 3.2% of those
taking acarbose complained of diarrhea [53]. The difference in find-
ings between the surveillance study and the RCT may be explained
by several processes: During an RCT, there may be more attention
directed toward minimal changes in signs and symptoms. Acarbose-
associated diarrhea is most common in the early phase of treatment. In
some cases of acarbose-induced diarrhea, the symptoms may resolve
over time with continued use. Finally, surveillance generally separates
out those subjects who had already discontinued acarbose because of
diarrhea.

The newer class of diabetes medications, GLP 1 inhibitors such as
exenatide, slow gastric emptying. Diarrhea is not an infrequent side
effect.

ENDOCRINE MEDICINES

Diarrhea associated with medullary carcinoma of the thyroid suggested
that calcitonin may cause a secretory type of diarrhea. Calcitonin in
high doses can induce a secretory diarrhea in 1–3% of patients. Studies
involving intravenous infusions showed prompt and marked increase
in jejunal secretion of water, sodium, chloride, and potassium, and
reduced absorption of bicarbonate, which was reversed immediately
with discontinuation of the infusion [54, 55]. However, in clinical prac-
tice, the use of salmon calcitonin for treatment of osteoporosis rarely
causes diarrhea (Vassilopoulou-Sellin R., personal communication)
[56]. This paradox highlights the variable and sometimes unpredictable
pattern of drug-induced diarrhea.

Just as in thyrotoxicosis, excess levothyroxine therapy can accelerate
small and large intestinal transit, causing diarrhea [57–59]. In addition
to its effects on intestinal transit, levothyroxine has been implicated in
bile acid malabsorption because of abnormal selenohomocholyltaurine
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(SeHCAT) testing. This test can be used to diagnose bile acid malab-
sorption as a cause of chronic diarrhea, but it best predicts the benefit
of cholestyramine in these patients [60]. However, this adverse effect of
levothyroxine may be a secondary effect of increased motility.

CHEMOTHERAPY AND IMMUNOMODULATORS

Diarrhea is a common adverse effect with a wide variety of drugs used
in oncology and transplant. The diarrhea is predictable and is often a
rate-limiting step in treatment.

Inflammatory diarrhea can be caused by immunosuppressive and
chemotherapeutic agents. The balance between absorption and secre-
tion may be disrupted by a change in the balance between mature
villus and immature crypt cells (see Fig. 23.2). This loss of intesti-
nal epithelial homeostasis with some superficial necrosis causes an
imbalance between absorptive, secretory, and motility functions of the
gut contributing to diarrhea [19, 32, 61]. Epithelial apoptosis of more

Fig. 23.2. Gradients from crypt to villus. There is a significant spatial geometry
of transport proteins along the crypt–villus (crypt–surface) axis. Some trans-
port molecules are found at relatively constant concentrations along the axis,
some exhibit a greater density in the base of the crypt, and others exhibit
a greater density toward the villus or surface (adapted from Sellin JH.
Chapter 87: Intestinal Electrolyte Absorption and Secretion. In: Slezinger &
Fordtran (eds) Gastrointestinal and Liver Disease: Pathophysiology/
Diagnosis/Management. 7th edn. Saunders, Philadelphia, PA. Figure 87.3,
p. 1695).
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than five apoptotic bodies (per 100 crypts) is considered an increase
above normal. Chemotherapeutic agents, especially fluorouracil, can
cause greater than 100 apoptotic bodies [27]. These agents usually
cause diarrhea in a dose-related fashion. It is most commonly seen
with fluoropyrimidines (fluorouracil, irinotecan, methotrexate, and cis-
platin), the fluorouracil pro-drug capecitabine, and the combination
treatment uracil–tegafur [1]. The patient’s symptoms can range in
severity from mild diarrhea to severe necrotizing enterocolitis [19].

Transplant immunosuppressives frequently cause diarrhea. This may
be due to a similar apoptotic enteropathy. Mycophenolic acid may shift
the balance between the pro- and antiapoptotic factors Bcl-2 and Bax,
leading to changes in mucosal homeostasis, and may also alter chloride
secretion (Sellin J., unpublished observations).

Irinotecan can cause acute or delayed diarrhea in 50–88% of patients.
Immediate-onset diarrhea is caused by acute cholinergic effects and
usually responds rapidly to atropine. The delayed-onset diarrhea usu-
ally occurs 24 h to several days after administration, can be unpre-
dictable, occurs at all dose levels, and is worse with combination
regimens with intravenous fluorouracil and leucovorin [62]. Several
hypotheses have been proposed to explain the underlying mechanism.
Evidence of a direct toxic effect on intestinal epithelium was provided
by animal studies: Mice treated with irinotecan had intestinal wall
thinning with epithelial vacuolation, vascular dilatation, an inflamma-
tory cell infiltrate, and evidence of apoptosis in the ileum [63, 64].
These studies led to the discovery of bacterial β-glucoronidase which
deconjugates the irinotecan metabolite SN38 glucuronide causing its
direct effect on the intestinal epithelium [19, 65].

Multiple agents have been studied in an attempt to reverse irinotecan-
induced diarrhea. In humans, the use of oral antibiotic, neomycin,
which decreases β-glucuronidase activity in the intestinal lumen,
resulted in good control of irinotecan-induced diarrhea in seven
colorectal cancer patients [66]. The Chinese herb Hange-Shashito
(TJ-14), a natural inhibitor of the β-glucuronidase activity of bacte-
rial microflora, has also been shown to prevent the delayed diarrhea
from irinotecan [67]. Probenecid, a biliary inhibitor of irinotecan and
SN-38 secretion, has been shown to reduce irinotecan intestinal toxicity
in mice, but no evidence has confirmed this observation in humans [68].
Oral cyclosporin (to reduce SN38 and SN38G clearance into the small
bowel lumen) used with irinotecan in a phase I clinical trial prevented
severe diarrhea. Only 1 patient out of 37 experienced grade 3 diarrhea,
and grade 4 diarrhea did not occur [69]. At increased pH, equilib-
rium favors the less toxic carboxylate form of the irinotecan metabolite
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SN-38. Reduced cellular damage and diarrhea was noted with bicarbon-
ate administration in hamsters given irinotecan [70]. Phase II clinical
trials also suggested benefit from sodium bicarbonate supplementation
for irinotecan-induced severe delayed diarrhea [71].

Oxaliplatin combined with fluorouracil and irinotecan makes the
incidence of diarrhea even more common than observed with either
agent alone [62]. Diarrhea can also result from an increase in oppor-
tunistic infections: invasive bacterial infections such as tuberculosis
and yersiniosis; ulcerating viral infections such as cytomegalovirus
and Herpes simplex; and invasive parasitic infections such as amebi-
asis and strongyloides. Neutropenic enterocolitis may also complicate
chemotherapy in neutropenic patients with leukemia. This is especially
associated with cytosine arabinoside, cisplatin, vincristine, adriamycin,
fluorouracil, and mercaptopurine [27].

Chemotherapeutic agents, besides causing inflammatory diarrhea,
can damage immature epithelial cells in the crypts causing functionally
compromised mature enterocytes. This effect leads to decreased nutri-
ent absorptive capacity and potentially a malabsorptive diarrhea [3].
Rapamycin administration in rabbits showed significantly decreased
jejunal and ileal villous surface areas and decreased fat and cholesterol
uptake, possibly contributing to malabsorption [72].

A new class of chemotherapeutic drugs, molecularly targeted agents,
have been proven to cause frequent diarrhea as frequently as their pre-
decessors. Epidermal growth factor receptor tyrosine kinase inhibitor,
erlotinib, and other tyrosine kinase inhibitors such as sorafenib, ima-
tinib, and bortezomib cause diarrhea in up to 60% of patients [62].
Erbitux R© (cetuximab), used for the treatment of EGFR-expressing,
metastatic colorectal carcinoma and squamous cell carcinoma of the
head and neck, and Iressa R© (geftinib), used for non-small cell lung
cancer, can cause diarrhea in 48–67% of patients depending on dose
[73, 74]. EGF can activate PI 3-kinase and the lipid products of this
enzyme inhibit calcium-dependent Cl transport in T84 human colonic
epithelial cells [75, 76]. EGF-receptor inhibitors may cause diarrhea by
blocking this inhibitory loop and causing secretion.

Diarrhea can be managed by loperamide, dose reduction, or treat-
ment interruptions [62].

Sorafenib-induced diarrhea, expected in 30–43% of patients, is
thought to be related to ischemic changes causing direct damage to
mucosal cells. In a case report of a patient with diarrhea on sorafenib,
multiple ulcers were found on colonoscopy throughout his colon [77].

Flavopiridol, a cyclin-dependent kinase inhibitor, has undergone sev-
eral clinical trials as an antitumor agent, with secretory diarrhea as a
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dose-limiting factor. Adding cholestyramine and loperamide as a pro-
phylactic antidiarrheal treatment allowed for use of higher doses [78].
Diarrhea may be related to flavopiridol binding to the gut mucosa acting
as a modest secretagogoue. Cholestyramine, by binding flavopiridol,
eases the adverse effect [79]. Pharmacogenomics may play a role in
drug-induced diarrhea. For example, those with extensive hepatic glu-
corinidation metabolism experienced less diarrhea than others [80]. The
hepatic metabolism of the drug decreases the toxic metabolites that
cause intestinal secretion. In this clinical study, mild cases of diarrhea
were controlled by loperamide, whereas more severe diarrhea was con-
trolled by octreotide infusion and reduction of flavopiridol dosages in
subsequent cycles [80].

ANTIBIOTICS

Antibiotics account for 25% of drug-induced diarrhea [1]. The
most well-known complication is pseudomembranous colitis due to
C. difficile (see Chapter 2), especially seen with the antibiotics clin-
damycin, amoxicillin, ampicillin, and cephalosporins [3]. C. difficile
causes diarrhea by secreting enterotoxin A, which adheres to the brush
border membrane of enterocytes inducing an inflammatory response,
and cytotoxin B that induces direct mucosal damage [2, 61]. Diarrhea
may occur a few days after antibiotic therapy is initiated and up
to 8 weeks after discontinuation. In the appropriate clinical setting,
diagnosis is based on detection of toxin in the stool. Endoscopy
reveals raised white to yellow plaques covering a normal or mod-
erately erythematous colonic mucosa [61]. Recently, non-antibiotic-
associated community-acquired C. difficile infection has become more
frequent with the use of acid reducing agents and immunosuppres-
sives. Lansoprazole and, in the elderly, histamine antagonist use are
reported to be significant risk factors for carriage of C. difficile, increas-
ing the risk of developing pseudomembranous colitis [3, 27]. In fact, a
meta-analysis to assess risk factors for recurrent C. difficile infection
revealed that use of concomitant antacid medications increased the risk
by two-fold (OR: 2.15; 95% CI: 1.13–4.08; p = 0.019) [81].

There has been a rise in the incidence of C. difficile colitis in hos-
pitalized patients with inflammatory bowel disease [82]. This may be
attributable to the use of immunosuppressives and biologic agents [83].

However, not all antibiotic-associated diarrhea is due to C. difficile.
Antibiotic-induced shifts in the bacterial flora may result in diarrhea,
presumably because of either an imbalance between different strains
of bacteria, a decrease in colonic production of short chain fatty acids
from fiber, or an alteration in mucosal function. Given the complexities
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of intestinal bacterial ecology, there is little definitive data to support
these attractive hypotheses.

There are, however, some better documented mechanisms of non-
C. difficile antibiotic-associated diarrhea. Motilin, a peptide hormone
found in the gastrointestinal M cells, and in some enterochromaffin
cells of the upper small bowel, is a potent contractile agent of the upper
GI tract. The effects of motilin can be mimicked by macrolide antibi-
otics, especially erythromycin, and can cause diarrhea. In addition to its
motilin agonistic effect, erythromycin at lower doses (40–80 mg) may
also entail cholinergic involvement, although the mechanisms are not
well understood [13].

Long-term use of oral antibacterials such as neomycin, polymyxin,
and bacitracin can also cause malabsorptive diarrhea. These antibi-
otics damage the small intestinal mucosa, leading to a reduction of the
enzyme activity of enterocytes [3, 20, 84]. They may also bind bile acids
in the intestinal lumen and reduce the absorption of fat [1]. In in vitro
transport studies, both neomycin and amphotericin act as membrane
detergents, functionally “dissolving” the apical membrane of entero-
cytes or colonocytes. Administering 1 g of neomycin with a test meal
to five healthy subjects caused a marked increase in fatty acid and bile
acid in their aspirated intestinal contents [85]. However, a subsequent
study of 2 g/day dose of neomycin given to four patients revealed no
evidence of steatorrhea, although daily stool weight increased in three
or four patients [86].

NSAIDS

Although physicians are attuned to the risks of NSAID-induced gas-
tric and duodenal ulcerations, it is becoming increasingly apparent that
NSAIDs may have a significant effect on the small bowel. NSAID
enteropathy may present with diarrhea, GI blood loss or perfora-
tion. Through multifactorial mechanisms, diarrhea occurs in 3–9%
of patients treated with the non-steroidal anti-inflammatory drugs
(NSAIDs), especially the older drugs mefenamic acid and flufenamic
acid [1, 87–89]. Thirty-nine percent (34 of 87) of patients in a 6-week
study given meclofenamate at doses of 200–400 mg/day experienced
diarrhea, including steatorrhea [21, 90].

Since NSAIDs stimulate in vitro absorption (increased Na+ absorp-
tion and decreased Cl− secretion), other mechanisms must be involved
in diarrhea [91]. NSAIDS most likely cause diarrhea through lumi-
nal contact with the small bowel epithelium [92]. Enterocyte injury
involves topical damage from ion trapping and uncoupling of oxida-
tive phosphorylation leading to increased intestinal permeability
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and inflammation. This exposes the enterocytes to luminal agents
(microbes, bile acids, enzymes) that cause injury and inflammation
progressing to erosions and ulcers [93]. Histologic findings include
prominent apoptosis and increased intraepithelial lymphocyte counts
[84]. NSAIDS may double the number of apoptotic bodies normally
found in the small intestine [29]. NSAIDs have been associated with
both microscopic and pseudomembranous colitis. NSAIDs have also
been implicated in causing collagenous colitis. Based on a case–control
study of 31 patients with collagenous colitis and 31 controls, the use
of NSAIDs was significantly more common in the study group (19/31)
vs. (4/31) in the control group (p < 0.02) [94]. Ileal disease mimicking
Crohn’s disease has also been described.

NSAID damage to the small bowel has been assessed by both
endoscopic and non-invasive techniques. Both capsule endoscopy and
double balloon enteroscopy have visually documented an increased
number of mucosal erosions and ulcers in the jejunum and ileum.
Non-invasive methods have included indium-labeled leukocyte scans,
lactulose mannitol permeability testing, and fecal calprotectin. Maiden
and others have quantitatively analyzed by capsule endoscopy NSAID-
induced pathology in 40 subjects taking diclofenac. Images revealed
new pathology in 27 subjects (68%), with common lesions of mucosal
breaks, bleeding, erythema, and denuded mucosa, with the majority
having concurrent lesions [95]. These patients also had elevated fecal
calprotectin (a marker for inflammation) levels from baseline. This
study provides both biochemical and direct evidence of macroscopic
injury to the small intestine from NSAID use [95]. In a case–control
study of 105 cases of newly diagnosed colitis based on endoscopic and
histologic findings, 78 patients (74%) were taking NSAIDs or salicy-
lates prior to or during the development of their disease [96]. These
studies support NSAIDs as an important class of drugs in causing
enteritis and/or colitis.

Acute proctocolitis has been documented in four separate cases of
NSAID etiology, with the use of flufenamic acid, mefenamic acid,
naproxen, and ibuprofen. Symptoms and signs resolved in all cases
with removal of the drug, but a rapid relapse occurred in three
of the four patients who were subsequently rechallenged with the
NSAID [97].

HIV MEDICATIONS

Virtually all protease inhibitors cause diarrhea. Ritonavir causes diar-
rhea in up to 52% of patients [98, 99]. Adverse effects appear to
be more common in patients with more advanced HIV/AIDS and
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in patients with higher plasma drug levels. Effects are greatest at
the beginning of therapy, before ritonavir induces an increase in its
own metabolism [100]. Combination therapy, especially lopinavir with
ritonavir, increases the risk of diarrhea [100]. Antidiarrheal medications
such as loperamide have been shown to control diarrhea. However, in
vitro studies showed that several protease inhibitors inhibited lipase
significantly at or below physiological concentrations [101]. Thus, the
use of pancrealipase with protease inhibitors may in theory reduce or
eliminate steatorrhea in these patients [100, 101].

Interestingly, in a study of 33 HIV patients who underwent evalu-
ation for diarrhea, over 90% had steatorrhea, irrespective of HAART
therapy (20/21 patients not on HAART vs. 10/12 patients on HAART)
[7]. Thus, the specificity of steatorrhea secondary to HAART may be
called into question.

Of the nucleoside analogue reverse transcriptase inhibitors, didano-
sine causes diarrhea in 17–28% of patients, especially in the buffered
formulations [61]. Enteric-coated tablets decrease this incidence.
Abacavir can produce diarrhea, especially in association with a
hypersensitivity reaction that occurs in 3–5% of treated individuals
[100, 102]. Diarrhea, among other symptoms, appears 1–4 weeks
after initiation of therapy, and usually resolves within 1–2 days
after discontinuation. Rechallenge with the drug, even at a decreased
dose, may cause the return of symptoms within hours with increased
severity [100].

CARDIAC MEDICATIONS

The Na+ pump (Na+, K+-ATPase) is the final common pathway for
Na+ absorption; inhibition of the Na+ pump blocks Na+ (and fluid)
absorption and this may cause diarrhea. Digoxin’s therapeutic target
is the cardiac Na+, K+-ATPase. However, inhibition of intestinal or
colonic Na+ pumps may cause diarrhea, most frequently at superther-
apeutic drug levels, especially in elderly patients [3]. In fact, digoxin
was the second commonest cause of diarrhea in a study of 100 elderly
patients [103].

By reducing K+ conductance and inhibiting calcium channels,
the class I antiarrhythmic drugs quinidine and propafenone impede
transepithelial Na+and water absorption causing diarrhea in 8–30% of
patients [104].

Ticlopidine, an inhibitor of platelet aggregation, can cause diar-
rhea through many processes, including reported cases of lymphocytic
colitis. However, increased motility is thought to be the principal



416 Abraham and Sellin

mechanism based on manometric readings of jejunal motility revealing
abnormal motility patterns [105].

HMG-CoA reductase inhibitors such as simvastatin, lovastatin,
and pravastatin cause an inflammatory diarrhea in less than 5% of
patients [1].

MISCELLANEOUS DRUGS

The phosphodiesterase inhibitor, theophylline, causes diarrhea by
increasing cyclic AMP, opening chloride channels, and increasing
secretion [32].

Auranofin, used previously for rheumatoid arthritis, caused secre-
tory diarrhea in up to 74% of patients requiring discontinuation in
14% of them [3]. Severe enterocolitis has also been reported of gold
therapy in over 30 cases. This adverse effect was unrelated to dosage,
occurred within 3 months of beginning treatment and persisted despite
withdrawal of the drug [3, 106].

Colchicine, besides causing secretory diarrhea through the inhibi-
tion of Na+, K+-ATPase activity, is a microtubule inhibitor and may
induce diarrhea by interfering with the migration of epithelial cells
from the crypt to the villus causing villous atrophy [3] and/or interfere
with intracellular trafficking of specific transport proteins [32], leading
to malabsorption. Three out of 12 patients evaluated for gastrointesti-
nal effects of the long-term use of colchicine prophylaxis for recurrent
polyserositis developed mild steatorrhea [107].

L-Dopa, allopurinol, and tetracycline can cause steatorrhea through
changes in jejunal mucosa [21, 91]. Flutamide, the antiandrogen drug
used primarily to treat prostate cancer, has been linked to microscopic
colitis [1, 27]. Penicillamine has been shown in a few cases to cause
acute proctosigmoiditis [87].

Isotretinoin used for acne has been associated with inflammatory
diarrheas [1]. Histology from these patients often shows acute focal
superficial inflammatory infiltrate of the mucosa. Multiple cases includ-
ing the largest case series revealed 85 patients diagnosed with inflam-
matory bowel disease with prior or recent use of the drug suggesting
a possible link [108]. Accutane (Roche) was recently pulled from the
market; however, other brands are still available.

CONCLUSION

Ideally, decisions about diagnosis or therapy should be evidence based;
however, as emphasized above, there is frequently a dearth of high-
quality evidence to guide the clinician in the area of drug-induced
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diarrhea. Determining the etiology of drug-induced diarrhea depends
on a careful history to identify the offending agent. Any history of drug
allergies or intolerances and any new prescription medications taken
within the 6–8 weeks prior to symptom onset may reveal the etiology.
One should always consider prescription as well as non-prescription
drugs, nutritional supplements, excessive caffeine consumption, and
artificial sweeteners found in diet foods as potential causes. Most cases
of drug-induced diarrhea resolve spontaneously within a few days after
withdrawal of the drug or with dose reduction. If diarrhea is severe or
persistent, patient management should include replenishment of any
fluid and electrolyte deficits with oral hydration or if warranted, with
intravenous fluids. Non-specific antidiarrheal agents can reduce stool
frequency and stool weight as well as decrease abdominal cramps.
Opiates (loperamide, diphenoxylate with atropine), intraluminal agents
(bismuth subsalicylate), and adsorbents (kaolin) also can help reduce
the fluidity of bowel movements [2, 27]. A low residue diet, spe-
cific treatment as described in above sections such as antibiotics for
C. difficile colitis, and reduction of fat intake for patients taking orli-
stat can also help. Probiotics as possible treatment or prevention (see
Chapter 27) have not been well studied in these settings, but future
studies may prove them to be useful.
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Summary

Runners are commonly afflicted with diarrhea. Profound mechanical
and physiologic gastrointestinal changes occur with exercise. These
changes can contribute to “runner’s trots”. Medical practitioners
should be alert to these running effects to better advise their active
patients.

Although it may be initially compelling to attribute a single
episode of running diarrhea to the exercise itself, one must always
remain alert to the possibility of non-exercise causes of diarrhea
merely presenting with the run. Runners may reduce chances of a
disabling episode of diarrhea with some simple pre-run strategies.

Key Words: Runner’s diarrhea, Athletes’ GI symptoms, Mesenteric
ischemia, Polycythemia, ORS, Loperamide
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INTRODUCTION

As anyone who has taken a dog for a walk knows, physical movement
stimulates bowel function. More vigorous physical activity, including
running, can stimulate bowel activity to the point of diarrhea. In this
chapter, we will discuss the mechanisms behind this “runner’s diarrhea”
and some management options.

English terms for diarrhea suggest the association with running: “the
runs” or “the trots.”

INCIDENCE

The incidence of running-related diarrhea is at best roughly estimated.
These estimates are based on self-reported questionnaires which are
completed by participants at race events. Symptoms specific to diarrhea
are not often differentiated from other lower GI tract symptoms such
as bloating, cramping, urge to defecate, or defecation. Up to 62% of
runners experience the urge to have a bowel movement during training
[1–3]. Compared to non-runner controls, runners have more frequent
and looser bowel movements [4]. The urge to defecate halts more runs
than any other single reason to stop. The intensity of the run augments
the problem and women seem to be somewhat more susceptible to this
than men [5].

EXERCISE EFFECTS ON GASTROINTESTINAL
PHYSIOLOGY

Medical practitioners are accustomed to normal and pathologic physiol-
ogy in the resting state. However, profound physiologic changes affect
all organs when subjected to intense or prolonged exercise. This section
seeks to describe some of these changes as they affect the gastrointesti-
nal system so as to help the practitioner appreciate potential clinical
circumstances for active patients.

Gastrointestinal blood flow can be sharply reduced during exercise
due to rapid fluid shifts and possibly ensuing dehydration. Splanchnic
blood flow can be reduced by 60–70% at moderate exercise workloads
and 80% at maximal workloads [6, 7]. Additionally, increased blood
viscosity, erythrocyte deformability, and increased platelet aggregation
may further reduce splanchnic blood flow [8]. Combined, and at higher
workloads, these lead to mucosal ischemic injury which manifests as
intestinal mucosal dysfunction.

Numerous changes taking place in the gastrointestinal tract may
contribute to the development of running-related diarrhea. Intestinal
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motility, as measured by colonic transit time, can be accelerated, decel-
erated, or unchanged. Studies demonstrate conflicting results, possibly
a reflection of varied study protocols [9]. A recent study using pH
telemetry did not demonstrate any difference between symptomatic and
asymptomatic athletes. The authors therefore suggested that the diar-
rhea experienced by the symptomatic athletes needs to be explained by
an alternate mechanism [10].

Mechanical turbulence and emulsification of the bowel contents may
occur from the vertical movement of running [11]. The deceleration
forces that occur upon landing are estimated to be twice as much as the
forces experienced by cyclists. Consequently, presuming these deceler-
ative forces contribute to stool emulsification, runners experience more
lower GI symptoms than do cyclists [2]. It is unclear exactly how
much this phenomenon contributes to the development of the runner’s
diarrhea.

Neuroendocrine alterations are implicated to affect the GI tract.
Plasma concentrations of hormones that are known to affect secre-
tion, absorption, and motility at rest are altered during exercise. These
hormones include vasoactive intestinal polypeptide, gastrin, secretin,
pancreatic polypeptide, neurokinin A, pancreastatin, and motilin [12].
However it is unclear if these hormone alterations directly contribute to
the clinical syndrome associated with runner’s diarrhea [13].

Lower GI mucosal breech results in leak of endotoxin into the portal
circulation at higher levels of exercise intensity. Increased permeabil-
ity was demonstrated using a 51Cr-labeled ethylenediaminetetraacetic
acid marker [14]. This “leaky gut” allows for entry of lipopolysaccha-
rides (LPS) into the portal circulation [15]. This powerful endotoxin
further contributes to the release of cytokines such as tumor necrosis
factor alpha, interleukin 6, C-reactive protein, and other acute-phase
reactants [16].

Nutritional habits may contribute to runner’s diarrhea. Sports drinks
and gels containing carbohydrate concentrations exceeding 7–10% may
create an osmotic gradient that either impairs proximal water absorption
or attracts water across the colonic mucosal semi-permeable membrane
[17]. High-fiber and high glycemic index foods may do the same thing.
Caffeine is often used before long races for its effect on fat metabolism,
but an inadvertent laxative effect may prevail.

CLINICAL MANAGEMENT

As a clinician taking care of a runner who is experiencing diarrhea, the
most important initial question to address is whether this is “runner’s
diarrhea” or another condition that simply manifested in the runner
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[18]. Various gastrointestinal conditions can present with diarrhea that
is incidental to an episode of running. These include ischemic, infec-
tious, and toxic etiologies. Ingested food, medication, or supplements
may also cause diarrhea. Inflammatory bowel disease, biliary or pan-
creatic disorders, and irritable bowel syndrome are included in the
differential diagnosis. Even systemic disease may present with altered
colonic function.

In 2009, an algorithm was published to serve as a guide to the
approach of athletes with lower GI symptoms [18].

Once the diagnosis of runner’s diarrhea is made, the next step is
addressing how to manage these athletes. Treatment with low doses of
loperamide in addition to changing the training regimen is key.

Oral rehydration solutions designed for GI losses rather than the
ones formulated for replacing sweat losses should be utilized. If a sig-
nificant degree of dehydration exists, replacement should be based on
laboratory evaluation of electrolytes. NSAIDs should be avoided, and
advice can be given to moderate osmotic loads to the gut before and
during running.

Physicians can model appropriate infection control measures such as
hand washing and use of gloves.

RACE MANAGEMENT

Race coordinators should work toward providing appropriate hydration
solutions that are not contaminated as well as adequate numbers of toi-
leting facilities and good hand sanitizer. Coordinators routinely carry
out measures to diminish heat-associated illnesses and should continue
to follow ACSM guidelines [19].

TRAINING IMPLICATIONS

In general, an initial reduction of training intensity followed by grad-
ual resumption of previous levels of exertion should be encouraged.
Cross-training may allow continued development of aerobic capac-
ity with fewer GI symptoms as the gut becomes conditioned to the
exertion being trained for. Sports psychology approaches and mental
imagery may allow peak performance with less anxiety and associated
psychophysiologic GI distress.

Pre-race diets should be limited in calorie content and in the amount
of osmotically active materials. Race fluids with large numbers of
osmoles are not suitable for these situations, even though they might be
easily digested during a non-race day event and are typically advertised
as light weight sources of high-energy value.
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Prior to beginning an event, an attempt to evacuate should be made.
Starting a race with an adequate level of hydration is also important.

Finally, polycythemia, which may develop as a result of being trained
at high altitude or by using erythropoietin, may aggravate mesenteric
ischemia, which may compromise bowel perfusion and can manifest as
hematochezia. It would seem prudent to avoid this additional risk.

CONCLUSION

Gastrointestinal disturbances adversely affect many runners. Numerous
physiologic changes are proposed to explain these commonly experi-
enced symptoms. Physicians caring for these recreational and occasion-
ally elite athletes would be well advised to familiarize themselves with
these running-related effects. Simple management strategies that can
reduce the runner’s debilitating symptoms can be recommended.
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Summary

Diarrhea is a universal human experience, that is, a symptom and
not a disease (Schiller LR, Sellin JH. Approach to a patient with
symptoms and signs: diarrhea. In: Sleisenger and Fordtran’s gas-
trointestinal and liver disease, 9th edn. Philadelphia, PA: Saunders,
Elsevier, 2010, pp. 159–186). Most patients with diarrhea can be
managed successfully as outpatients; however, more than 450,000
hospital admissions each year are for gastroenteritis (Schiller LR,
Sellin JH. Approach to a patient with symptoms and signs: diarrhea.
In: Sleisenger and Fordtran’s gastrointestinal and liver disease, 9th
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edn. Philadelphia, PA: Saunders, Elsevier, 2010, pp. 159–186). The
evaluation of patients with diarrhea is complex. A detailed and care-
fully taken history is essential to aid in the classification of diarrhea.
Appropriately defining and classifying diarrhea is an essential first
step that provides the clinician a framework for approaching diag-
nostic and therapeutic options. There are several methods to classify
diarrhea and no single method of classification is ideal. The most fre-
quently used methods of classification are as follows: by time course
(acute or chronic), volume (large or small), pathophysiology (secre-
tory or osmotic), stool characteristics (watery, fatty, inflammatory),
and/or epidemiology (travel related, immune suppression, epidemic).
Based on above classification methods, a rational approach can be
used by the primary care physician to further manage patients with
diarrhea, including when to consider referral to a gastroenterologist.

Key Words: Diarrhea management, Hospitalization, Diarrhea therapy,
Patient referral

INTRODUCTION

Appropriately defining and classifying diarrhea is an essential first
step that provides the clinician a framework for approaching diagnos-
tic and therapeutic options [1]. Diarrhea can be classified in several
ways (see also Chapter 1) and no single method of classification is
ideal. Classifications are only helpful if they point to an efficient and
effective diagnostic approach. The most frequently used methods of
classification are as follows: by time course (acute or chronic), volume
(large or small), pathophysiology (secretory or osmotic), stool char-
acteristics (watery, fatty, inflammatory), and/or epidemiology (travel
related, immune suppression, epidemic) (see Fig. 25.1 and Chapters 1,
2, and 18).

Diarrhea lasting for more than 4 weeks is chronic. While certain
infectious agents can cause a prolonged diarrhea in immune competent
patients, the etiology is usually not infectious. It has been estimated that
5–7% of the population has an episode of acute diarrhea each year and
that 3–5% have chronic diarrhea that lasts more than 4 weeks [2]. This
chapter will focus on chronic diarrhea, with a particular emphasis on
adults. As for pediatric patients, in 2003 the Center for Disease Control
(CDC) put forth new recommendations for the management of acute
pediatric diarrhea in both the outpatient and inpatient settings including
indication for referral [3]. Table 25.1 outlines the indications for medi-
cal evaluation of children with acute diarrhea. The report also includes
information on assessment of dehydration and what steps should be
taken to treat adequately (see Table 25.2).
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Fig. 25.1. Most frequently used method of classification of diarrhea.

Table 25.1
Indications for medical evaluation of children with acute diarrhea (adapted

from [3])

Age <3 months
Weight <8 kg
History of premature birth, chronic medical conditions, or concurrent illness
Fever ≥38◦C for infants <3 months or ≥39◦C for children 3–36 months
Visible blood in the stool
High output diarrhea
Persistent emesis
Signs of dehydration as reported by caregiver
– sunken eyes, decreased tears, dry mucous membranes, decreased urine

output
Mental status changes
Inadequate response to or caregiver unable to administer ORT

EVALUATION OF PATIENT WITH DIARRHEA

History
The initial approach to patient with a presenting complaint of chronic
diarrhea is a carefully taken medical history. Questions should focus
on discriminating among watery, inflammatory, and fatty diarrheas.
Physicians should ask the relationship of diarrhea to meals, fasting,
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Table 25.2
Treatment of dehydration due to diarrhea (adapted from [3])

Degree of dehydration Rehydration therapy Replacement of losses

Minimal or no
dehydration

Not applicable <10 kg body weight:
60–120 ml ORS for
each diarrhea stool or
vomiting episode

>10 kg body weight:
120–140 ml ORS for
each diarrheal stool or
vomiting episode

Mild to moderate
dehydration

ORS, 50–100 ml/kg body
weight over 3–4 h

Same

Severe dehydration Lactated Ringer’s
solution or normal
saline in 20 ml/kg body
weight intravenous
amounts until perfusion
and mental status
improve

Same, if unable to drink
administer through NG
tube or administer 5%
dextrose 1/4 normal
saline with 20 mEq/l
potassium chloride
intravenously

Then administer
100 ml/kg body weight
ORS over 4 h or 5%
dextrose 1/2 normal
saline intravenously at
twice maintenance fluid
rates

urgency, and fecal incontinence. Associated symptoms of abdom-
inal pain, fever, nausea, vomiting, and cramps should be noted.
Epidemiologic clues such as travel history, sources of patient’s drink-
ing water, antibiotic use, hospitalizations, and identifiable foodborne
illnesses should be elicited. Other key historical information includes
patient demographics, medication history (with particular attention to
over-the-counter medications), prior abdominal surgeries, prior radia-
tion therapy, and diet. Age may shape a differential diagnosis; younger
patients may raise the possibility of inflammatory bowel disease (IBD),
while microscopic colitis is more likely to present in the middle-aged or
elderly. Alternative and complementary medications may be important
factors. Given a particular American proclivity to orthorexia, dietary
history should be defined, including milk and lactose-containing prod-
ucts, high fructose corn syrup as found in sodas, and caffeine. Although
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coffee is the obvious caffeine-containing product to identify, it is impor-
tant to recognize the emerging popularity of energy drinks such as Red
Bull that may also be a factor in diarrhea.

The clinician should also inquire about the association of diarrhea
with systemic and metabolic diseases. Both diabetes and hyperthy-
roidism may commonly contribute to diarrhea. However, relative zebras
such as amyloidosis, IgA deficiency, or common variable immunodefi-
ciency need to be considered. If clinical suspicion is high, the potential
of secondary gain must be explored. For instance, clues such as fixation
with body image should raise the possibility of laxative abuse.

A careful history can assist in distinguishing irritable bowel syn-
drome (IBS) from other functional and organic disorders. Classically,
the major discriminants between functional and organic disease are
weight loss and nocturnal diarrhea. Interestingly, the frequency of
bowel movements or the presence of tenesmus is not a reliable indicator
of organic disease.

Physical Examination
In patients presenting with chronic diarrhea, the physical exam does
not usually help in determining a cause of diarrhea, but is beneficial
in determining the severity of the illness, particularly in the pediatric
age group. The presence of fever, low blood pressure, or orthostasis
suggests significant volume depletion. Findings of dehydration such
as dry mucus membranes and decreased skin turgor should be noted.
Abdominal examination should determine the presence or absence of
bowel sounds, abdominal distention, localized or generalized tender-
ness, masses, and enlarged liver. A detailed rectal examination can
provide information regarding rectal incontinence or perhaps perianal
lesions associated with Crohn’s disease.

Occasionally, physical exam findings can provide clues to etiology
of diarrhea. Dermatologic changes may point to an underlying etiol-
ogy. Dermatitis herpetiformis indicates underlying celiac disease (see
Chapter 12), whereas erythema nodosum, pyoderma gangrenosum, and
psoriasis may raise the possibility of IBD (Chapter 3). Physical exam
findings of hyperthyroidism such as tremor, goiter, and exopthalmo-
sis should be documented. Lymphadenopathy might suggest acquired
immune deficiency syndrome or lymphoma.

EVALUATION BY PRIMARY CARE PHYSICIANS

Diagnostic algorithms for diarrhea are based on expert opinion rather
than evidence-based medicine. Recently, a largely evidence-based
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guideline for the treatment of children with acute diarrhea has been
published [4], and the reader is referred to this publication. Most of
the tests needed for a first approach to adult patients with chronic
diarrhea are easily obtained by primary care physicians, while a few
are best performed by gastroenterologists. Routine laboratory tests
such as complete blood count and chemistries should be obtained
initially. If concerned about metabolic disease, such as diabetes or
hyperthyroidism, TSH and hemoglobin A1C should also be ordered.
The recognition of the expanding clinical spectrum of celiac disease
makes it reasonable to aggressively test for this possibility with appro-
priate serological testing (see Chapter 6). The etiology of anemia should
be clearly defined. Vitamin B12 deficiency may point to ileal disease.
Although a Schilling’s test is the classic method to elucidate the specific
mechanism of B12 deficiency, it is not readily available in many areas.
Folate deficiency may suggest mucosal disease or small bowel bacte-
rial overgrowth. Iron deficiency in the absence of evidence of intestinal
blood loss may indicate celiac disease. The routine testing for the pos-
sibility of a neuroendocrine tumor as an etiology for chronic diarrhea
is not recommended. Likewise, the value of testing for IBD serologies
has not been established in the routine workup of chronic diarrhea (see
Table 25.3) [5].

A hallmark of evaluation of diarrhea includes stool analysis, either
with a random sample (see Fig. 25.2) or a timed collection. A timed
stool collection for 48–72 h may be a logistic challenge for the patient,
laboratory, and physician, but this can provide invaluable information
that can guide further diagnostic studies. Patients should continue their
regular activities and should consume a regular diet. Only essential
medications should be taken and anti-diarrheals should be held. Stool

Table 25.3
Laboratory evaluation of chronic diarrhea: stool analysis

Test Etiology

Stool weight >500 g Hormone/metabolic-driven diarrhea
Fecal occult blood Inflammation, malignancy
Fecal leukocytes Inflammation in colon
Fecal calprotectin/lactoferrin Inflammation in colon and/or small bowel
Stool electrolytes: Na, K, Osmotic versus secretory diarrhea
Stool pH Carbohydrate malabsorption
Laxative screen Factitious diarrhea
Fecal fat/Sudan stain Steatorrhea
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Fig. 25.2. Representative aide to classify different forms of stool.

can be collected in commercially available collection units that allow
the separation of stool and urine and fits onto a commode. The stool
can be analyzed for weight, sodium, potassium, magnesium, pH, fat
content, and laxatives.

Stool weight may be the most useful parameter obtained from a timed
stool collection. Significant increases (>1000 g) may dictate workup for
a hormonally driven diarrhea. Interestingly, about 20% of timed stool
collections reveal a normal weight and therefore necessarily refine the
workup of diarrhea [6].

By measuring stool electrolytes and osmolarity, one can calculate an
osmotic gap, osmolality that is not accounted for by the measured elec-
trolytes. Stool osmotic gap is calculated by subtracting twice the sum of
sodium and potassium concentration from 290 mOsm/kg. A significant
gap (>50 mOsm) implies an osmotic diarrhea, whereas a minimal gap
is consistent with a secretory diarrhea (see Table 25.4 and Fig. 25.3).
Stool pH can provide information about the possibility of carbohydrate
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Table 25.4
Stool osmotic gap

Stool Osmotic gap = stool osmolality −[2 × ([Na +] + [K + ])]
Stool osmolality = colonic fluid osmolality which is in equilibrium with body

fluids, approximately 290 mOsm/kg

Stool osmotic gap <50 mOsm/kg → suggests secretory diarrhea
Stool osmotic gap >100 mOsm/kg → suggests osmotic diarrhea

Fig. 25.3. In secretory diarrhea, almost all of the osmotic activity is accounted
for by electrolytes. In osmotic diarrhea, electrolytes account for only small part
of osmotic activity; unmeasured osmoles account for most of osmotic activity.

malabsorption. Carbohydrates that reach the colon are fermented by
bacteria, resulting in a stool pH that is acidic, usually below 6.

Fecal fat output can be measured quantitatively by timed collection
or qualitatively by Sudan stain of a random sample. Although histori-
cally, patients were put on a 100 g fat diet during this type of collection,
this is rarely done these days. Steatorrhea is defined by excess fat loss in
stool, greater than 7 g, which can be due to maldigestion (e.g., pancre-
atic insufficiency) or malabsorption, which usually point to a mucosal
or luminal abnormality, most commonly celiac disease. The degree of
steatorrhea and fat concentration tends to higher for maldigestion than
malabsorption of fat.

The presence of fecal leukocytes signifies inflammation in the colon
leading to diarrhea caused by colitis, malignancy, or infection. Accurate
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evaluation for fecal leukocytes requires an adept, prompt examination
of the stool sample; in an outpatient setting that may not be possible. In
contrast, fecal calprotectin and lactoferrin are stable non-invasive mark-
ers of inflammation in the small intestine and/or colon. Calprotectin is
an abundant neutrophil protein found in both plasma and stool that is
markedly elevated in infectious and inflammatory conditions, including
IBD. Studies have shown that fecal calprotectin correlates well with his-
tological inflammation as detected by colonoscopy with biopsies. Fecal
calprotectin has been shown to consistently differentiate IBD from irri-
table bowel syndrome because it has excellent negative predictive value
in ruling out IBD in undiagnosed, symptomatic patients [7, 8].

EVALUATION BY GASTROENTEROLOGISTS

Although a significant part of the workup for chronic diarrhea can be
completed by a primary care physician, some diagnostic testing may be
more effectively accomplished by a gastroenterologist. Endoscopy may
establish a diagnosis of microscopic colitis (see Chapter 5) or inflam-
matory bowel disease (see Chapter 3). There has been an increasing
interest in the possibility that bile acid malabsorption or small intestinal
bacterial overgrowth may be important etiologic factors in chronic diar-
rhea. Evaluation for these abnormalities is complex, complicated, and
controversial and probably should be pursued by a gastroenterologist
(see Chapter 11).

ROLE OF ENDOSCOPY

Direct visualization of colonic mucosa and biopsy are helpful in rul-
ing out inflammatory bowel disease, ischemic colitis, collagenous and
microscopic colitis, and malignancy. In studies from tertiary referral
centers, colonoscopy yields a diagnosis in approximately 15% of cases
[9, 10]. The most common diagnoses found in large series are either
inflammatory bowel disease (3–10%) or microscopic colitis (8–15%).
A consensus is lacking on whether colonoscopy or flexible sigmoi-
doscopy should be the initial endoscopic test in patients with chronic
diarrhea. The advantage of the latter is that there is no need for sedation,
preparation is simpler, and it has less risk and costs. In patients with
suspected inflammatory bowel disease, malignancy, and/or gross/occult
bleeding, colonoscopy may be preferable. In patients over 50 years
of age, the need for colon cancer screening may influence the choice
of procedures. Pathologic processes such as ulcerative colitis tend to
be diffuse and can be diagnosed on flexible sigmoidoscopy alone.
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However, if a flexible sigmoidoscopy is non-diagnostic and symp-
toms persist, colonoscopy should be performed. There has yet to be a
prospective randomized study of the utility of colonoscopy versus flex-
ible sigmoidoscopy for chronic diarrhea evaluation. Clinical decision
making should be individualized [11].

The role of upper gastrointestinal endoscopy (or EGD, for esophago-
gastro-duodenoscopy) in the evaluation of chronic diarrhea has not been
thoroughly evaluated. The most common diagnostic yield from EGD
is celiac disease, but other less common enteropathies, such as food
allergic or eosinophilic gastroenteropathy, amyloidosis, or Whipple’s
disease, may only be confirmed by small bowel biopsy. In general, a
positive celiac serology should be followed with a small bowel biopsy
to confirm the diagnosis before embarking on the rigors of a gluten-free
diet (see Chapter 6).

EVALUATION FOR BILE ACID MALABSORPTION

The role of bile acid malabsorption in chronic diarrhea has become a
matter of significant basic and clinical interest. In the setting of either
ileal resection or disease, it is well established that the enterohepatic
circulation is disrupted; bile acids enter the colon in increasing con-
centration and stimulate a secretory diarrhea [12]. However, it has
been suggested that significant bile acid malabsorption may occur in
the absence of obvious ileal abnormalities, i.e., idiopathic bile acid
malabsorption (IBAM). This diagnosis has been based on two related
observations: (i) an abnormal selenium-75-homocholic acid taurine
(SeHCAT) test [13] and (ii) a favorable response to a therapeutic trial
of a bile acid-binding resin.

SeHCAT is an orally administered radio-labeled synthetic bile acid.
Because its ileal and hepatic transport is similar to that of cholic
acid, SeHCAT has been used as an indicator of bile acid absorption
and malabsorption. Bile acid malabsorption was initially reported as
a rare cause of chronic diarrhea; however, after the introduction of
SeHCAT as a diagnostic tool, bile acid malabsorption was reported
more frequently. Because the test is not available in the United States,
there has been something of a transatlantic divide in the workup
for bile acid malabsorption. It has been suggested that SeHCAT test
has limited value in the routine evaluation of chronic diarrhea given
that some studies showing high false-positive and false-negative val-
ues. In the absence of SeHCAT testing, the diagnosis of IBAM is
often made after a therapeutic trial of cholestyramine or other resins.
However, the anti-diarrheal effects of cholestyramine may not be very
specific [14].
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One troubling aspect of the diagnosis of IBAM is the lack of credible
evidence for a pathophysiologic abnormality. Although there are rare
genetic abnormalities of the ileal bile acid transporter (see Chapter 9),
no such defect has consistently been found in adults with a diagno-
sis of IBAM. The natural history of IBAM is variable and there may
be frequent spontaneous resolution of the malabsorption, raising the
possibility that the bile acid malabsorption may be an epiphenomenon.
However, recent studies have suggested that it may be more a case
of excessive bile acid synthesis rather than a defective ileal transport
mechanism. The alteration in bile acid metabolism may be related to
defective release of intestinal fibroblast growth factor 19 [15]. If fur-
ther studies confirm this finding, it would open up an array of other
tests to establish a more reliable diagnosis of IBAM and rationalize our
approach to this abnormality.

EVALUATION FOR SMALL INTESTINAL BACTERIAL
OVERGROWTH (SIBO)

Similar to the wave of enthusiasm for the diagnosis of IBAM in chronic
diarrhea, small intestinal bacterial overgrowth has been implicated in
the etiology of chronic diarrhea with increasing frequency. Because
there is no widely available gold standard for the diagnosis of SIBO
(see Chapter 11), tests with limited sensitivity and/or specificity have
been used to establish a diagnosis of SIBO [14]. Hydrogen breath tests
are particularly attractive because they are simple and non-invasive.
A hydrogen signal in expired breath results from bacterial metabolism
of carbohydrate. This occurs in one of two conditions: (i) malabsorp-
tion of a sugar in the small intestine with subsequent metabolism by
colonic bacteria or (ii) accumulation of a significant bacterial popula-
tion in the small intestine, with bacterial metabolism of a test sugar
occurring before it can be fully absorbed.

Unfortunately, hydrogen breath tests may lead to both under diagno-
sis and, more frequently, over diagnosis of SIBO. Two test sugars are
generally used: glucose and lactulose. Lactulose is particularly unreli-
able; because it is a non-absorbable disaccharide, it predictably reaches
the colon and produces an H2 signal. Because small bowel transit time
is variable and in patients with diarrhea be as rapid as 15 min, it is
not feasible to use the timing of H2 peak to diagnose SIBO [16]. The
accuracy of the breath test can be improved considerably by combin-
ing it with a nuclear medicine intestinal transit scan, which establishes
a reliable, independent indicator of the position of the test sugar along
the GI tract in relation to the timing of the H2 signal [17].
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Summary

Diarrhea occurring for 4 or more weeks is deemed chronic. In an ideal
world, it would be easy to identify and direct therapy to the under-
lying pathophysiology that is leading to chronic diarrhea, however,
this is not always possible. Oral rehydration solutions play an impor-
tant role in treating dehydration, which is one of the first aspects
of chronic diarrhea that must be dealt with. Various medications
can be used to help ameliorate the symptoms of chronic diar-
rhea or to treat the underlying mechanism involved. Some of these
agents include silicates, bulk-forming agents, opiates, enkephalinase
inhibitors, anticholinergics, somatostatin analogues, calcium chan-
nel blockers, and alpha 2- adrenergic agonists. Lastly, probiotics can
be used in treating antibiotic-associated diarrhea, travelers’ diarrhea,
diarrhea-predominant IBS, ulcerative colitis, and in the prevention

From: Diarrhea, Clinical Gastroenterology
Edited by: S. Guandalini, H. Vaziri, DOI 10.1007/978-1-60761-183-7_26

C© Springer Science+Business Media, LLC 2011

443



444 Soriano and Vaziri

of pouchitis. For a more detailed discussion of the various treatment
options available please refer to the corresponding chapters.

Key Words: Chronic diarrhea, Oral Redydration Solutions (ORS), Silicates,
Bulk-forming agents, Opiates, Enkephalinase inhibitors, Anticholinergics,
Somatostatin analogues, Calcium channel blockers, Alpha 2 adrenergic agonists,
Probiotics

INTRODUCTION

The management of patients with chronic diarrhea, defined as diar-
rhea lasting 4 or more weeks, can be challenging. Ideally the treatment
plan for chronic diarrhea should target the underlying pathophysiology.
There are, however, certain circumstances in which empiric therapy can
be considered including (1) prior to the completion of the diagnostic
evaluation; (2) instances in which a clear diagnosis is not obtained;
(3) if there is no specific treatment for the underlying condition or the
specific treatment has failed [1]; (4) when a diagnosis is strongly sus-
pected and/or the patient’s comorbidities limit the diagnostic evaluation
(for example, a patient who develops diarrhea after ileal resection). This
chapter will review the treatment options available for patients present-
ing with chronic diarrhea starting with basic supportive measures, such
as hydration and proceeding to specific drug therapies.

ORAL REHYDRATION SOLUTIONS

Maintaining adequate hydration or restoring hydration is the first step
in the treatment of diarrheal diseases, and particularly of acute-onset
diarrheas. Oral rehydration solutions (ORSs) play an important role
in this regard. During the cholera pandemic it was observed that the
co-administration of glucose could improve sodium absorption by the
intestinal mucosa. This in turn led to the introduction of an ORS by
the WHO (World Health Organization) containing sodium 90 mmol/l,
potassium 20 mmol/l, and chloride 80 mmol/l. This solution has proved
of paramount importance in saving thousands of lives, especially in
developing countries and in cases of cholera infection, to the point that
it was heralded by The Lancet as “potentially the most important med-
ical advance of this century.” However, subsequent research showed
that a reduced osmolarity solution could be more advantageous in pro-
moting fluid absorption, and thus in 2003, the recommended ORS was
reformulated to one of reduced osmolarity, from 311 to 245 mmol/l.
This was achieved by decreasing the glucose and sodium chloride
concentrations (see Table 26.1). With the use of the reduced osmolarity
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Table 26.1
Ingredient concentrations in the reduced osmolarity ORS

Ingredient g/l Molecule mmol/l

(NaCl)
Sodium chloride

2.6 (instead of 3.5) Sodium 75

C6H12O6
Glucose, anhydrous

13.5 (instead of 20) Glucose 75

KCL 1.5 Potassium 20
Potassium chloride Chloride 65

Na3C6H5O7·2H2O
Trisodium citrate, Dehydrate

2.9 Citrate 10

formula, a reduction of stool output is expected; there may, however,
be the potential risk of hyponatremia, which should be monitored for
in adult patients with cholera [2]. Outside of cholera, however, such
solutions appear to be safe and effective [3]. Cereal-based solutions are
newer preparations that may have superior efficacy [4]. Furthermore, in
recent years an ORS based on amylase-resistant high amylose maize
starch 50 g/l (substituted for glucose) has been tried and found very
effective and superior to the low-osmolarity ORS both in children [5]
and in adults [6]. It is therefore to be expected that these ORSs will
receive more attention in the near future for expanded use.

In most instances of common acute-onset diarrhea in otherwise
healthy adults, however, saltine crackers taken with flavored mineral
water will meet the patient’s hydration requirement. It is important to
note that caution should be advised when treating dehydration with
sports drinks as they are only effective in replacing mild electrolyte
losses that typically occur during exercise and do not have an adequate
amount of sodium or nutrients needed to hydrate a patient with diarrhea.

Certain fluids should be avoided when diarrhea is moderate to
severe. These include coffee, secondary to its diuretic effect and most
soft drinks and sweetened tea or fruit drinks, which can cause an
osmotic diarrhea. Appropriate home-prepared drinks include salted rice
water, vegetable or chicken soup with salt and salted yogurt-based
drinks.

To prepare a homemade cereal-based ORS: 1/2 cup of dry, precooked
baby rice cereal can be mixed with 1/4 teaspoon of salt in two cups of
water.
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DIETARY MODIFICATIONS

Dietary modifications can significantly alter the course of certain gas-
trointestinal conditions. For instance, it is evident that avoidance of
lactose or gluten-containing foods can greatly benefit patients with lac-
tose intolerance or celiac disease, respectively. Avoidance of lactose is
also advised in cases of extensive small bowel damage, in which case
decreasing the delivery of large amounts of lactose to the colon will
reduce the subsequent colonic water retention that would normally take
place.

In general, however, no dietetic restrictions are needed for most
instances of acute diarrheas. Lactose intolerance was once thought to
be a major problem in infants and children with diarrhea and a rea-
son to delay refeeding milk-based formulas. In reality, and in spite
of the common occurrence of reducing substances in the stools of
infants with diarrhea, it is believed that lactose intolerance should
not be a clinical concern for the vast majority of patients in devel-
oped countries, as research has demonstrated that unrestricted diets
do not worsen the course or symptoms of mild diarrhea compared
with ORSs or intravenous therapy alone (reviewed in [7]). The occur-
rence of clinically significant lactose intolerance, however, must not be
completely disregarded: rarely, and more so in malnourished children,
diarrhea may worsen with reintroduction of milk or “normal” formulas.
If fecal pH decreases and 1% or more reducing substances are found in
the stools, lactose intolerance should at that point be diagnosed and a
lactose-free formula employed at least temporarily to prevent persistent
diarrhea.

The remainder of this chapter focuses on the empiric treatment
approach to the adult patient with chronic diarrhea.

TREATMENTS BASED ON A CLINICAL SETTING
OR AFTER A SPECIFIC DIAGNOSIS IS OBTAINED

As illustrated in Chapter 25, certain treatments can be implemented
in the appropriate clinical setting prior to subjecting the patient to an
extensive workup (for example, pancreatic enzyme supplementation in
a patient with chronic pancreatitis or the use of bile acid-binding resins
after ileal surgery). In other instances, therapy should be initiated only
after a specific diagnosis is made (for example, instituting a gluten-
free diet after the diagnosis of celiac disease; prescribing clonidine in
a patient having “diabetic diarrhea”; starting octreotide for a neuroen-
docrine tumor-associated diarrhea; administering antibiotics in small
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bowel bacterial overgrowth; or initiating budesonide in a patient with
collagenous colitis).

Empiric treatment can be considered if no specific cause is identified.

Antibiotic Therapy
Despite the clear role of empiric antibiotic therapy for acute diarrheal
illnesses, particularly in travelers to areas with a high prevalence of
infectious diarrhea or in hospitalized patients, there is no such set role
in chronic diarrhea. In patients with chronic diarrhea, an empiric trial
of antibiotics can be considered if the prevalence of infection is high in
the community.

Anti-diarrheal Agents
The mechanism of action of most anti-diarrheal agents involves an
interplay between an alteration in intestinal motility, increase of stool
consistency, and mild absorptive or anti-secretory effects. These prop-
erties work together in aiding the absorption process by keeping fluid
in the intestine and thus in contact with the mucosa for a longer
period of time. In treating chronic diarrhea, it is of clinical impor-
tance to note that after the fact dosing is not appropriate. Instead,
maximal benefit is achieved from scheduled dosing at bedtime or before
meals.

Table 26.2 summarizes some of the agents that can be used as empiric
or as a specific treatment of chronic diarrhea, which are reviewed in
detail below.

Agents Used as Empiric or Specific Treatment of Chronic
Diarrhea

Silicates are very safe medications, which function by binding bacterial
enterotoxin. Kaolin and Attapulgite are the two drugs in this group.

Kaopectate: (kaolin + pectin) kaolin is a form of aluminum silicate
and pectin is a carbohydrate, which is extracted from the rind of citrus
fruit. In combination they bind bacterial toxins in the gastrointestinal
(GI) tract and can change stool consistency. Kaopectate contained atta-
pulgite until 2003 at which time its efficacy was questioned by the Food
and Drug Administration (FDA). Kaopectate is still available in Canada
but in the USA its formulation has been changed to contain bismuth
subsalicylate.

Attapulgite: This binds to toxic substances in the GI tract. With lim-
ited efficacy, it can be used as an anti-diarrheal agent at a standard dose
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Table 26.2
Treatment of Chronic Diarrhea

Drug class Agent Dose

Silicates Kaopectate 30 ml every 30–60 min as
needed. Max eight doses
daily

Bulk-forming agents Psyllium 10–20 g daily
Polycarbophil 5–10 g daily
Methylcellulose 5–20 g daily

Intraluminal agents Bismuth 1 fluid ounce or two tablets
every 30 min for up to eight
doses in a 24-h period

Bile acid resins Cholestyramine 4 g up to four times a day
Colestipol 4 g up to four times a day

Opiates Paregoric 5–10 ml, one to four times a
day

Loperamide 2–4 mg four times a day
Codeine 15–60 mg four times a day
Tincture of opium 2–20 drops or 0.6 ml four

times a day
Diphenoxylate 2.5–5 mg four times a day
Morphine 2–20 mg four times a day

Enkephalinase inhibitor
(δ-opiate receptor
effects)

Racecadotril 1.5 mg/kg three times a day

Anticholinergics Hyoscyamine 0.125–0.25 mg six times a
day

Dicyclomine 20 mg four times a day
Methscopolamine 2.5 mg four times a day
Glycopyrrolate 1–2 mg two to three times a

day
Somatostatin analogue Octreotide 50–250 μg three times a day
Ca channel blockers Verapamil
Alpha 2 adrenergic

agonists
Clonidine 0.1–0.3 mg three times a day

of 600 mg up to seven times a day. These agents can be used in tube-fed
patients to reduce the diarrhea associated with this type of feeding [8].

Bulk-forming agents are hydrophilic colloids that promote the reten-
tion of water by stool and lead to the formation of a gel. Stool fluidity is
reduced by altering the texture and increasing the viscosity of the stool.
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Bloating and abdominal pain are the most common side effects expe-
rienced. Patients suspected of having any type of stricture of their GI
tract should not be treated with these agents. Also of note, even though
these agents are not absorbed systemically, they may decrease the effect
of other medications like warfarin, digoxin, and potassium-sparing
diuretics [9].

Psyllium is a natural soluble fiber that is derived from the husks of
the seeds of the plant, Plantago ovata. It is a bulk-forming agent that
absorbs water in the colon and adds firmness to the stool. The change
from watery to semi-formed stools will lead to improvement in patient
symptomatology and will result in an increase in stool weight. Psyllium
has been shown to improve fecal consistency and viscosity in subjects
with experimentally induced secretory diarrhea using phenolphthalein
[10]. It has become part of the treatment plan implemented in a variety
of diseases including irritable bowel syndrome (IBS), chronic diarrhea
of unknown etiology, fecal incontinence of loose stool [11], diarrhea
associated with HIV infection [12], diarrhea associated with tube feed-
ing [8] (without clogging the feeding tube at therapeutic doses) [13],
and collagenous colitis [14].

In a pilot study, Murphy et al showed that psyllium effectively con-
trolled radiation-induced diarrhea by decreasing stool frequency and
symptom severity [15].

Methylcellulose is a semi-synthetic fiber derived from cellulose. It
is non-digestible, non-toxic, and non-allergenic. It increases stool bulk
and regulates its consistency by sequestering water from liquid stool
giving it a role in the treatment of both diarrhea and constipation.

Polycarbophil is a semi-synthetic fiber with marked hydrophilic
capacity in a dilute, alkaline environment. It has been used in the treat-
ment of non-specific diarrhea and IBS. It appears to be safe with a
high therapeutic index and usually does not interfere with digestion or
absorption when used in its recommended dose. However, its beneficial
effect may take several days to manifest [16]. Polycarbophil appears to
increase colonic transit time in patients with IBS-diarrhea predominant
thus decreasing bowel frequency. An improvement in the abdominal
pain associated with this syndrome has also been observed [17].

It has also been shown to decrease nighttime soiling in patients
who have undergone colectomy with ileal J-pouch anal anastomosis for
ulcerative colitis [18].

Bismuth subsalicylate has been used for many decades to treat diar-
rheal illnesses. Although it is less effective than loperamide, it can
decrease the number of unformed stools when compared to placebo
[19]. Its mechanism of action is unknown, but it appears that the
salicylate moiety may function via anti-secretory action. It also has



450 Soriano and Vaziri

bactericidal and anti-inflammatory properties. Its use in the treatment
of microscopic colitis has been demonstrated, although with limited
supporting data [20, 21].

Bismuth subsalicylate is a very safe option for treating mild diar-
rhea and has been used as an effective prophylactic/treatment agent
for traveler’s diarrhea in adults, but its use in children has been ques-
tioned secondary to the theoretical risk of developing Reye’s syndrome,
encephalopathy and salicylate intoxication with prolonged use [22, 23].
Therefore, it is not recommended in children less than 3 years of
age and in those with viral illnesses. Other potential adverse effects
that can be seen with its use include tinnitus and hyperpigmentation
of the tongue and stool. It is recommended that the treatment period
should not exceed 6–8 weeks and it should be followed by 8 weeks
of bismuth-free intervals to decrease the rare incidence of bismuth
toxicity [24].

Cholestyramine is a bile acid binder, which can be used for bile acid-
induced diarrhea occurring after cholecystectomy or after small bowel
resection [25–28]. It has also been used for treatment of pseudomem-
branous colitis [29–31], microscopic colitis [32–38], and chronic diar-
rhea associated with diabetes [39]. It has been shown to provide rapid
and adequate relief of symptoms in diarrhea secondary to colitis not oth-
erwise specified [34]. Case reports of patients with quinidine-induced
diarrhea that have benefited from treatment with cholestyramine have
been published [40]. In human immunodeficiency virus (HIV) patients
with chronic diarrhea that is unresponsive to conventional anti-diarrheal
treatment, a trial of bile acid sequestrating agents can sometimes be
helpful, especially if they have bile acid malabsorption [41, 42].

Of note, bile acid-binding resins can bind other medications taken
concurrently thus retarding their absorption. It is therefore important to
dose these medications separately. High doses should be avoided given
the risk of steatorrhea.

Budesonide is a glucocorticoid, which has a high affinity for the glu-
cocorticoid receptor but undergoes extensive first-pass metabolism in
the liver resulting in minimal systemic action. It has been used in sev-
eral disease processes that respond to steroids with good outcomes, but
with less systemic adverse effects.

Budesonide is approved by the FDA for use in patients with mild to
moderate Crohn’s disease of the ileum or ascending colon to maintain
clinical remission for a 3-month period of time.

It has also proven beneficial in inducing disease remission in patients
with microscopic colitis [43]. However, its benefit on a long-term basis
has not been investigated well and disease relapse has been observed
after its cessation [44].
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Opiates and opiate-like medications are the most effective, non-
specific anti-diarrheal treatment available. Whether the primary mech-
anism by which these agents exert their effect is via their anti-secretory
properties versus their slowing of bowel transit is controversial [45–49].
Intestinal transit is mostly affected in the stomach and proximal intes-
tine but in therapeutic doses, opiates also work in the proximal colon,
rectum, and at the anal sphincter [50, 51].

Caution is advised when using anti-peristaltic agents in cases of
infectious diarrhea as the resulting stasis may increase microorganism
invasion and prolong the carrier state. This concern originated with a
study showing prolonged fever in subjects with induced shigellosis who
received lomotil [52]. The risk of toxic megacolon precludes the use of
these agents in severe inflammatory bowel disease (IBD).

Another concern when using opiates and their derivatives is addic-
tion. In most instances, physicians do not prescribe opiates at the
dose and frequency that is needed to treat chronic diarrhea. Tolerance
to the anti-diarrheal effect of these agents is rare and the effective
dose remains the same for months to years [53]. With the excep-
tion of patients with a history of drug abuse, these medications are
rarely abused when carefully monitored by a health-care practitioner.
Loperamide and diphenoxylate should be prescribed first as they have
the least addiction potential [54].

In addition to their risk of addiction, other side effects of these
agents are respiratory depression, central nervous system (CNS) depres-
sion and delayed gastric emptying with resulting nausea and vomiting.
Drugs in this category include paregoric, loperamide, codeine, tincture
of opium, diphenoxylate with atropine, and racecadotril.

Paregoric: Also known as camphorated tincture of opium, paregoric
has been used for many years for the treatment of diarrhea. It should not
be confused with uncamphorated tincture of opium (usually referred
to as “tincture of opium”) as there is a difference between the two.
Tincture of opium has 10 mg of morphine in each milliliter while pare-
goric has only 0.4 mg of morphine in each milliliter making it necessary
to use larger quantities for the treatment of diarrhea.

Loperamide: Available over the counter, as imodium, loperamide is
chemically related to narcotics, such as morphine. It does not, however,
possess any of the narcotic analgesic properties or their euphoric effects
even when used at high doses given its inability to cross the blood–brain
barrier. Caution should be taken when it is used in patients with hepatic
diseases as it undergoes extensive first-pass metabolism and can cause
severe side effects including CNS depression.

The liquid form of loperamide can be used in treating tube feed-
induced diarrhea. It has also been shown to be superior to placebo
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in treating chronic diarrhea caused by ileocolic disease or resection
[55]. In a study comparing codeine phosphate, diphenoxylate, and lop-
eramide, loperamide proved to be as effective as the other two with
a better safety profile [56]. Although loperamide has been shown to
reduce the duration of diarrhea in children, it should not be used in
the management of acute diarrhea in this age group, given its potential
life-threatening effects [7].

Codeine is an alkaloid found in opium. It is considered a prodrug as it
is metabolized in vivo to the primary active compounds, morphine and
codeine-6-glucuronide. Continuous use can induce physical depend-
ence and addiction, however it is less addictive than other opiates with
milder withdrawal symptoms.

Tincture of opium is an alcoholic herbal preparation of opium. It is
a very potent narcotic secondary to its high concentration of morphine
(10 mg/ml). Its clinical use is currently mostly limited to treating fulmi-
nant diarrhea that is unresponsive to other therapies. The typical dose
of tincture of opium for the treatment of diarrhea is five drops by mouth
four times a day, although refractory cases may require higher doses.
When it is not available, liquid morphine (Roxanol) can be used but the
dose needs to be cut in half as it is twice as concentrated as tincture of
opium [51].

Diphenoxylate with atropine: Diphenoxylate is a synthetic phenyl-
piperidine derivative opiate agonist that is less potent than codeine.
When used in high doses, it can cause euphoria and has analgesic
effects. To limit the potential for abuse, atropine is added to diphenoxy-
late to produce anticholinergic side effects if more than 10 tablets are
taken [51].

Racecadotril is an enkephalinase inhibitor with an anti-diarrheal
effect. It has been proven effective and safe in hospitalized young chil-
dren with acute watery diarrhea [57]. By inhibiting enkephalinase, the
enkephalines can activate the opioid receptor and inhibit the secretion
of chloride and fluid. This anti-secretory effect is independent of its
effect on intestinal motility, which is a distinct property of this com-
pound when compared to μ-opiate receptor agonists such as loperamide
and diphenoxylate. The recommended dose is 100 mg three times a day
for adults and 1.5 mg/kg three times a day for children. Racecadotril
does not enter the CNS limiting its potential for neurotoxicity. Its use
in young children, less than 2 years of age, in whom the blood–brain
barrier is immature, can lead to CNS depression [58]. In addition, well-
designed prospective studies of efficacy and safety should be carried
out in children in the outpatient setting.

Anticholinergics function via an effect on bowel motility. Several
side effects can result with their use including dry mouth, dizziness,
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drowsiness, nausea, and blurred vision. Concurrent use of other med-
ications with anticholinergic activity, such as tricyclic antidepres-
sants, monoamine oxidase inhibitors, antihistamines, phenothiazines,
antimuscarinics, and some of the antipsychotics can worsen these
potential adverse effects.

Atropine is an anticholinergic drug, which competitively antagonizes
the muscarinic receptor. Its use in the treatment of diarrhea is limited
secondary to its possible side effects.

Hyoscyamine can be used as a sublingual preparation or extended
release preparation. Its role in the treatment of diarrhea lies primarily in
patients with diarrhea-predominant IBS.

Dicyclomine is similar to hyoscyamine, however there is no sublin-
gual form available.

Methylscopolamine is also very similar to hyoscyamine but again
there is no sublingual form available and it is more expensive than the
other two.

Glycopyrrolate is once again similar to hyoscyamine but it has mini-
mal CNS penetration, which results in less dizziness and drowsiness.

Octreotide is a somatostatin analogue, which is routinely used for
treating more severe diarrhea resulting from carcinoid tumors and
other neuroendocrine tumors [59]. It functions mainly by suppressing
hormone secretion from tumor cells. In addition, it decreases gastroin-
testinal motility as well as fluid and electrolyte secretion. Octreotide can
also be used in other types of refractory diarrhea such as that associated
with acquired immunedeficiency syndrome (AIDS), chemotherapy,
short gut syndrome, dumping syndrome, and graft versus host disease
[60–63]. If there is no response to octreotide after two 2 weeks of use, it
should be discontinued given its expense and the unlikelihood of a late
response. Its role as a non-specific anti-diarrheal drug is limited [53].

Calcium channel blockers (CCBs): Calcium has an important role in
the physiology and pathophysiology of gut smooth muscle cells and
enteric neurons. CCBs have been used in the treatment of diarrhea
resulting from microscopic colitis [64] and diarrhea-predominant IBS
by their prolongation of colonic motility [65].

Clonidine is an α2-adrenergic agonist, which works mainly by an
alteration of gut motility with an affect on intestinal transport. It
stimulates sodium and chloride absorption and inhibits chloride secre-
tion by interacting with its receptor on enterocytes [66–68]. It is
mainly prescribed for patients with diabetic diarrhea [69], but it can
also be used for secretory diarrhea of unknown etiology and diar-
rhea associated with opiate withdrawal [70]. Successful treatment of
carcinoid-associated diarrhea with clonidine has been reported [71].
Secondary to its hypotensive effect, the use of clonidine is limited to
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cases of diarrhea refractory to opiates. Patients undergoing treatment
with clonidine need to be hydrated well to decrease the risk of severe
hypotension.

Phenothiazines are rarely used for the treatment of diarrhea. They
function by altering bowel motility and cause a decrease in secretory
action.

Proton pump inhibitors and histamine2 (H2) antagonists can be
used to treat diarrhea associated with Zollinger–Ellison syndrome and
systemic mastocytosis by decreasing gastric acid secretion.

Histamine1 (H1) antagonists can be used in the treatment of diar-
rhea associated with systemic mastocytosis via a decrease of intestinal
secretions.

Serotonin antagonists can be used in patients with carcinoid syn-
drome. They can alter gut motility and decrease intestinal secretions.

Probiotics are live microorganisms, which confer a health benefit
to the host if taken in adequate amounts. They can reduce the inci-
dence and severity of antibiotic-associated diarrhea [72–76], which is
dependent on the strain and dose of the probiotic used. Their use in
immunocompromised patients and ones with a compromised intestinal
barrier should be done cautiously. Probiotics can also be used in

Table 26.3
Probiotics used in gastrointestinal diseases

Product Strain Indication Dose

Align Bifidobacterium
infantis

IBS 1 capsule daily

Florastor Saccharomyces
boulardii

AADa, CDADb 1 capsule twice a day

Culturelle Lactobacillus
rhamnosus GG

Gas, bloating 1–2 capsules daily

VSL#3 B. Bev, B. longum,
B. infantis

L. acidophilus,
L. bulgaricus

L. plantarum,
L. casei,
Streptococcus
thermophilus

IBS, UC, pouchitis 0.5–8 packets daily

aAntibiotic Associated Diarrhea
bC. Difficile Associated Diarrhea
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travelers’ diarrhea, diarrhea-predominant IBS, ulcerative colitis, and in
the prevention of pouchitis. See Table 26.3 and the following chapter
for a more detailed discussion on their use in diarrheal diseases.
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Summary

In recent years, a large body of literature has been generated on the
use of probiotics. Regarded initially as alternative medicine, pro-
biotics – mostly lactic acid bacteria – has gained their position in
mainstream medicine, after a robust research activity covering both
in vitro and in vivo studies, as well as randomized clinical tri-
als. In terms of diarrheal diseases, the most promising applications
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appear in the prevention and/or the treatment of acute gastroenteri-
tis, antibiotic-associated diarrhea, neonatal-necrotizing enterocolitis,
and ulcerative colitis. It should be kept in mind that different strains
of probiotics have different specificities, so no generalizations on
the efficacy (or lack thereof) of “probiotics” should be made. This
chapter will analyze the evidence for the use of probiotics in such
diarrheal diseases; in some cases this is quite consolidated, in others
still emerging.

Key Words: Probiotics, Diarrhea, IBD, IBS, NEC, VSL#3, Lactobacillus
GG, Saccharomyces boulardii, Bifidobacteria

INTRODUCTION

Diarrheal diseases continue to represent a major threat to global health.
The widespread use of oral rehydration solutions and the slowly
improving hygienic standards in developing countries have resulted in a
substantial decline in mortality from acute diarrhea, especially in young
children. Mortality continues to be unacceptably high in these areas. It
is currently estimated that approximately 1.6 million children below
the age of 5 die each year from the immediate consequences of sev-
eral billion episodes of diarrhea. In developed countries, on the other
hand, while the burden of mortality from diarrheal diseases has largely
regressed to now be considered marginal, these disorders still retain
a high impact in terms of morbidity and of associated financial and
social costs that range from hospitalizations to absenteeism from work
and/or school, etc. The relatively recent introduction of an effective vac-
cination against rotavirus (that remains the single most common cause
of acute-onset diarrhea worldwide) is expected to help reduce such a
burden. It is nevertheless clear that even in developed countries there
is currently a need for preventative and therapeutic strategies aimed
at reducing the incidence, severity, and duration of acute diarrheal
episodes. In the past several years a considerable amount of research has
been done to verify if appropriate utilization of some probiotic strains
may be the answer.

Most of the evidence currently available on the role of probiotics in
treating or preventing acute diarrheal episodes originate from studies
in infants and young children. This represents the age group in which
diarrhea is more problematic, due do the higher risk of dehydration and
electrolyte imbalances. It should also be noted that probiotics have been
extensively evaluated in other gastrointestinal conditions associated
with diarrhea such as necrotizing enterocolitis, antibiotic-associated
diarrhea, and inflammatory bowel diseases (reviewed in [1]).
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CLINICAL TRIALS IN THE PREVENTION
AND/OR TREATMENT OF ACUTE DIARRHEA

As in many other inflammatory disorders, both gastrointestinal and
extra-intestinal, the most studied probiotics for children and adults
with acute diarrhea are bacteria of the genera Lactobacillus or
Bifidobacterium, used either as single species or in mixed cultures with
other bacteria (see Table 27.1). Other nonpathogenic genera, including
Escherichia, Enterococcus, Bacillus, and nonbacterial organisms, such
as the nonpathogenic yeast Saccharomyces boulardii, have also been
extensively investigated. The yogurt-producing bacteria, Lactobacillus
bulgaricus and Streptococcus thermophilus also have received some
attention, especially in preventing diarrhea.

Table 27.1
Main probiotics in prevention and/or treatment

of diarrhea

Strain Type

Lactobacillus acidophilusa

bulgaricusa

caseia

rhamnosus GG
johnsonii
paracasei
plantaruma

reuteri
salivarius

Bifidobacteria animalis
bifidum
brevea

infantisa

lactis
longuma

Escherichia coli Nissle 1917
Streptococcus salivarius ssp. thermophilusa

Enterococcus fecium
Yeasts Saccharomyces boulardii

aPresent in combination in the preparation
“VSL#3”.
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PREVENTION OF DIARRHEA

Community Acquired
Only a few studies are available addressing the efficacy of probiotics in
preventing the onset or mitigating the severity of community-acquired
diarrhea. One of them is a prospective study by Oberhelman et al. [2] in
a rural community in Peru. The study followed more than 200 infants
and young children, mostly malnourished, receiving Lactobacillus GG
(LGG) or placebo for 15 months. There were significantly fewer diar-
rheal episodes in children treated with LGG compared with placebo
(5.2 vs. 6.0 episodes per child per year; p = 0.028). The benefit was
particularly evident in non- breastfed children aged 18–29 months, as
they experienced one fewer episode per child per year (p = 0.005).

Pereg et al. [3] followed 500 adults who were assigned to either
yogurt-containing L. casei 1010 CFU/day or placebo. The incidence
of diarrhea in the probiotic group and the control group was 12.2 and
16.1%, respectively, but the difference was not statistically significant.

Day-Care Acquired
Infants and young children attending day-care centers are notoriously
at higher risk for common infectious diseases, including upper respira-
tory tract infections and diarrhea. Several randomized controlled trials
(RCT) have been published on the efficacy of probiotics in decreas-
ing the incidence and shortening the duration or severity of diarrheal
episodes in this setting.

In a study published in 2000 [4], a yogurt-containing L. casei
was administered to healthy children, 6–24 months of age, attending
day-care centers for 12 weeks, followed by 6 weeks with no supple-
mentation. A total of 779 children completed the study. The incidence
of diarrhea between the treated and placebo groups was significantly
different. Twenty-two percent of children in the control group had at
least one attack of diarrhea compared to 15.8% of the children in the
treatment group.

The efficacy of LGG was subsequently evaluated in a multicenter
trial conducted in Finland in preschool children [5]. The probiotic was
provided in milk with a concentration of 5 × 1010 CFU/ml and the
reported intake was at least 200 ml/day for 30 weeks. No significant
difference was observed between the study and the control groups in
terms of frequency or severity of the episodes of diarrhea.

In an RCT, French investigators assessed the incidence of acute diar-
rhea in over 900 infants (4–6 months of age) who were fed a formula
enriched by Bifidobacterium breve and S. thermophilus for a prolonged
period of time [6]. Again, no significant difference was found in the
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incidence or duration of the diarrheal episodes or the number of hos-
pital admissions. It must be noted, however, that the children in the
probiotic-supplemented group experienced less severe episodes. They
in fact had fewer instances of dehydration (2.5% vs. 6.1%, p = 0.01)
and required fewer medical consultations (46% vs. 57%, p = 0.003),
oral rehydration solution prescriptions (42% vs. 52%, p = 0.003), and
formula changes (59% vs. 75%, p = 0.0001).

A multicenter RCT to evaluate the efficacy of a formula supple-
mented with Bifidobacterium lactis strain Bb12 in the prevention of
acute diarrhea in infants younger than 8 months living in residential
nurseries or foster-care centers was conducted by another group of
investigators also based in France [7]. Ninety healthy children received
either the Bb12 or a standard formula daily throughout their stay in
the residential center for a total of almost 5 months. Also in this trial,
the probiotic did not reduce the incidence of diarrhea when compared
with placebo (28.3% vs. 38.7%). The only significant difference noticed
was in the number of days with diarrhea; the Bb12 group had 1.15 ±
2.5 days with diarrhea, with a daily probability of diarrhea of 0.84 vs.
2.3 ± 4.5 days and 1.55, respectively, in the control group (p = 0.0002
and 0.001).

Saavedra et al. [8] conducted a study in the United States compar-
ing two different concentrations of B. lactis Bb12 + S. thermophilus
in formulas (either 1 × 107 or 1 × 106 CFU/g) in 118 children, 8–24
months of age. No significant differences were found between the two
groups in growth, health-care attention seeking, day-care absenteeism,
prevalence of diarrheal episodes, or other health variables.

In 2005, Weizman et al. [9] compared two different strains of
probiotics: B. lactis Bb12 vs. L. reuteri provided in formula as
1 × 107 CFU/g. The study was carried out for 3 months on almost 200
infants 4–10 months of age. In this case, both probiotics performed bet-
ter than placebo for the number of diarrheal episodes (0.3 ± 0.1 vs.
0.1± 0.08 for Bb12 and 0.02± 0.01 for L. reuteri, p < 0.001) and days
with diarrhea (0.6 ± 0.2 vs. 0.4± 0.1 for Bb12 and 0.15± 0.10 for
L. reuteri, p< 0.001).

In 2007, Binns et al. [10] reported on the efficacy of a milk prod-
uct containing probiotics and prebiotics on the incidence of diarrhea in
almost 500 children attending 29 day-care centers in Perth, Australia.
The probiotic employed was B. lactis (1.2 × 1010 CFU/day adminis-
tered with a prebiotic blend) for 5 months. Even though the incidence
of diarrhea was not significantly different between the study and the
control group, the children in the study group had significantly fewer
days with four or more stools, representing a reduction of about 20% in
diarrheal rate.
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The existing evidence suggests that the efficacy of probiotics in pre-
venting diarrheal episodes in infants and children attending day-care
centers or similar institutions, where the risk of acquiring infec-
tious diarrhea is higher, is quite modest and of minimal clinical
relevance.

Hospital Acquired
Patients in hospital wards are especially at risk of developing infec-
tious diarrhea. In most instances, these episodes are due to a rapidly
spreading Rotavirus infection and in fewer instances Clostridium dif-
ficile. Both agents can cause serious consequences, especially in ill
infants and children that are already weakened by their underlying ail-
ment, as well as in the elderly. Probiotics would therefore represent
a welcome addition to the limited means available in preventing this
disorder.

However, only a limited number of RCTs have evaluated the efficacy
of probiotics for this purpose with conflicting results [11–13]. After
careful analysis of these trials, it can be concluded that probiotics might
have a role in protecting hospitalized patients from clinically significant
diarrheal illness caused by rotavirus and possibly C. difficile. Further,
adequately powered studies are needed to examine this possibility and
compare different strains and doses of probiotics.

Traveler’s Diarrhea
Diarrhea of acute onset, a common health problem, may affect from 5 to
50% of travelers, depending on the country being visited. The disorder
is usually self-limited but up to 10% of the cases will develop persistent
diarrhea of which, about 10% will eventually evolve into post-infectious
irritable bowel syndrome. Many studies have therefore looked at
the utilization of probiotics as a tool to prevent this bothersome
event.

In a meta-analysis of 12 trials, McFarland [14] concluded that probi-
otics were able to prevent travelers’ diarrhea significantly, based on the
pooled relative risk (RR=0.85, 95% CI 0.79–0.91, P < 0.001). When
analyzing the effect of single strains, it was evident that S. boulardii
and a mixture of L. acidophilus and B. bifidum had significant efficacy.
Importantly, no serious adverse reactions were reported in any of the 12
trials. Considering the possible reduction in the incidence of travelers’
diarrhea and consequently the post-infectious irritable bowel syndrome,
it appears that the preventive usage of either one of these probiotics
could be helpful.
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PREVENTION OF ANTIBIOTIC-ASSOCIATED DIARRHEA

Up to 40% of children and adults receiving oral antibiotics may develop
diarrhea, which can be due to various causes, including C. difficile.
In a recent meta-analysis published on the potential use of probi-
otics in preventing the incidence of antibiotic-associated diarrhea in
children [15], 2000 children were evaluated. The most commonly inves-
tigated probiotics were Lactobacilli, Bifidobacteria, streptococci, and S.
boulardii. The meta-analysis found that administration of either LGG
or S. boulardii, but not other probiotic strains, reduced the incidence of
antibiotic-associated diarrhea significantly.

TREATMENT OF ACUTE DIARRHEA

Arguably the most logical application for probiotics, the treatment of
infectious diarrhea, has been the subject of extensive investigation.
There are multiple publications since the mid-1990s with some
excellent reviews addressing the role of probiotics in the treatment or
prevention of diarrhea.

The probiotic strains most studied are LGG (17 clinical trials at
the time of this writing [15–31], mostly randomized and placebo con-
trolled), S. boulardii (six RCTs [17, 32–36]), and L. reuteri (four studies
[37–40]), while other species such as Escherichia coli Nissle’ 1917
[41–42], the heat-killed L. acidophilus LB [43–44] and the probiotic
mixture VSL#3 [45] have also been investigated, but received far less
attention in this matter. Several meta-analyses are available that assess
the efficacy of such probiotics.

In spite of some negative studies, it seems that the usage of
Lactobacillus GG may cause a significant reduction in the duration of
diarrhea. In a recent meta-analysis of 7 RCTs evaluating almost 1000
infants and young children [46] an average reduction of 1.1 days was
seen with a 95% CI of 1.9–0.3. It also appears that Lactobacillus GG
is most effective in rotavirus-induced diarrhea, where it may decrease
the duration of diarrhea by 2.1 days. Furthermore, we evaluated the
risk of running a protracted diarrheal illness (more than 7 days) in
an RCT evaluating 287 patients [19] and found significant reduc-
tion in its incidence by using Lactobacillus GG (RR: 0.25; 95% CI:
0.09–0.75).

The effect of probiotics on the duration of hospitalization was evalu-
ated in 535 patients in 3 RCTs and it was found that on average, there
is a reduction by 1 day in the length of hospitalization. In two open
label trials [20, 22] LGG administration could reduce the duration of
rotavirus shedding which probably has epidemiologic significance.
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Overall these data provide a rather robust evidence of efficacy for
Lactobacillus GG in the treatment of acute diarrhea. One should, how-
ever, note that Lactobacillus GG appears to be less effective in bacterial
diarrhea. It is also important to point out that correct dosage of this pro-
biotic is crucial for its efficacy, with doses above 5 billion (5 × 109

CFU) per day being necessary.
Similar efficacy was shown for S. boulardii. In a recent re-assessment

of a previously published meta-analysis [47, 48], Vandenplas et al. ana-
lyzed data from the pooled results of 6 RCTs involving 756 children. It
was concluded that compared to placebo or no intervention, S. boulardii
reduced the duration of diarrhea by almost 1 day.

This probiotic was comparable to LGG in preventing a protracted
course of diarrhea.

L. reuteri was studied alone [30, 40] or in combination with
L. rhamnosus 19070-2 [38, 39] for its efficacy in reducing the duration
of acute-onset diarrhea in children hospitalized or having diarrhea while
in day care. In all circumstances the probiotic appeared to be able to
reduce the duration of diarrhea, especially in cases caused by rotavirus,
and shorten its shedding [39]. However, as only two groups of investi-
gators have published results for this strain, general conclusions cannot
be safely drawn at this time.

In a recent study in Nigeria [37], a combination of L. reuteri (strain
RC 14) and L. rhamnosus GR-1 was used in 24 adult female with
HIV/AIDS, who were suffering from moderate diarrhea. Their CD4
counts were above 200 and none of them were receiving any anti-
retroviral treatment or dietary supplements. Diarrhea resolved in 12/12
probiotic-treated subjects within 2 days, compared to 2/12 receiving
yogurt for 15 days. While it would obviously be premature to apply
these findings to clinical practice, it is exciting to see the appearance of
potential applications for probiotics in these clinical settings.

As mentioned, E. coli Nissle’ 1917 was also studied in two RCTs
[41, 42]. Both investigations were multicenter trials which were con-
ducted in Russia and Ukraine by the same group. Both studies showed
a significant superiority of the probiotic compared to placebo in obtain-
ing a faster recovery from acute-onset diarrhea in infants and toddlers
[41]. A shorter duration of diarrhea lasting more than 4 days at study
enrollment in young children was also seen [42].

VLS#3, a patented preparation containing seven different strains of
probiotics, was used in an RCT conducted in India on 224 children with
acute, rotavirus-induced diarrhea and proved to be significantly better
than placebo in a preliminary report [45].

In summary, only a few probiotic strains have demonstrated efficacy
in the treatment of diarrhea, especially acute-onset, infectious diarrhea
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in children and to a much lesser degree in adults. This is particularly
true with rotavirus-induced diarrhea, especially if administered early in
the course. It is important to know that the clinical relevance of such
effect is moderate, as no more than 1-day reduction of disease duration
should be expected. Only a few specific strains so far have evidence-
based proof of efficacy, for which the dosage is crucial.

TREATMENT OF PERSISTENT DIARRHEA

Limited studies have been done addressing the application of probi-
otic therapy in treating children presenting with persistent diarrhea.
One RCT was conducted in Argentina [50] with S. boulardii in which
89 children (6–24 months of age) received milk supplemented with
L. casei and L. acidophilus strains CERELA 1010–1012 CFU/g, or
S. boulardii 1010–1012 CFU/g twice a day for 5 days, while a third
group received a placebo milk. Both Lactobacillus and S. boulardii sig-
nificantly reduced the number of stools per day (p<0.001) and diarrheal
duration (p < 0.005). Similarly, both probiotics significantly (p < 0.002)
reduced vomiting as compared with placebo.

A second RCT [16] was performed with LGG in 235 Indian children,
most of whom were malnourished, hospitalized for diarrhea lasting
more than 14 days. The study showed the mean duration of diarrhea
to be significantly lower in the cases than in controls (5.3 vs. 9.2 days,
p < 0.05). Also, the duration of hospitalization was greatly reduced in
children on LGG supplement (from 15.5 to 7.3 days, p < 0.05).

Clearly, no conclusions can be drawn based on only two trials. It is
encouraging that probiotics may not only help in preventing diarrhea
from running a prolonged course, as mentioned earlier, but can help in
abbreviating the course of an already persistent diarrhea. This would be
of particular importance in developing countries where malnutrition is
still widespread.

PREVENTION OF NECROTIZING ENTEROCOLITIS
IN THE NEWBORN

Necrotizing enterocolitis (NEC) is a very severe occurrence in pre-
mature infants, especially in those who are of very low birth weight
(VLBW), with an incidence of around 3%. This complication occurs
only in non-exclusively breastfed babies and has a multifactorial eti-
ology including enteral feeding, pathogenic organisms, and altered
enteric mucosal integrity. Predisposing factors include prematurity,
low birth weight, mechanical ventilation, use of glucocorticoids and
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indomethacin, and low Apgar score at 5 min. NEC carries a substan-
tial risk of complications, including intestinal failure owing to ischemia
and/or subsequent resections, and carries a substantial mortality
rate.

Probiotics containing Bifidobacterium and Lactobacillus are found
in the stools of 5% of VLBW infants, and low colonization has been
implicated as a predisposing factor for NEC.

Several investigations have been performed in at-risk premature
infants to assess the potential of probiotics in preventing such omi-
nous complications. A meta-analysis published in 2009, [51] assessed
nine RCTs that enrolled preterm infants <37 weeks gestational age
and/or <2500 g birth weight. A total of 1425 infants were included.
The probiotics used were LGG, L. acidophilus, Bifidobacterium infan-
tis, B. breve, L. bifidus, S. thermophilus, B. infantis, S. boulardii.
The results showed that enteral probiotic supplementation significantly
reduced the incidence of severe NEC and of mortality. A subsequent
large multicenter study conducted on more than 400 preterm infants
by Lin and colleagues also showed a highly significant protective
effect of L. acidophilus and B. bifidus [52]. The patients receiving this
supplementation were, in fact, much less likely to experience NEC
of grade II or higher and even to die of unrelated causes. Given the
hypothetical risk of administering live bacteria to such vulnerable,
immunologically immature subjects, some caution must be exerted. The
data available thus far are indeed very exciting and offer great hope for
the prevention of NEC.

USE OF PROBIOTICS IN INFLAMMATORY BOWEL
DISEASES

The potential for use of probiotics in these conditions appears great
(reviewed in [53]), especially in light of the fact that the microflora
plays an important role in inflammatory bowel disease (IBD). In spite
of this, however, there is limited evidence available supporting the
usefulness of probiotics in this condition [1].

Crohn’s Disease
Only a few double-blind, placebo-controlled studies are available
addressing the efficacy of probiotics in inducing and/or maintaining
remission in patients with Crohn’s disease. The majority of these
studies are in adults, with invariably negative results [54].
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Ulcerative Colitis
More promising results have been produced by the use of probiotics in
ulcerative colitis in adults (reviewed in [55]). Pediatric studies on the
role of probiotics in IBD have been recently reviewed in [1].

A pediatric trial was published on 29 children who received VSL#3
or placebo. Superior efficacy of this preparation when used along with
prednisone and mesalamine was seen, when compared to these drugs
alone [56]. Positive results of this probiotic mixture for adults with mild
to moderate ulcerative colitis were also obtained recently by Sood and
colleagues in a blinded, placebo-controlled study of 144 patients [57].
Although more evidence is needed, especially generated by large mul-
ticenter trials, it is fair to say that the prospective for a beneficial use of
probiotics in patients with ulcerative colitis is good.

CONCLUSIONS

In the last few years, the status of probiotics has gone from alternative
to main stream medicine, thanks to a remarkable body of investiga-
tions involving both basic science and a large number of well-conducted
clinical trials. The role of probiotics in diarrheal diseases can be
considered quite well documented in the treatment of acute diarrhea,
prevention of antibiotic-associated diarrhea, and prevention of traveler’s
diarrhea. Additional areas of extreme interest, which will undoubtedly
witness a vigorous research effort in the near future, are prevention of
hospital-acquired diarrheas, prevention of NEC, treatment of ulcerative
colitis, and the treatment of irritable bowel syndrome [58]. Table 27.2
lists possible uses of probiotics in diarrheal diseases based on current
available evidence.
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