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Foreword

As a medical student, I
still remember being lec-
tured about ‘intestinal dys-
bacteriosis’ and the bygone
theories of ‘autointoxica-
tion’ that prevailed in the
early 20th century and
which were expounded so
convincingly by Elie Metch-
nikoff who thought that the
ample reservoir of microbi-
al flora present in the gut
would generate toxins that
would disseminate in the organism and inevitably cause
its degeneration and senescence. A positive indican urine
test which was in vogue at that time purportedly estab-
lished an excessive metabolic activity of the intestinal
flora. While some clinicians prescribed massive colonic
irrigations to ‘clean the intestine’ of microbes, Metch-
nikoff advocated yoghurt as a means to modify some ad-
verse effects of the gut flora. He thus started the current
probiotic mode. The role of the gastrointestinal bacterial
flora in health and disease has attracted researchers for
more than a century.

The gut is a rather unique example of an organ har-
bouring an abundant commensal bacterial colony which
is often bound to interact with foreign pathogenic germs
ingested via contaminated food or water. As the oxygen
tension in the large bowel is very low, anaerobic bacteria
grow at the expense of other organisms such as strepto-
cocci and enterobacteria. The growth of some species may
be inhibited or promoted by the products of others.
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Changes in intestinal pH may also induce growth of some
acid-tolerant species over other organisms.

The workshop showed that 60-80% of the identified
intestinal flora cannot be cultivated and that the molecu-
lar structure of intestinal bacteria has been identified in
only 24% of them. I was really impressed by the fact that
in Crohn’s disease, 30% of intestinal bacteria belong to
species that are yet to be identified. We were also remind-
ed that there are differences between the flora present in
the colon and that excreted in the faeces: for instance,
lactobacilli are not found in faeces. Thus the microbio-
logical study of a faecal sample does not entirely reflect
the composition of the intestinal flora.

The study of gastrointestinal flora has clarified the
pathogenesis of intestinal bacterial overgrowth and other
intestinal infections, the role of Clostridium difficile in
antibiotic-related colitis, or the usefulness of antimicro-
bial therapy in such varied disorders as traveler’s diar-
rhea, inflammatory bowel disease, diverticular disease
of the colon, the irritable bowel syndrome or seemingly
unrelated problems such as hepatic encephalopathy.
Some of these conditions are causing heavy economic
burdens on the delivery of health services in most coun-
tries. In the year 2000 in the USA, the cost of colonic di-
verticulitis reached the impressive figure of 2,667 million
dollars while the global cost of intestinal infections gave
a figure of 2,238 million dollars. On the other hand, the
large decrease in the costs of peptic ulcer disease can be
rightly attributed to the identification of Helicobacter py-
lori as a major component of gastric pathology. This has
been a true landmark in the history of medical science in
the 20th century.



The current management of these frequent gastro-
enterological conditions and the role of the poorly ab-
sorbed antibiotic, rifaximin, has been at the centre of this
worthwhile workshop on Bacterial Flora in Digestive
Disease — Focus on Rifaximin, in which these topics and
their therapeutic options have been discussed in depth by
a distinguished group of Italian and Spanish clinicians
and investigators. The workshop provided extremely use-
ful information not easily available in this format on the
pathogenesis and the therapy of a variety of conditions
related to the microbiota of the gut. All presentations were
followed by lively discussions, skilfully moderated by
Professor Scarpignato. I am especially grateful to him and
to Professor Angel Lanas for preparing such an interest-
ing programme and selecting so appropriately a group of
outstanding speakers from Italy and Spain. Moreover, the
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final texts of the proceedings which Carmelo Scarpignato
has been so talented in editing, certainly represent much
more than the usual congress proceedings. This is a true
‘the state of the art’ that includes comprehensive reviews
foralarge variety of topics. It will be useful for many years
to come.

It was a great honour to preside this first encounter
between Italian and Spanish gastroenterologists which, it
is hoped, will have an adequate follow-up.

Francisco Vilardell

MD, DSc, FRCP, FRCP (E), FACP, FACG

Director Emeritus

Postgraduate School of Gastroenterology Hospital de Sant Pau
Universitat Autonoma, Barcelona, Spain

Past President, World Organization of Gastroenterology (OMGE)
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Preface

Hundreds of bacterial species make up human gut flo-
ra. The intestine has at least 400 different species of bac-
teria totalling over 10'% organisms. Of these, 99% are an-
aerobic bacteria. The gastrointestinal tract is then ex-
posed to countless numbers of bacterial species and
foreign antigens and has embedded a unique and complex
network of immunological and non-immunological
mechanisms to protect the host from potentially harmful
pathogens.

Altered gut microecology, reported in many gut-relat-
ed inflammatory diseases, is clearly a common phenom-
enon. Inflammation is accompanied by imbalances in the
intestinal microbiota. When the host-microbe interaction
1s disturbed, resident bacteria can induce an immune re-
sponse. Healthy individuals are generally tolerant to their
own microbiota, but such tolerance is impaired in pa-
tients with both organic and functional GI diseases. Al-
tered gut microbiota is also found in patients with extra
GI disturbances (like, for instance, rheumatoid arthritis
and allergic disease), indicating that the normal gut mi-
crobiota constitutes an ecosystem responding to and reg-
ulating inflammation both in the gut and elsewhere in the
body.

The advancement of the knowledge on microbial-gut
interactions in health and disease has allowed a more
pathophysiologically-oriented approach to several chal-
lenging clinical conditions. There are currently two ways
to manipulate enteric flora. Antibiotics can selectively
decrease tissue invasion and eliminate aggressive bacte-
rial species or globally decrease luminal and mucosal bac-
terial concentrations, depending on their spectrum of ac-
tivity. Alternatively, administration of beneficial bacte-
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rial species (probiotics), poorly absorbed dietary
oligosaccharides (prebiotics), or combined probiotics and
prebiotics (synbiotics) can restore a predominance of
beneficial commensal flora. These two therapeutic ap-
proaches are not, of course, mutually exclusive.

Rifaximin, a poorly absorbed antibiotic targeted at the
GI tract, has been long used in Italy for the treatment of
infectious diarrhea in both adults and children. During
the past few years the appreciation of the pathogenic role
of gut bacteria in several organic and functional GI dis-
eases has increasingly broadened its clinical use, which
now covers hepatic encephalopathy, small intestine bac-
terial overgrowth, inflammatory bowel disease and co-
lonic diverticular disease. Other potential clinical indica-
tions are being explored and look promising. The drug
has been recently made available for clinical practice in
Spain and we took this opportunity to review its clinical
use together with the role of bacterial flora in digestive
disease. We therefore decided to get together leading sci-
entists (both Spanish and Italian) in order to exchange
ideas and experience during one full day of face-to-face
confrontation. The meeting was held in Barcelona (Spain),
in January 2005, under the Presidency of Professor Fran-
cisco Vilardell and aroused strong interest both on ac-
count of the issues addressed and on the outstanding qual-
ity of the presentations.

In light of the consent obtained, we felt it worthwhile
to compile a series of reviews to further consolidate the
mass of general and scientific information existing in the
field. Our original idea was to collect manuscripts of the
speeches presented at the symposium to merely publish
the proceedings. Later, we realized that a more complete



work could be of help for all the colleagues involved in
everyday care of patients with disturbed gut microecol-
ogy. All the faculty members enthusiastically accepted the
challenge to provide us with state-of-the-art reviews cov-
ering both pathophysiology and therapeutics. We thank
all of them for their excellent contribution, made despite
numerous other calls on their time.

The Spanish-Italian cooperation is certainly not new
and dates back to the 12th century, when people from
Barcelona and Genoa drew up mutually fruitful commer-
cial and travel agreements. At the beginning of the third
millennium we are proud to present the reader the result
of this Spanish-Italian scientific cooperation. This vol-
ume, which includes much of the information collected
from scattered sources, will be useful to both scientists
and clinicians interested in this rapidly evolving field.

Some of the concepts presented in this issue are still in
an evolutionary state. The precise mechanisms on how
gut bacteria interact with host to cause digestive symp-
toms and diseases are not completely understood. The
reader, therefore, will have to be tolerant of some lack of
clear-cut explanations for many of the clinical observa-
tions. It cannot be expected that this publication will qui-
et all controversies. However, data are presented that
should aid any practitioner in making therapeutic deci-
sions.
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We would like to thank Mr. Patrick Naf and the whole
team of S. Karger AG for their excellent cooperation dur-
ing the publication of this supplement. We would also
acknowledge the help of Mrs Monse Tort, Edicciones
Mayo (Barcelona, Spain) in the logistic organization of
the meeting which gave rise to this publication. More-
over, we are grateful to Bama-Geve (Barcelona, Spain)
for supporting the conference and backing the publica-
tion costs. Last but not least, our sincere gratitude goes to
Dr. Giampiero Piccinini at the Alfa Wassermann, Inter-
national Division (Milan, Italy), who rendered this pub-
lication possible. He greatly and enthusiastically helped
us in every step of our puzzling editorial work.

Carmelo Scarpignato

MD, DSc (Hons), PharmD (h.c.), FRCP (London) FCP, FACG
Professor of Pharmacology & Therapeutics

Associate Professor of Gastroenterology

School of Medicine & Dentistry

University of Parma, Italy

Angel Lanas

MD, PhD

Associate Professor of Gastroenterology
Chief of the Gastrointestinal Oncology Unit
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Fig. 1. Generalised scheme of predominant
groups of colonic bacteria, indicating how
the genera may exhibit potentially harmful
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al. [56]).
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Control of epithelial cell proliferation and differentiation;
development and homeostasis of the immune system

Fig. 2. Primary functions of the enteric microflora.

The intestinal habitat of an adult individual contains
300-500 different species of bacteria, with 30-40 species
comprising up to 99% of the total population. Conven-
tional bacteriological analysis of the faecal flora by isola-
tion of bacteria on selective growth media shows that
strict anaerobic bacteria outnumber aerobes by a factor
of 100 to 1,000. The dominant genera are Bacteroides,
Bifidobacterium, Eubacterium, Clostridium, Lactobacil-
lus, Fusobacterium and various anaerobic Gram-positive
cocci. Bacteria present in lower numbers include Entero-
coccus, and Enterobacteriaceae. Every individual has a
particular combination of predominant and subdomi-
nant species that is distinct from that found in other in-
dividuals. However, over 50% of bacteria cells that are
observed by microscopic examination of faecal speci-
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mens cannot be grown in culture media. Molecular biol-
ogy techniques have been developed to characterise non-
culturable bacteria, and previously unknown strains are
now being identified [3, 4]. These techniques show differ-
ences in predominant species between proximal and dis-
tal colon, and between mucosal and faecal communities
[5]. Some data even suggest that each individual harbours
unique strains [6].

Some of the bacteria in the gut are pathogens or poten-
tial pathogens when the integrity of the mucosal barrier is
functionally breached (fig. 1). However, the normal inter-
action between gut bacteria and their host is a symbiotic
relationship, defined as mutually beneficial for both part-
ners [7]. The host provides a nutrient-rich habitat and the
bacteria can infer important benefits on host’s health.

Primary Functions of the Microflora

Comparison of animals bred under germ-free condi-
tions with their conventionally raised counterparts (har-
bouring microflora) has revealed a series of anatomic char-
acteristics and physiological functions that are associated
with the presence of the microflora [1, 4]. Organ weights
(heart, lung, and liver), cardiac output, intestinal wall
thickness, intestinal motor activity, serum y-globulin lev-
els, lymph nodes, among other characteristics, are all re-
duced or atrophic in germ-free animals, suggesting that

Guarner
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Fig. 3. Fermentation in the colon (from
Guarner and Malagelada [2]).

gut bacteria have important and specific functions on the
host (fig. 2). These functions are ascribed into three catego-
ries, i.e. metabolic, protective and trophic functions [2].

The metabolic functions of the enteric flora consist in
the fermentation of non-digestible dietary substrates and
endogenous mucus. Gene diversity among the microbial
community provides a variety of enzymes and biochem-
ical pathways that are distinct from the host’s own con-
stitutive resources. Fermentation of carbohydrates is a
major source of energy in the colon for bacterial growth
and produces short chain fatty acids (SCFA) that can be
absorbed by the host. This results in salvage of dietary
energy, and favours the absorption of ions (Ca, Mg, Fe)
in the caecum. Metabolic functions also include the pro-
duction of some vitamins (K, By,, biotin, folic acid, pan-
tothenate) and synthesis of amino acids from ammonia
or urea [7]. Anaerobic metabolism of peptides and pro-
teins (putrefaction) by the microflora also produces SCFA
but, at the same time, it generates a series of potentially
toxic substances including ammonia, amines, phenols,
thiols and indols [8, 9]. Available proteins include elastin
and collagen from dietary sources, pancreatic enzymes,
sloughed epithelial cells and lysed bacteria. Interestingly,
in the caecum and right colon, fermentation is very in-
tense with high SCFA production, acidic pH (around 5-
6), and rapid bacterial growth. In contrast, in the left or
distal colon there is lower concentration of available sub-
strate, the pH is close to neutral, putrefactive processes
become quantitatively more important, and bacterial
populations are close to static (fig. 3).

The protective functions of the microflora include the
barrier effect that prevents invasion by pathogens. The

Enteric Flora

resident bacteria represent a crucial line of resistance to
colonization by exogenous microbes or opportunistic
bacteria that are present in the gut, but their growth is
restricted. The equilibrium between species of resident
bacteria provides stability in the microbial population.
The barrier effect is based on the ability of certain bacte-
ria to secrete antimicrobial substances, like bacteriocins,
that inhibit the growth of other bacteria, and also on the
competition for nutrients and attachment to ecological
niches [10-12].

Finally, the trophic functions of the gut microflora are
a major field of scientific research in recent years. Gut
bacteria can control the proliferation and differentiation
of epithelial cells. Epithelial cell turnover is reduced in
colonic crypts of germ-free animals as compared with col-
onized controls [1]. Cell differentiation is highly influ-
enced by the interaction with resident microorganisms as
shown by the expression of a variety of genes in germ-free
animals mono-associated with specific bacteria strains
[13]. Bacteria also play an essential role in the develop-
ment of the immune system. Animals bred in a germ-free
environment show low densities of lymphoid cells in the
gut mucosa, specialised follicle structures are small, and
circulating immunoglobulin levels are low. Immediately
after exposure to microbes, the number of mucosal lym-
phocytes expands, germinal centres and immunoglobulin
producing cells appear rapidly in follicles and in the lam-
ina propria, and there is a significant increase in serum
immunoglobulin levels [1, 14, 15]. Multiple and diverse
interactions between microbes, epithelium and gut lym-
phoid tissues are constantly reshaping local and systemic
mechanisms of immunity.

Digestion 2006;73(suppl 1):5-12 7



Host-Bacteria Relationships in the Gut

The possibility of controlling or modulating the im-
mune system by acting at gut mucosal interfaces is attract-
ing particular attention from the scientific community.
The gastrointestinal tract constitutes a sensitive interface
for fine and sophisticated contact and communication
between the individual and the external environment.
The large mucosal surface (300-400 m?) is adapted to the
main functions of the gut that include not only the well-
known processes leading to the digestion of food and ab-
sorption of nutrients, but also a series of activities aimed
at establishing a strong line of defence against aggressions
from the external environment. Three essential constitu-
ents interacting in the gut accomplish this important de-
fensive task of the gut: the microflora, the mucosal bar-
rier and the immune system [16]. Homeostasis of the in-
dividual with the external environment critically depends
on the dynamic balance between the three constituents.

Intestinal epithelial cells are in close contact with lu-
minal contents and play a crucial role in signalling and
mediating host innate and adaptive mucosal immune re-
sponses. Activation of innate host defence mechanisms
1s based on the rapid recognition of conserved molecular
patterns in microbes by pre-formed receptors recently
recognized (toll-like and NOD-family receptors) [17]. In
response to invading bacteria, the signals converge to
transcription factors (NF-kB and others), which start the
transcription of genes responsible for the synthesis of pro-
inflammatory proteins [18]. Hence, epithelial cells secrete
mediators including chemoattractants for neutrophils
and proinflammatory cytokines and express inducible
enzymes for the production of nitric oxide, prostaglan-
dins and leukotrienes at a large scale. Intestinal epithelial
cells also express MHC class II and non-classical MHC
class I molecules, suggesting that they can function as an-
tigen-presenting cells [19]. However, non-pathogenic
bacteria may also elicit cytokine responses that are trans-
mitted to underlying immunocompetent cells [20]. Inter-
estingly, responses to non-pathogenic bacteria involve
regulatory cytokines such as TGF-f or IL-10, and appear
to be related with the induction regulatory pathways of
the immune system [20, 21]. Some commensal Lactoba-
cillus strains can downregulate the spontaneous release of
TNF-a by inflamed tissue, and also the inflammatory re-
sponse induced by Escherichia coli [22]. These effects on
cytokine release are associated with changes in the expres-
sion of activation markers by lamina propria T lympho-
cytes [22], and with induction of apoptosis of activated
lymphocytes, which is a major homeostatic mechanism

8 Digestion 2006;73(suppl 1):5-12

in the gut mucosa [23]. Thus, signals generated at the mu-
cosal surface can promote changes in the phenotype of
lamina propria lymphocytes. Taken together, epithelial
cells produce the essential signals for the onset of mucosal
innate responses and recruitment of appropriate cell pop-
ulations for induction of memory pathways of acquired
immunity (fig. 4).

Acquired immune responses develop in specialised
lymphoid tissues. Gut-associated lymphoid tissues
(GALT) are located in three compartments: organised
structures (Peyer’s patches and lymphoid follicles), the
lamina propria, and the surface epithelium [24]. The or-
ganised structures are believed to represent the inductive
sites and the lamina propria and epithelial compartment
principally constitute effector sites. The organised struc-
tures are covered by follicle-associated epithelium, which
contains M cells. They are specialised epithelial cells that
transport microorganisms as well as dead antigens from
the gut lumen into the organised lymphoid tissue. Stim-
uli from the gut lumen via the M cells (dendritic cells at
the epithelial layer also contribute) induce mucosal im-
mune responses. Antigens are presented to naive T cells
by antigen-presenting cells after intracellular processing.
In addition, luminal antigens may be taken up and pre-
sented by epithelial cells directly to various subsets of
intra- and subepithelial T lymphocytes. Expansion of T
cell clones occur after antigen priming in the GALT, but
interestingly, they may differentiate into Th1, Th2 or T-
regulatory cells, with different effector capabilities [25].
The mechanisms which determine the differentiation of
T-helper cells are not well understood, but certainly de-
pend on the cytokine environment during antigen presen-
tation and clonal induction. Mucosal antigen-specific B
cells differentiate to predominantly IgA-secreting plasma
cells. Primed B cells migrate via draining lymphatics to
mesenteric lymph nodes where they are further stimu-
lated; they may then reach peripheral blood and become
seeded by preferential homing mechanisms into distant
mucosal effector sites, particularly the intestinal lamina
propria where they finally develop to plasma cells. An es-
sential message to remember is that induction of effector
and regulatory pathways of the immune system takes place
primarily in the specialised follicles of the gut mucosa.

The indigenous microbial flora of the gut is essential
for the development and homeostasis of the immune sys-
tem. Abnormalities in the development of the immune
system may be due to defects in the interaction of the
flora with the mucosal immune compartments. Accord-
ing to the hygiene hypothesis, the increasing incidence of
allergy in westernised societies may to some extent be ex-

Guarner
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plained by a reduced microbial load early in infancy [26].
In this context, an appropriate composition of the com-
mensal flora is needed. Exposure to food-borne and oro-
faecal non-pathogenic microbes probably exerts a homeo-
static impact. The feeding to which the newborn is sub-
jected, as well as its nutritional state, exerts a significant
influence on the composition of its indigenous microbio-
ta and eventually on the development of a healthy im-
mune system.

Disease States Associated with Dysfunction
of the Enteric Flora

Several disorders are associated with changes in the
composition or metabolic function of the enteric flora [2].
For instance, several acute diarrheal diseases are due to
pathogens that proliferate and invade or produce toxins.
Antibiotic-associated diarrhea is due to imbalance in the
gut flora composition with overgrowth of pathogenic spe-
cies, as some Clostridium difficile strains that produce
toxins and cause pseudomembranous colitis. It is be-
lieved that gut bacteria play a role in the pathogenesis of
the irritable bowel syndrome [27]. Symptoms of abdom-
inal pain, bloating, and flatulence are commonly seen in
patients with irritable bowel syndrome. Fermentations
taking place in the colon generate a variable volume of
gas. Likewise, putrefaction of proteins by bacteria within

Enteric Flora

the gut lumen is associated with the pathogenesis of he-
patic encephalopathy in patients with chronic or acute
liver failure.

Mucosal barrier dysfunction can cause bacterial trans-
location. Translocation of viable or dead bacteria in min-
ute amounts constitutes a physiologically important boost
to the immune system. However, dysfunction of the gut
mucosal barrier may result in translocation of a conspic-
uous quantity of viable microorganisms, usually belong-
ing to Gram-negative aerobic genera. After crossing the
epithelial barrier, bacteria may travel via the lymph to
extraintestinal sites, such as the mesenteric lymph nodes,
liver and spleen. Subsequently, enteric bacteria may dis-
seminate throughout the body producing sepsis, shock,
multisystem organ failure, or death of the host. Bacterial
translocation may occur in haemorrhagic shock, burn in-
jury, trauma, intestinal ischaemia, intestinal obstruction,
severe pancreatitis, acute liver failure, and cirrhosis [28].
The three primary mechanisms promoting bacterial
translocation are: (a) small bowel bacterial overgrowth,
(b) increased permeability of the intestinal mucosal bar-
rier, and (c) deficiencies in host immune defences.

It has been shown in experimental models that intes-
tinal bacteria may play a role in the initiation of colon
cancer through production of carcinogens, co-carcino-
gens, or pro-carcinogens. The molecular genetic mecha-
nisms of human colorectal cancer are well established, but
epidemiological evidence suggests that environmental

Digestion 2006;73(suppl 1):5-12 9



factors such as diet play a major role in the development
of sporadic colon cancer. Dietary fat and high consump-
tion of red meat, particularly processed meat, are associ-
ated with high risk in case-control studies. In contrast, a
high intake of fruits and vegetables, whole grain cereals,
fish and calcium has been associated with reduced risk.
Dietary factors and genetic factors interact in part via
events taking place in the lumen of the large bowel [29].
The influence of diet on the carcinogenic process may be
mediated by changes in metabolic activity and composi-
tion of the colonic microflora.

There is evidence implicating the resident bacterial flo-
ra as an essential factor in driving the inflammatory pro-
cess in human inflammatory bowel diseases. In Crohn’s
disease and ulcerative colitis, clinical evidence suggests
that abnormal activation of the mucosal immune system
against the enteric flora is the key event triggering inflam-
matory mechanisms that lead to intestinal injury [30]. Pa-
tients show an increased mucosal secretion of IgG anti-
bodies against commensal bacteria [31], and mucosal T
lymphocytes are hyperreactive against antigens of the
common flora, suggesting that local tolerance mechanisms
are abrogated [32]. In fact, faecal stream diversion has
been shown to prevent recurrence of Crohn’s disease,
whereas infusion of intestinal contents to the excluded il-
eal segments reactivated mucosal lesions [33]. In ulcer-
ative colitis, short-term treatment with an enteric-coated
preparation of broad-spectrum antibiotics rapidly reduced
metabolic activity of the flora and mucosal inflammation
[34]. Several factors may contribute to the pathogenesis of
the aberrant immune response towards the autologous flo-
ra, including genetic susceptibility [35], a defect in muco-
sal barrier function, and a microbial imbalance. Recent
data suggest that gut bacteria populations in patients with
Crohn’s disease differ from that in healthy subjects [36].

Therapeutic Manipulation of the Intestinal
Flora

Symbiosis between microbiota and host can be im-
proved and optimised by pharmacological or nutritional
intervention. Wise use of antibiotic drugs can control bac-
terial overgrowth and prevent translocation of gut bacte-
ria in specific conditions of increased risk, as mentioned
above. Other contributions to this issue review in depth
the use of antibiotics to prevent or treat diseases due to
gut bacteria. On the other hand, some bacteria may pro-
vide specific health benefits when consumed as a food
component or in the form of specific preparations of vi-
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able microorganisms. A consensus definition of the term
‘probiotic’ was issued a few years ago and states that oral
probiotics are living microorganisms that upon ingestion
in certain numbers, exert health benefits beyond those of
inherent basic nutrition [37]. The term ‘prebiotic’ refers
to a non-digestible food ingredient that beneficially af-
fects the host by selectively stimulating growth and/or
activity of one or a limited number of bacteria in the co-
lon [38]. The prebiotic effect is linked to three essential
conditions. A prebiotic should not be hydrolyzed by hu-
man intestinal enzymes, it should be selectively ferment-
ed by beneficial bacteria, and this selective fermentation
should result in a beneficial effect on health or well-being
of the host.

A number of clinical trials have tested the efficacy of
probiotics in the prevention of acute diarrheal conditions.
Two meta-analyses concluded that probiotics can be used
to prevent antibiotic-associated diarrhea in children and
adults [39, 40]. Prophylactic use of probiotics has proven
useful for the prevention of acute diarrhea in infants ad-
mitted into hospital wards for a chronic disease condition
[41-43]. Probiotics may also be useful in the prevention
of community-acquired diarrhea [44, 45]. Several studies
have investigated the efficacy of probiotics in the preven-
tion of travelers’ diarrhea in adults, but methodological
drawbacks, such as low compliance with the treatment
and problems in the follow-up, limit the validity of these
conclusions [46].

The benefit of probiotics as a treatment for acute diar-
rhea in children has also been demonstrated. Three meta-
analyses of controlled clinical trials have been published
[47-49]. It is evident that probiotic therapy shortens the
duration of acute diarrheal illness in children by approx-
imately 1 day.

Prebiotics have been proven useful for the prevention
of gastrointestinal infections. Inulin and oligofructoses are
well-defined prebiotics that increase counts of lactobacilli
and bifidobacteria in the human colonic lumen [50]. A
number of controlled clinical trials have shown that pre-
biotics are safe and may be effective in the prevention of
acute gastrointestinal conditions, such as community-ac-
quired diarrhea and traveler’s diarrhea [51, 52].

Prebiotics and probiotics have also been shown to im-
prove the gut mucosal barrier function. In critical disease
states, translocation of gut bacteria is associated with sep-
tic complications, and synbiotic preparations, including
probiotics and prebiotics, have been used to preserve bar-
rier function. Randomized controlled trials suggest that
these preparations can reduce the rate of post-operative
infections in liver transplant patients and the occurrence
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of septic complications in severe acute pancreatitis [53,
54].

Probiotics and prebiotics have been tested for thera-
peutic efficacy in clinical trials with patients with ulcer-
ative colitis, Crohn’s disease or chronic relapsing pouchi-
tis. However, with the exception of the studies on pouchi-
tis, results of controlled clinical trials published so far are
poor and below the expectations raised [55]. Further re-
search is needed to optimise the use of probiotics or pre-
biotics for these indications.

Conclusions
Alarge and diverse community of commensal bacteria

is harboured in the human gut, in a symbiotic arrange-
ment that influences both physiology and pathology in the

host. Furthermore, knowledge about the relevance of the
microbial flora for host well-being is advancing rapidly as
exemplified by two recent developments. First, molecular
biology techniques have dramatically improved our
means to investigate actual bacterial colonization of the
gut, and myriads of strains that were elusive to conven-
tional microbiological culture can now be described. Sec-
ond, convincing evidence suggests that immune mecha-
nisms taking place within the gut play a major role in the
constitution and reshaping of host’s immunity. As a con-
sequence, a better understanding of our relations with the
microbial world may be achieved. This certainly could
help in the prevention of disease states (atopy, cancer, and
inflammatory bowel diseases) afflicting modern societies
that neglected an ecological role for bacteria in human
life.
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Table 1. Primary reasons for prescribing antimicrobial agents for
enteric infections (from Pickering [9])

To reduce symptoms and duration of disease
To prevent serious sequelae

To prevent mortality

To eradicate fecal shedding

To prevent pathogen transmission

creasing antimicrobial resistance (mediated primarily
through horizontal transfer of a plethora of mobile DNA
transfer factors) and the appearance of diseases that de-
crease the host defense have increased the need for more
effective and safe antimicrobial treatments [3]. Like else-
where, these drugs have an important place in the man-
agement of GI disease [4-6]. Antibiotic use in gastroen-

terology falls into three general settings [5]:

e GI infections (e.g. bacterial diarrhea, cholangitis, di-
verticulitis)

e GI diseases that may involve infectious agents but are
not ‘classic’ infectious diseases (e.g. Helicobacter py-
lori-positive peptic ulcer, Whipple’s disease, inflam-
matory bowel disease)

e Antibiotic prophylaxis for GI procedures.

Enteric infections generally are self-limited conditions
that require only fluid and electrolyte therapy [7]. How-
ever, patients with diarrhea associated with certain bacte-
rial and protozoal agents may benefit from therapy with
an antimicrobial agent [8]. In some instances, specific an-
timicrobial therapy may reduce morbidity and mortality
associated with enteric illnesses or prevent future compli-
cations, but antimicrobial agents should be prescribed
with an appreciation for their limitations [9]. The pri-
mary reasons for prescribing antimicrobial agents for en-
teric infections are listed in table 1.

The proliferation of new antibacterial agents has made
the choice of antibiotics increasingly complex. Gener-
al consideration in selecting antibiotic therapy include
(1) the identity and susceptibility pattern of the infecting
organisms, (2) the anatomic localization of the infection,
(3) the antimicrobial spectrum of the drug, and (4) its
pharmacokinetic properties. Other important consider-
ations include the possible selection of resistant organ-
isms, interactions with other drugs, toxicity and cost [5].

The anatomic location of the GI infection influences
the selection of the antimicrobial agent and the route of
administration. For instance, oral administration of a
poorly absorbable antibiotic may be used for eradication

14 Digestion 2006;73(suppl 1):13-27

of non-invasive enteric pathogens [10]. Although the im-
portance of attaining high biliary concentrations of anti-
microbial agents in treating patients with cholangitis is
still debated, it has been suggested that agents undergoing
biliary secretion have higher efficacy in the treatment of
these infections [11].

Non-absorbed oral antibiotic therapy, unlike systemi-
cally available antibiotics, allows localized enteric target-
ing of pathogens and is associated with minimal risk of
systemic toxicity or side effects [12]. Provided that non-
absorbed antibiotics are as effective as systemically ab-
sorbed drugs for the target illness, their safety and toler-
ability profiles may render them more appropriate for
certain patient groups, such as young children, pregnant
or lactating women, and the elderly, among whom side
effects are a particular concern. The restricted use of non-
absorbed oral antibiotics only for enteric infections should
also reduce the development of widespread resistance, a
major limitation of current antibiotics for enteric infec-
tions [12].

Compared to systemic drugs, the number of poorly ab-
sorbed antimicrobials that would best target the GI tract
1s relatively small and almost completely limited to ami-
noglycosides. Indeed, oral vancomycin [13], teicoplanin
[14], and bacitracin [15] are confined to the treatment of
Clostridium difficile infection [16—18]. Ramoplanin, a gly-
colipodepsipeptide antibiotic [19], is being developed for
the treatment of C. difficile-associated diarrhea [20] and
vancomycin-resistant enterococcal infection in high-risk
patients [21]. Paromomycin and neomycin represent
therefore the most widely used compounds [22, 23]. Neo-
mycin is often associated to bacitracin, which is highly ac-
tive against Gram-positive microorganisms, in order to
extend its antibacterial activity. However, even poorly ab-
sorbed aminoglycosides are not completely devoid of un-
toward effects. Indeed, both ototoxicity [24-26] and neph-
rotoxicity [27] have been reported after oral neomycin es-
pecially in patients with renal dysfunction. Such patients
can in fact accumulate toxic levels of the antimicrobial
since the kidneys represent the major route of drug excre-
tion [28]. Ototoxicity has actually been reported after oto-
topic (i.e. ear drops) aminoglycoside administration [29].

In order to overcome the limitations of the above
drugs, a series of rifamycin derivatives with improved
pharmacokinetic (i.e. virtually absence of GI absorption)
and pharmacodynamic (i.e. with broad spectrum of anti-
bacterial activity) properties have been synthesized at
Alfa Wassermann laboratories [30]. Amongst the differ-
ent molecules, the compound marked L/105 (4-deoxy-4'-
methylpyrido[1’,2’-1,2]imidazo[5,4-c]rifamycin SV) and
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Fig. 1. Chemical structures of rifampicin and rifaximin as well as of their parent compound, rifamycin SV.
The empirical formula of rifaximin is C43Hs;N30;; [CAS Registry No.: 80621-81-4] and its molecular weight

785.9 daltons.

later named rifaximin was selected for further develop-
ment (fig. 1). The antibiotic was first marketed in Italy
and subsequently introduced in other European coun-
tries. Rifaximin was also licensed in some Northern Af-
rican and Asian areas as well as in Mexico. The com-
pound has recently been approved by the US FDA for the
treatment of infectious diarrhea in the traveler [31].

The aim of this review is to summarize the available
pharmacology and safety data on this non-systemic anti-
biotic.

Antimicrobial Activity

The in vitro antibacterial activity of rifaximin has
been determined by using minimum inhibitory concen-
trations (MICs) against bacteria from clinical isolates or
stock culture collections. It should be pointed out that —in
the absence of known GI concentrations — interpretation
of MIC values is difficult. It is likely, however, that the
drug concentration achieved at the desired site of action,
1.e. the GI tract, will largely exceed the reported MIC val-
ues. For instance, fecal levels after oral administration of
the antibiotic range between 4,000 and 8,000 pg/g of
stool, which are 160-250 times higher than the MICy, for
the various bacterial enteropathogens [32, 33].

Pharmacology of Rifaximin

Several in vitro studies, summarized by recent reviews
[33-40], have shown that — like rifampicin — rifaximin
displays an inhibitory activity against Gram-positive and
Gram-negative, aerobic and anaerobic bacteria (fig. 2). Its
activity against a wide variety of enteropathogens under-
lines the clinical efficacy of this antibiotic in GI infections
[35, 36, 38] and other functional and organic GI diseases
where gut flora has an important pathogenetic role [34,
37, 38]. When 427 enteropathogens isolated from pa-
tients with infectious diarrhea enrolled in clinical trials
were tested in vitro, rifaximin was found to be active
against all isolates [41]. The distribution of MICs by
pathogen is shown in figure 3. In all cases, the MICs were
substantially lower than the fecal concentrations of ri-
faximin achieved during clinical use [32].

Thorough microbiological studies have also shown
that other clinically relevant anaerobic bacteria such as
C. difficile [42-44] and also H. pylori [45-47] are very
sensitive to this antibiotic and that its activity extends to
Vibrio cholerae [48]. It is worthwhile mentioning that
treatment with high-dose (600 mg, 3 times a day, for 14
days) rifaximin was also efficacious in resolving the clin-
ical symptoms and clearing protozoan infections in HIV-
l-infected patients with CD4 count =200/mm?>, who pre-
sented enteric and systemic symptoms due to Cryptospo-
ridium parvum or Blastocystis hominis associated with
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Fig. 2. Rifaximin: spectrum of antimicrobial activity.
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Fig. 3. Distribution of rifaximin MIC values by pathogen in clinical isolates from patients enrolled in three con-
trolled trials of infectious diarrhea. Of the 427 enteropathogens, 298 came from the pre-treatment stool sample,
and 129 came from the post-treatment stool sample. ETEC = Enterotoxigenic E. coli (from DuPont [41]).
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Table 2. Changes in fecal bacterial

population after oral rifaximin Organisms Weeks

administration in healthy volunteers 0 1 2 4 8 12

(from Testa et al. [63])
Escherichia coli -108 2.9 0.46 2.5 2.7 3.0 3.0
Other enterobacters - 10’ 1.0 0.09 1.0 1.2 1.1 1.2
Enterococci -107 5.6 0.08 3.1 5.7 5.6 4.9
Bacteroides spp. -10° 6.0 0.10 5.4 6.1 6.2 5.6
Clostridium spp. -108 1.1 0.04 1.0 1.1 1.0 0.9
Anaerobic cocci -107 6.1 0.02 5.6 6.0 6.2 5.8

Rifaximin (800 mg) was given in two daily doses for 5 days after the first stool collec-

tion.

enteropathogens [49]. The favorable effects of this anti-
biotic on protozoal diarrhea have also been reported in a
recent multicenter study on patients with traveler’s diar-
rhea (TD) [50]. Indeed, in patients with pretreatment
stools positive for Cryptosporidium infections, the clini-
cal improvement obtained with rifaximin was significant-
ly superior to that observed in the placebo-treated sub-
jects.

Like the other members of the rifamycin family [51,
52], rifaximin specifically inhibits RNA synthesis by
binding the B-subunit of the bacterial DNA-dependent
RNA polymerase [53, 54]. Very recent studies [55] using
X-ray crystallography have actually shown that these an-
tibiotics act by removing the catalytic magnesium ions
from bacterial RNA polymerase and that the binding of
structurally different rifamycins to the enzyme is differ-
ent.

Development of resistance to rifaximin may be similar
to that of rifampicin, which is primarily due to a chromo-
somal single-step alteration in the drug target, the DNA-
dependent RNA polymerase [56, 57]. This differs from
the plasmid-mediated resistance commonly acquired by
bacteria to aminoglycoside antibiotics, such as neomycin
or bacitracin [58]. The spread of resistance due to the
chromosomal mechanism is however less frequent than
that due to plasmid-mediated transfer [57, 59].

The development of resistance to rifaximin was stud-
ied in detail on several aerobic (Gram-negative and
Gram-positive) and anaerobic strains. As expected, spon-
taneous selection of resistance was rare for the anaerobic
bacteria; in fact, among these anacrobes only a few spe-
cies showed the spontaneous emergence of resistant mu-
tants [44, 60]. Rifaximin selected resistant aerobic Gram-
positive cocci mutants more easily under aerobic condi-
tions than in an anaerobic atmosphere [44, 60]. In
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comparison with Gram-positive microorganisms, drug-
resistant Gram-negative bacilli were rarely detected [44,
60].

Spontaneously resistant mutants were more easily se-
lected after preincubation of the test bacteria with sub-
inhibitory concentrations of rifaximin rather than after
exposing the microorganisms to high levels of the antibi-
otic. Taking into account that rifaximin is poorly ab-
sorbed (see below), the high amounts of the drug available
within the digestive lumen compare better with supra-
rather than with sub-inhibitory concentrations of the
drug. Furthermore, since the anaerobic atmosphere did
hinder the selection of rifaximin-resistant enterobacteria,
it is expected that — during antibiotic therapy with this
drug - the selection of resistant mutants in the GI tract
(a prevalently anaerobic environment) be very low. In
summary, thanks to the high drug bioavailability in an
oxygen-deficient milieu, the in vivo occurrence of bacte-
rial resistance with rifaximin should be an infrequent
phenomenon. The constant therapeutic efficacy of the an-
tibiotic in the management of different GI infections [30,
35-40] clearly suggests that this is the case.

Repeated oral administration of an antibiotic that
reaches very high concentrations within the GI lumen
could have profound effects on intestinal flora [61, 62].
As expected, rifaximin markedly reduced fecal bacterial
counts during oral intake, but the effect was short-lasting
since the bacterial population recovered within 1-2 weeks
from the end of treatment (table 2) [63]. Most impor-
tantly, fungal colonization occurred very rarely. Indeed,
Candida albicans, which has been implicated in the
pathogenesis of antibiotic-associated diarrhea [64], was
isolated from the fecal samples of only 2 out of 10 patients
given 1,200 mg of rifaximin daily [63] and in none of the
volunteers taking 800 mg daily [65].
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Fig. 4. Disappearance of rifaximin-resistant bacteria from human
intestine after stopping the antibiotic treatment (week 0) (from De
Leo et al. [65]).

Antimicrobial resistance to rifamycins develops rap-
idly both in vitro and in vivo [56, 66, 67]. As a conse-
quence, all the three members of the family (i.e. rifampi-
cin, rifabutin and rifapentine) are used clinically as com-
ponents of combination therapies [56, 68]. Being
structurally related, rifaximin could share this potential.
And indeed, resistance rates, recorded in fecal strains of
Enterobacteriaceae, Enterococcus, Bacteroides, Clostridi-
um and anaerobic cocci, ranged between 30 and 90% af-
ter short-term (5 days) antibiotic (800 mg daily) treat-
ment [65]. A similar pattern was observed in 10 patients
with hepatic encephalopathy after treatment with rifaxi-
min 1,200 mg/day for 5 days [63]. Nevertheless, a rapid
disappearance of resistant bacteria was observed after
stopping the antibiotic treatment (fig. 4). Different kinet-
ics of disappearance were however observed. The aerobic
species showed a more rapid return to the baseline ‘sensi-
tive’ status, whereas the anaerobic bacteria, especially the
Gram-negative rods, regained sensitivity to rifaximin
more slowly. In any case, 3 months after the end of treat-
ment, resistant strains were no longer detectable in the
feces [65]. These results support the cyclic use of rifaxi-
min that has been adopted by the investigators in the
treatment of hepatic encephalopathy [69] and colonic di-
verticular disease [70].

It is worth mentioning that the very-short-term use of
the antibiotic, adopted to treat TD, is unlikely to induce
any microbial resistance. Indeed, DuPont and Jiang [71],
by studying changes in susceptibility of intestinal flora
during a 3-day rifaximin course among US students with
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TD, failed to document the emergence of drug-resistant
Gram-positive (e.g. enterococci) and Gram-negative
(Escherichia coli) organisms during treatment.

Pharmacokinetics and Drug Interactions

Animal and Human Pharmacokinetics

The first pharmacokinetic investigations [72, 73] were
performed in rats and dogs by using a microbiological as-
say (i.e. agar diffusion test and Staphylococcus aureus 209
P FDA as test organism). Conversely from rifampicin,
whose serum levels were already detectable 30 min after
the administration and still measurable after 48 h, only
trace amounts (i.e. 0.2 pg/ml) of rifaximin were detected
in serum of fed rats 4 h later. The amount of detectable
antibiotic was reduced by 50% in fasted animals. Similar
results have been obtained in dogs after oral administra-
tion of 25 mg/kg of both rifamycin derivatives [72, 73].
No detectable amount of rifaximin was found in serum at
any time. The negligible intestinal absorption of rifaximin
was subsequently confirmed with the use of the labeled
drug [53, 74]. These isotope studies also showed that the
greatest concentration of radioactivity is found in the GI
tract [53, 74], that represents the therapeutic target organ.
The radioactivity peak was reached at 0.5 h in the stom-
ach, at 2 h in the small intestine and at 7 h in the cecum
and large intestine. Other than in the GI tract, radioactiv-
ity counts were generally low and only liver and kidney
contained more than 0.01% of the dose administered, a
finding consistent with the results obtained with unlabeled
rifaximin measured by a microbiological assay [72].

Although theoretically safe, poorly absorbed antimi-
crobials could become ‘absorbable’ in the presence of
mucosal inflammatory or ulcerative changes [75], like
those occurring in inflammatory bowel disease (IBD) or
when invasive bacteria colonize the intestine. To verify
whether the presence of intestinal lesions would affect
rifaximin absorption, the drug was given to rats with ex-
perimentally induced colitis [76]. The indomethacin-in-
duced enteropathy did not affect intestinal absorption of
rifaximin. However, under the same experimental condi-
tions, systemic bioavailability of neomycin did increase
[76].

The human pharmacokinetics of rifaximin after oral
administration has been studied in healthy volunteers, in
patients with IBD or hepatic encephalopathy and in ex-
perimentally induced shigellosis (table 3). The aim of
these studies was to confirm the low, if any, systemic ab-
sorption of the drug; metabolism and excretion data are
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Table 3. Summary of the pharmacokinetic studies with rifaximin in humans

Study Ref. Subjects Dose regimen Cnax, Ng/ml Urinary recovery, %
Descombe et al., 1994 77 Healthy volunteers 400 mg, single dose 1.56+0.43 0.007+£0.001
FDA-driven study, 2004 31 Healthy volunteers 400 mg, '*C single dose 43+238 0.32
FDA-driven study, 2004 31 Healthy volunteers 400 mg, single dose 3.8+1.32 0.023+0.009
Rizzello et al., 1998 78 UC patients 400 mg, single dose 4.75+2.11 0.009 +0.006
Campieri et al., unpubl. data - CD patients 400 mg, single dose 2.74+0.88 0.007 £0.005
Gionchetti et al., 1999 80 Severe UC patients 800 mg daily for 10 days ND* 0.008%**
Taylor et al., 2003 97,31  Healthy volunteers 600 mg daily for 3 days 1.63+0.86 NA

with exptl shigellosis
FDA-driven study, 2004 31 Patient with HE 600 mg daily for 7 days 2.69+0.99 0.061£0.015

UC = Ulcerative colitis; CD = Crohn’s disease; HE = hepatic encephalopathy; ND = not detectable; NA = not available.
Each value represents the mean = SEM. * Measured 12 h after the last dose. ** Cumulative excretion.

scant. In all these investigations a sensitive high-pressure
liquid chromatographic method was used to measure ri-
faximin in body fluids.

After oral administration of 400 mg of rifaximin to
fasted healthy volunteers, blood drug concentration was
found to be lower than the detection limit of the analytical
method (i.e. 2.5 ng/ml) in half of them [77]. In the remain-
ing subjects, very low amounts were detected at some of
the time intervals during the first 4 h after intake. Along
the same lines, the urinary concentrations of the drug were
very low and often undetectable. The effect of food on the
absorption of the antibiotic was also evaluated [31] and a
significant, albeit not clinically relevant, increase of bio-
availability was observed after a high-fat breakfast.

Systemic absorption of rifaximin (200 mg three times
daily) was also evaluated in 13 healthy subjects fed with
Shigella flexneri 2a on days 1 and 3 of a 3-day course of
treatment [31]. Rifaximin plasma concentrations were
low and variable. There was no evidence of drug accumu-
lation following repeated administration for 3 days (9
doses). Peak plasma rifaximin concentrations after 3 and
9 consecutive doses ranged from 0.81 to 3.4 ng/ml on day
1 and 0.68 to 2.26 ng/ml on day 3 [31]. Fecal excretion
of the drug was also assessed in 39 patients with acute
diarrhea after administration of 400 mg every 12 h for 3
consecutive days [32]. As shown in figure 5, post-therapy
stool rifaximin levels were high, decreasing gradually over
a 5-day period. It is worthwhile mentioning that fecal
drug concentrations largely exceeded the MIC values for
the bacterial isolates obtained from patients with TD
[32].

As IBD is one of the therapeutic indications of rifaxi-
min, its absorption was carefully studied in patients with
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Fig. 5. Fecal concentration of rifaximin in patients with TD after
treatment with 800 mg/day of the drug for 3 consecutive days. Each
square refers to the mean of the values obtained from 39 subjects.
Vertical bars are standard errors (from Jiang et al. [32]).

mild-to-moderate ulcerative colitis, after administration
of two tablets (i.e. 400 mg) orally [78]. Rifaximin concen-
trations were below the detection limits in most plasma
samples. Only in few patients was the drug detected dur-
ing the first 8 h after administration. The total rifaximin
amount recovered in the urine was only 0.009% of the
dose. This figure fits well with the corresponding value
(i.e. 0.007%) observed in healthy volunteers [77]. No cor-
relation between disease activity and urinary concentra-
tions was found after repeated drug administration [79].
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It is worthwhile mentioning that, even after 15 days of
therapy of patients with resistant pouchitis with a high
dose (2 g daily) of rifaximin together with ciprofloxacin
(1 g daily), no plasma level of the antibiotic was detect-
able in any patient [80].

Although the pharmacokinetics of rifaximin in pa-
tients with renal insufficiency has not been specifically
studied, its very low renal excretion makes any dose ad-
justment unnecessary. The same holds true for patients
with hepatic insufficiency. In fact, the mean peak drug
plasma concentrations (i.e. 13.5 ng/ml) detected in sub-
jects with hepatic encephalopathy patients given rifaxi-
min 800 mg three times daily for 7 days [31, 81] was not
dissimilar to that found in healthy subjects [77] and pa-
tients with IBD [78]. And indeed, in all the trials per-
formed in this condition the drug has been well tolerated
[69, 81, 82].

Finally, drug absorption and excretion have not been
evaluated in pediatric or geriatric populations. However,
here again the tolerability of rifaximin in childhood
and in the elderly has found to be extremely good [34,
37].

Drug-to-Drug Interactions

As new classes of antimicrobial drugs have become
available, pharmacokinetic drug interactions with anti-
microbials have become more common. Macrolides, flu-
oroquinolones, rifamycins, azoles and other agents can
interact adversely with commonly used drugs, usually by
altering their hepatic metabolism [83]. The mechanisms
by which antimicrobial agents alter the biotransforma-
tion of other drugs are increasingly understood to reflect
inhibition or induction of specific cytochrome P,5, en-
zymes. Rifampicin and rifabutin induce several cyto-
chromes Py, including CYP3A4, and hence can enhance
the metabolism of many other drugs [83].

By using in vitro preparations of human enzymes it is
possible to predict those antibiotics that will adversely
affect the metabolism of other drugs [84]. Such studies
have shown that rifaximin, at concentrations ranging
from 2 to 200 ng/ml, did not inhibit human hepatic cyto-
chrome P,5isoenzymes 1A2,2A6,2B6,2C9,2C19,2D6,
2E1, and 3A4 [31]. In an in vitro hepatocyte induction
model, rifaximin was shown to induce cytochrome Pysq
3A4 (CYP3A4) [31], an isoenzyme which rifampicin is
also known to induce [83].

Since rifampicin impairs oral contraceptives (OCs) ef-
fectiveness and pregnancies have been reported in wom-
en taking OCs and antibiotics [85], the interaction be-
tween an OC containing ethinyl estradiol and norgesti-
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mate and rifaximin was studied in 28 healthy female
subjects given a short course of the drug [31]. The results
of this study showed that the pharmacokinetics of single
doses of ethinyl estradiol and norgestimate were not al-
tered by concomitant antibiotic administration [86].

Midazolam and other benzodiazepines (e.g. alprazo-
lam and triazolam) are selective substrates of CYP3A4
[84] and the concomitant administration of potent meta-
bolic CYP3A4 inducers results in statistically significant
pharmacokinetic changes and consequent loss of thera-
peutic efficacy [87]. To evaluate the possible midazolam-
rifaximin interaction, an open-label, randomized, cross-
over trial was designed to assess the effect of oral rifaxi-
min (200 mg three times daily for 3 or 7 days) on the
pharmacokinetics of a single dose of midazolam, admin-
istered either intravenously (2 mg) or orally (6 mg) [31].
No significant difference was observed in all the pharma-
cokinetic parameters of midazolam or its major metabo-
lite, 1’-hydroxy-midazolam, with or without simultane-
ous antibiotic therapy [88]. These results therefore show
that rifaximin does not significantly affect intestinal or
hepatic CYP3A4 activity.

The lack of any significant in vivo interaction between
rifaximin and human cytochrome Pysq is also consistent
with the absence of any significant induction of drug me-
tabolizing enzymes in the liver and the GI tract of rats
given the antibiotic orally for 6 months [50]. When given
for prevention or treatment of diarrhea in travelers (TD)
[35, 38, 40], rifaximin should therefore not affect the
pharmacokinetics (and consequently pharmacodynam-
ics) of other prophylactic drugs (e.g. antimalarials)
[50].

General Pharmacology

As the GI tract is the main therapeutic target of rifax-
imin, its potential effects on gastric secretion and GI mo-
tility have been investigated in rats and mice [53]. The
antibiotic was given intraduodenally to pylorus-ligated
rat (Shay rat) at doses ranging from 10 to 500 mg/kg, that
is up to 50 times the therapeutic daily dose. No effect on
pH and volume, of gastric juice as well as on acid output
and pepsin activity was observed.

Gastric emptying was studied in rats by means of a
liquid meal labeled with phenol red [Scarpignato, unpubl.
observations], while intestinal transit was evaluated in
mice by means of the charcoal test meal [53]. Here again,
rifaximin was unable to influence either emptying rate or
intestinal motility. The drug could however be capable of
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correcting the GI motility derangement often observed in
the presence of small intestinal bacterial overgrowth
(SIBO) [89]. This is the case of patients with diabetes [90]
or Crohn’s disease [91], in whom the delayed intestinal
transit, detected together with SIBO, was accelerated by
a short-course treatment with rifaximin.

The effect of rifaximin on cardiovascular and respira-
tory systems was investigated in anaesthetized rats and
guinea pigs, respectively [53]. Rifaximin was given intra-
duodenally at doses up to 100 mg/kg and carotid pressure
and flow as well as heart rate were continuously measured
in rats, while respiration amplitude and frequency were
monitored in guinea pigs. The rifamycin derivative did
not affect any of the measured parameters at any time
after its administration.

Clinical pharmacological studies to specifically ad-
dress the effect of rifaximin on GI or cardiovascular and
respiratory functions have been not performed. However,
while the most frequently reported, albeit few, adverse
events associated with rifaximin administration were gas-
trointestinal in nature, no untoward reactions involving
the cardiovascular or respiratory systems have been de-
scribed [30, 34, 37, 92].

It is worth mentioning that rifamycins inhibit human
neutrophil functions and may therefore display an anti-
inflammatory action [93, 94]. And indeed, intra-articular
rifamycin has been successfully used in chronic arthriti-
des, like juvenile rheumatoid arthritis and ankylosing
spondylitis [95]. The fact that oral administration of an-
other rifamycin derivative (namely rifampicin) was com-
pletely devoid of any therapeutic activity [96] suggests
that this peculiar pharmacologic activity is a topical one.
Provided an anti-inflammatory action of rifaximin be

Pharmacology of Rifaximin

confirmed, it could represent an additional therapeutic
mechanism underlying its efficacy in IBD and diverticu-
lar disease.

Clinical Use and Therapeutic Potential

Data from both experimental and clinical pharmacol-
ogy clearly show that rifaximin is a non-systemic antibi-
otic with a broad spectrum of antibacterial action cover-
ing Gram-positive and Gram-negative organisms, both
aerobes and anaerobes. Being virtually non-absorbed, its
bioavailability within the GI tract is rather high with in-
traluminal and fecal drug concentrations that largely ex-
ceed the MIC values observed in vitro against a wide
range of pathogenic organisms. The GI tract represents
therefore the primary therapeutic target and GI infec-
tions the main indication [34-40]. Besides TD, where the
antibiotic is being increasingly used [35, 39, 40], rifaxi-
min proved to be effective in homeland infectious diar-
rhea[36, 38]. A recent clinical pharmacological study [97]
has also shown its ability to prevent experimentally-in-
duced shigellosis (fig. 6). The results of this study support
the use of rifaximin in the prevention of infectious diar-
rhea in the traveler (TD). And indeed, DuPont et al. [98]
have just reported that even once-daily administration of
rifaximin is able to prevent TD.

Since gut bacteria play a pathogenic role in several GI
disorders (like for instance IBD or irritable bowel syn-
drome (IBS)), the broad antimicrobial activity of rifaxi-
min is of value also in these clinical conditions [34, 37,
38]. Thanks to the lack of transcutaneous absorption
pointed out in both animal [99] and human [100] studies,
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its topical use in skin infections has also been investigat-
ed [101]. Finally, since rifaximin spectrum of antibacte-
rial action includes many organisms (e.g. Bacteroides bi-
vius-disiens, Gardnerella vaginalis, Haemophilus ducreyi,
etc.) causing genital infections [60], including Tricho-
monas vaginalis [60] and Chlamydia trachomatis [102],
its local application in the treatment of bacterial vagino-
sis has been attempted [101]. The growing list of thera-
peutic applications of rifaximin for which there are pub-
lished clinical studies is shown in table 4. Amongst them,
some are established indications for which the clinical
trials so far performed have provided evidence for a sub-
stantial benefit of rifaximin. These include infectious di-
arrhea [35, 36, 38], hepatic encephalopathy [69, 82],
SIBO [103], colonic diverticular disease [70] and IBD
[104]. For each of these indications a summary of scien-
tific rationale and of available data, which the reader is
referred to, has recently been published [35, 69, 70, 82,
103, 104].

Safety and Tolerability

Animal Studies

Although rifaximin is poorly absorbed and therefore
its systemic bioavailability, if any, is very low, thorough
toxicological studies [summarized in 53] have shown that
it is devoid of any acute and chronic toxicity in labora-
tory animals. In vitro and in vivo studies did also not
reveal any genotoxic potential.

Despite the fact that reproductive studies have been
unable to detect fetal anomalies definitely related to
maternal treatment with rifaximin [34], the US FDA
put rifaximin - like many other antimicrobial agents
[105] - in the pregnancy category C' [31]. It is worthwhile
mentioning that a population-based case-control study
[106] showed that maternal exposure of anti-tuberculosis
drugs during pregnancy does not show a detectable tera-
togenic risk to the fetus. It is therefore very unlikely that
the minute amounts of absorbed rifaximin, which will
never be taken throughout the full gestation period, affect
fetal development in humans.

No studies evaluating the excretion of rifaximin into
breast milk and its bioavailability to the infant have been
performed. However, due to its very limited, if any, ab-

! Animal reproduction studies have shown an adverse effect on the fetus and

there are no adequate and well-controlled studies in humans, but potential ben-
efits may warrant use of the drug in pregnant women despite potential risks.
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Table 4. Established and potential clinical indications for rifaximin
(from Scarpignato and Pelosini [34])

Established indications

Infectious diarrhea (including TD)

Hepatic encephalopathy

Small intestine bacterial overgrowth (SIBO)
Inflammatory bowel disease (IBD)

Colonic diverticular disease

Potential indications
IBS and chronic constipation
C. difficile infection
Bowel preparation before colorectal surgery
H. pylori infection
Selective bowel decontamination in acute pancreatitis
Prevention of spontaneous bacterial peritonitis in cirrhosis
Prevention of NSAID-induced intestinal injury
Extra-GI indications

Skin infections

Bacterial vaginosis

Periodontal disease

Table 5. Adverse events with an incidence =2% among patients
with TD receiving rifaximin (600 mg daily) or placebo in placebo-
controlled trials (from Rifaximin FDA label [31])

Symptoms (MedDRA- Percentage of patients
pEie ) rifaximin, placebo
600 mg/day (n = 320) (n =228)

Flatulence 11 < p=0.0071 - 20
Headache 10 9
Abdominal pain 10
Rectal tenesmus
Defecation urgency
Nausea
Constipation
Pyrexia

Vomiting

N Wk WU I3
[\ IS SN Ale < BNe e}

MedDRA = Medical Dictionary for Regulatory Activities.

sorption from the GI tract and its physicochemical char-
acteristics, any milk excretion of the drug is unlikely
[107].

Tolerability Profile in Humans

An evaluation of rifaximin tolerability profile observed
in almost 1,000 patients from 30 clinical trials was unable
to identify a definite pattern of intolerance [34, 37]. Very
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Table 6. Reported signs and symptoms not associated with TD that occurred over a 2-week treatment with ri-
faximin in healthy subjects and were considered possible adverse events (from DuPont et al. [98])

Symptom Study group

rifaximin, once daily  rifaximin, twice daily rifaximin, 3 times daily placebo

(n = 50), % (n =52), % (n = 54), % (n = 54), %
Headache 6 (12.00) 0 0 1(1.85)
Migraine 0 0 0 1 (1.85)
Dizziness 0 0 1(1.85) 0
Body aches 0 0 1(1.85) 0
Sore throat 2 (4.00) 0 0 0
Keratitis from foreign body 1 (2.00) 0 0 0
Fever (subjective) 0 0 2 (3.70) 0
Runny nose 1 (2.00) 0 0 0
Congestion 0 3(5.77) 0 0
Heartburn 0 0 0 1(1.85)
Constipation 0 0 1(1.85) 0
Increase in leukocyte count 4 (8.00) 2 (3.85) 2 (3.70) 3(5.56)
Increase in serum aminotransferase level! 5 (10.00) 11 (21.15) 6 (11.11) 10 (18.52)

Each rifaximin dose was 200 mg.

! Normal value <35 U/I (abnormal values identified as 36-70 U/1).

few adverse events have been reported during short-term
treatment with the drug, the most frequently reported be-
ing gastrointestinal in nature (e.g. flatulence, nausea, ab-
dominal pain and vomiting). It is worthwhile to empha-
size that the detection of GI adverse reactions could have
been difficult in rifaximin trials since the symptoms of
the underlying diseases were often similar to the GI com-
plaints observed after drug treatment.

The safety of rifaximin, taken 200 mg three times dai-
ly, was evaluated more recently in 320 patients from two
placebo-controlled clinical trials [31]. All the adverse
events for either rifaximin or placebo that occurred at a
frequency =2% are shown in table 5. With the exception
of flatulence, which was significantly (p = 0.0071) less
after drug treatment, the adverse event profile of rifaxi-
min overlapped that of placebo. When the drug was giv-
en to healthy students traveling to Mexico in order to
prevent the occurrence of TD [98], the incidence of ad-
verse events was remarkably low, again overlapping
those observed with placebo (table 6). These findings
confirm that the GI complaints observed after drug treat-
ment in therapeutic trials did represent symptoms of the
underlying disease (i.e. TD) rather than being rifaximin-
related.

Prolonged therapy with high doses of the antibiotic has
been associated with infrequent urticarial skin reactions
[34]. A significant increase in serum potassium and so-
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dium concentrations, although within the physiological
range, has been observed after the drug. Since rifaximin
was employed mainly for the treatment of diarrheal dis-
eases, this finding could likely be connected to the elec-
trolyte disturbances of underlying conditions.

Post-Marketing Surveillance

The excellent safety profile observed in clinical trials
has been confirmed by the post-marketing surveillance
program [92]. More than 8.5 million patients have been
treated in Italy and abroad with rifaximin since its intro-
duction in the market. During the overall post-marketing
period, 26 adverse reactions (17 patients’ cases) were re-
ported to the manufacturer, of which only 4 were judged
to be serious. They consisted in 1 case of angioneurotic
edema, 1 of cutaneous rash and 2 of urticaria.

In summary, rifaximin appears to be extremely safe
with a very favorable risk-to-benefit ratio.

Summary and Conclusions

Rifaximin was first described in 1982 and was intro-
duced into the Italian market 5 years later. Taking into
account its excellent activity against a broad range of en-
teropathogens, the first ‘logical’ indication for this Gl-tar-
geted antibiotic was the treatment of infectious diarrhea
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Table 7. Main pharmacokinetic and
pharmacodynamic differences between

poorly absorbed antibiotics: rifaximin
vs. aminoglycosides

Aminoglycosides Rifaximin
Systemic absorption 3-5% <1%
Untoward effects Oto- or nephrotoxicity — Absent
Activity against Gram-positive bacteria ++ +++
Activity against anaerobic bacteria 0 +++
Resistance (type/frequency) Plasmidic/high Chromosomic/low

in both adults and children. However, the appreciation
of the pathogenic role of gut bacteria in several organic
and functional GI diseases [28, 29] has increasingly
broadened its clinical use.

A careful review of its pharmacokinetic and antimi-
crobial properties reveals that rifaximin displays some
distinct advantages, either in terms of safety and efficacy,
over aminoglycosides currently used as poorly absorbed
antibiotics (table 7). Being virtually unabsorbed, this an-
timicrobial has little value outside the area of enteric in-
fections, thus minimizing both antimicrobial resistance
and systemic adverse events. It proved to be safe in all
patient populations, including young children. Although
pregnant women were purportedly excluded from con-
trolled trials, clinical experience does suggest that the use
of a non-absorbable antibiotic, when strictly needed, rep-
resents the safest choice in this physiological condition.
In this connection, it was shown that treatment with oral
neomycin, a poorly absorbed aminoglucoside, during
pregnancy presents no detectable teratogenic risk to the
human fetus [108]. Rifaximin therefore possesses almost
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all the characteristics of the ‘ideal’ antibiotic targeted at
the GI tract [109].

As shown in table 4, there are established and potential
clinical indications for this peculiar drug. In all these con-
ditions, many of which share SIBO as a common feature,
gut bacteria represent the specific target of rifaximin. The
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Note Added in Proof

A recent prospective open label study
[110] did confirm the effectiveness of rifax-
imin in controlling cryptosporidial diarrhea
in patients with AIDS. The administration
of this rifamycin derivative (400 mg b.i.d.)
was associated with a rapid (within 1 week)
and durable symptomatic control and erad-
ication of the microorganism despite pro-
found immunosuppression (CD4 count
<50/mm?) in the majority of patients. In ad-
dition, an interesting case report [111] de-
scribed long-lasting albeit intermittent ab-
dominal pain and diarrhea in a patient with
kidney-pancreas transplant on immuno-
suppressive therapy, which proved to be
due to Cryptosporidium parvum infection.
After the diagnosis, high dose (600 mg
thrice daily) rifaximin treatment achieved
complete symptom resolution within 1
week.

Recent in vitro [112] and in vivo [113]
studies, presented at the last Annual Inter-
science Conference on Antimicrobial Agents
and Chemotherapy in Washington, D.C.,
did confirm the activity of rifaximin against
C. difficile. In an experimental model of C.
difficile-associated diarrhea (CDAD) [113]
the efficacy of the rifamycin derivative was
comparable to that of vancomycin. How-
ever, after stopping antibiotic treatment,
75% of the vancomycin-treated animals de-
veloped recurrent infection while none of
the rifaximin-treated ones relapsed. These
results suggest that rifaximin may be supe-
rior to vancomycin for the eradication of C.
difficile infection. Since recurrent CDAD is
a common clinical problem, specifically de-
signed clinical trials are worthwhile to con-
firm this hypothesis.

Digestion 2006;73(suppl 1):13-27 27



KARGER


http://dx.doi.org/10.1159%2F000089777

14

12

10

Prevalence of IBS (%)

I 10.3

12.1

Fig. 1. IBS prevalence varies enormously
depending of the criteria employed for di-
agnosis (from Mearin et al. [14]).

Manning

that in the eight most industrialized countries, functional
digestive disorders generate a total cost of over 40 billion
US dollars [5]. In addition to this important sociosanitary
impact, functional digestive disorders also cause notori-
ous deterioration in patient health-related quality of life
[6].

The diagnosis of functional digestive disorders is clin-
ical, and has been based fundamentally on exclusion cri-
teria. More recently, in an attempt to unify the clinical
diagnosis of functional digestive disorders, a series of cri-
teria have been developed, grouping the different symp-
toms, with the purpose of establishing a definitive posi-
tive diagnosis of these disorders. Several clinical diagnos-
tic criteria have been developed, the most widely used
being Manning criteria [7], Rome I criteria and Rome 11
criteria [8]. The diagnostic criteria currently used since
1999 are referred to as the Rome II criteria [9, 10].

The prevalence of functional digestive disorders is
high all over the world. More than 10 years ago, Dross-
man et al. [11] evaluated the prevalence of functional
gastrointestinal disorders in the US householder popula-
tion. They assessed the prevalence of 20 functional gas-
trointestinal syndromes based on fulfilment of Rome I
criteria. For this sample, 69% reported having at least one
of 20 functional gastrointestinal syndromes in the previ-
ous 3 months. The symptoms were attributed to four ma-
jor anatomic regions: oesophageal (42%), gastroduodenal
(26%), bowel (44%), and anorectal (26%), with consider-
able overlap. More recently, in a random sample of sub-
jects representative of the Australian population, the
prevalence of any functional gastrointestinal disorder was
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34.6%, and there was considerable overlap among differ-
ent ones (19.2% had more than two disorders) [12].

By applying the Rome I and Rome II diagnostic crite-
ria and analyzing the studies conducted in western coun-
tries in the general population, the prevalence of IBS is
seen to vary between 3.3 and 13.6% [13-16]. Functional
abdominal bloating occurs in approximately 15% of com-
munity-based populations [11, 17], and appears to be
more frequent in females than males. Functional consti-
pation and functional diarrhea prevalences in the gen-
eral population are about 20 and 4%, respectively [11,
18-20].

Estimated IBS prevalence depends very much on the
diagnostic criteria applied to define the syndrome [14]
(fig. 1). It has been observed that Rome II criteria are too
restrictive in clinical practice though useful to select pa-
tients for clinical trials. In our own experience, more than
two thirds of subjects meeting Manning or Rome I crite-
ria would not be diagnosed as having IBS if Rome II cri-
teria were employed [14].

Patients with functional digestive disorders frequently
have some other co-morbid conditions. Thus, many IBS
suffers also have heartburn and other upper gastrointes-
tinal symptoms, fibromyalgia, headache, backache, geni-
tourinary symptoms, and psychosocial dysfunction. Some
authors have hypothesized that multiple co-morbid dis-
orders are associated with psychological factors [21].
Moreover, incorrect diagnosis can result in hospitaliza-
tion and surgery, especially cholecystectomy, appendec-
tomy and hysterectomy [22].
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Definition of the Problem: How to Identify
Functional Bowel Disorder?

A functional bowel disorder (FBD) is a functional gas-
trointestinal disorder with symptoms attributable to the
mid or lower gastrointestinal tract. FBDs include the IBS,
functional abdominal bloating, functional constipation,
functional diarrhea and unspecified FBD [7]. Subjects
with FBD may be divided into the following groups:
(1) non-patients.: those who have never sought health care
for the FBD, and (2) patients: those who have sought
health care for the FBD.

According to Rome II criteria, and having in mind the
absence of structural or metabolic abnormalities to ex-
plain the symptoms, FBDs are defined as follows:

Irritable Bowel Syndrome. Twelve or more weeks (not
necessarily consecutive) in the past 12 months of abdom-
inal discomfort or pain that has two out of three features:
(a) relieved with defecation; (b) onset associated with a
change in frequency of stool, and (c) onset associated with
a change in form (appearance) of stool.

Some other symptoms, not essential for the diagnosis,
are usually present and may be helpful be to identify sub-
types of IBS according to bowel habit: (1) fewer than three
bowel movements a week; (2) more than three bowel
movements a day; (3) hard or lumpy stools; (4) loose
(mushy) or watery stools; (5) straining during a bowel
movement; (6) urgency; (7) feeling of incomplete bowel
movement; (8) passing mucus during a bowel movement;
(9) abdominal fullness, bloating, or swelling. A given sub-
ject is considered to have diarrhea-predominant IBS
subtype if one or more of 2, 4, or 6 are present and none
of 1, 3, or 5. Constipation-predominant IBS subtype is
established if one or more of 1, 3, or 5 were present and
none of 2, 4 or 6. Alternating IBS subtype is defined as
the presence in the same patient of at least one diarrhea
criterion and one constipation criterion [23].

Functional Abdominal Bloating. It comprises a group
of FBDs which are dominated by a feeling of abdominal
fullness or bloating, without sufficient criteria for another
functional gastrointestinal disorder. Diagnosis of func-
tional abdominal bloating requires the presence during
12 or more weeks in the past 12 months of: (1) feeling of
abdominal fullness, bloating, or visible distension, and
(2) insufficient criteria for a diagnosis of functional dys-
pepsia, IBS or other functional disorder.

Functional Constipation. It comprises a group of func-
tional disorders which present as persistent difficult, in-
frequent or seemingly incomplete defecation. For diagno-
sis it 1s required to have been present during 12 or more
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weeks in the past 12 months of two or more of: (1) strain-
ing >!/, of defecations; (2) lumpy or hard stools >!/, of
defecations; (3) sensation of incomplete evacuation >/,
of defecations; (4) sensation of anorectal obstruction/
blockage >!/, of defecations; (5) manual manoeuvres to
facilitate >!/, of defecations (e.g. digital evacuation, sup-
port of the pelvic floor), and (6) <3 defecations per week.
In addition, loose stools have not to be present, and cri-
teria for IBS not to be fulfil.

Functional Diarrhea. 1t is defined as continuous or
recurrent passage of loose (mushy) or watery stools with-
out abdominal pain. Diagnosis requires 12 or more weeks
in the past 12 months of: (1) loose (mushy) or watery
stools present >/, of the time, and (2) no abdominal
pain.

An unspecified FBD is defined as functional bowel
symptoms that do not meet criteria for the previously de-
fined categories.

Towards a Solution of the Problem:
Treatment of Functional Bowel Disorder

At the beginning of this century it was thought that
there are four main mechanisms implicated in the patho-
physiology of FBD: altered intestinal motility, increased
visceral sensitivity, disturbed intestinal reflexes (intrinsic
and extrinsic), and psychological disorders; digestive in-
fections have also been postulated as putative pathophys-
10logical causes of some FBDs. The predominance and
combination of these mechanisms are most probably re-
sponsible for the different clinical manifestations of
FBD.

Treating Irritable Bowel Syndrome

General Measurements

Explaining the syndrome and reassuring the patient
are very important physician’s therapeutic tools. Fear of
cancer is a major concern in many IBS patients. There-
fore, a confident diagnosis is basic to establish a good pa-
tient-physician relation. However, repeated or inappro-
priate tests communicate physician insecurity and breed
fear and uncertainty in the patient.

Dietary modifications are frequently recommended as
a first step in the management of IBS patients. Avoidance
of nutrients that will probably induce symptoms seems to
be logical (i.e. voluminous meals, fat, non-absorbable car-
bohydrates, coffee, tea, lactose); however, there is no sci-
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entific evidence supporting this approach, and severe lim-
itations of usual dietary habits may impair even more IBS
patients quality of life. Clinical trials evaluating diet mod-
ifications have been centred on pain relief and changes of
stool characteristics. Most placebo-controlled trials were
performed with fiber. A fiber-enriched diet (20-30 g/day)
improves constipation, accelerates intestinal transit and
may reduce intracolonic pressure. Nevertheless, patients
with IBS do not have less fiber intake than asymptom-
atic control subjects [24]. In addition, clinical trials have
not found any significant benefit of a fiber-enriched diet
compared to placebo [25]. Moreover, fiber therapy may
aggravate IBS symptoms by decreasing pain threshold
secondary to distension and by inducing colon distension
through gas formation from bacterial fermentation [26].
Therefore, there is no scientific evidence supporting that
standard changes of dietary habits or lifestyle improve
symptomatology of IBS. Diet with fiber supplementation
could improve constipation in constipation-predominant
IBS, but the appearance or worsening of symptoms re-
lated to gas formation limits the clinical utility of this ap-
proach.

A recent systematic review has evaluated the role of
different types of fiber in the treatment of IBS [27]. It was
concluded that soluble and insoluble fiber have different
effects on IBS symptoms: soluble fiber is beneficial to
global symptom improvement, though the effect on pain
is controversial, whereas insoluble fiber is not more effec-
tive than placebo and may, in some patients, worsen
symptoms when compared with a normal diet.

Antidiarrheal Drugs

Loperamide is the most widely used drug for diarrhea-
predominant IBS. Most of the trials with loperamide on
diarrhea-predominant IBS proved a benefit compared to
placebo. In a 13-week, double-blind, placebo-controlled
trial, loperamide significantly improved stool frequency,
consistency and urgency [28]. Another, more recent, dou-
ble-blind study confirmed these results but also revealed
an increase in nocturnal pain in patients treated with lop-
eramide [29]. However, the clinical relevance of both tri-
als is limited by the high proportion of dropouts (19 and
30%, respectively). Thus, scientific evidence of loper-
amide efficacy for the treatment of IBS is limited and
further trials are required.

Antispasmodics

Antispasmodics are frequently used in the manage-
ment of IBS. Several drugs have been evaluated but most
trials underwent strong criticisms because of method-
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ological limitations (i.e., scarce number of patients, large
amount of dropouts, short duration of the trials, etc.). In
fact, among 36 placebo-controlled, double-blind, ran-
domised clinical trials with antispasmodics lasting for
more than 2 weeks, only 15 evaluated pain or general
symptomatic improvement as end point. Furthermore,
the proportion of dropouts was as high as up to 59%. Nev-
ertheless, among the trials mentioned above, 26 were
comparable from a methodological point of view and
were included by Poynard et al. [30] in a meta-analysis.
As a result of this analysis, antispasmodics resulted to be
superior to placebo in terms of global improvement (62
vs. 35%, p < 0.01) and abdominal pain relief (64 vs. 45%,
p < 0.01). These positive results were obtained with five
different drugs: cimetropium bromide, pinaverium bro-
mide, octylonium bromide, trimebutine and mebeverine
[25]. Another meta-analysis, performed some years later
also by Poynard et al. [31], again showed smooth muscle
relaxants and anticholinergics to be better than placebo
for some IBS symptoms (fig. 2). In a systematic review
including 13 studies, 7 considered as high-quality trials,
it was concluded that antispasmodics were effective for
abdominal pain in IBS patients [32].

In conclusion, and bearing in mind some methodolog-
ical limitations of published clinical trials, the available
scientific evidence suggests antispasmodics to be useful
in IBS, although new and more conclusive investigations
are required. Furthermore, these drugs are not available
in every country.

Antidepressants

Tricyclic antidepressants have an analgesic effect that
is obtained at lower doses than that required for depres-
sion therapy. Best results are obtained in pain relief in
diarrhea-predominant IBS. A trial with desipramine
demonstrated a significant decrease in stool frequency,
abdominal pain and depression, compared to placebo
and atropine [33]. Similar results were obtained in an-
other study using trimipramine [34].

A meta-analysis of 11 randomized controlled trials us-
ing antidepressants for functional gastrointestinal disor-
ders, including 8 that evaluated IBS, found that 1 of every
3 treated patients improved (fig. 3) [35]. However, it must
be taken into account that these drugs may have side ef-
fects (urinary retention, xerostomy, etc.) that can limit its
use in many patients. Desipramine and nortriptyline
cause fewer side effects than imipramine and amitripty-
line.

In conclusion, patients with IBS may benefit from an-
tidepressant drugs, especially tricyclic antidepressants, at
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peutical research has also focused on new molecules able
Placebo Drug to modulate visceral perception of the gastrointestinal
‘ tract. Fedotozine, an opioid analogue with selective k re-
Heffner (1978) . .
ceptors affinity, was evaluated in the treatment of IBS
Mertz (1998) = patients. A trial performed with fedotozine (3.5, 15 and
Myren (1982) i 30 mg) revealed that the 30-mg group was significantly
Rajagopalan (1998) | superior to placebo in controlling abdominal pain, ab-
Tanum (1996) S — dominal bloating and global severity of the disease [36].
Tripathi (1983) B —— Nevertheless, due to its marginal clinical benefit and pu-
tative secondary effects, fedotozine never was available
Vij (1991) —t for clinical use.
Total (95% Cl) 4.2(2.3-7.9) Some other drugs such as octreotide (a somatostatin
17 2 5 10 25 100 analogue) and leuprolide (a GRH analogue) might also
Odds ratio improve abdominal pain in some IBS patients. Cloni-

Fig. 3. Meta-analysis of antidepressant medications in the treat-
ment of IBS (from Jackson et al. [35]).

low doses. This is especially true in patients with severe
pain who do not respond to first-line therapies, with in-
tense limitations of day life activities, with diarrhea pre-
dominance and/or with depression linked to the IBS.

Visceral Analgesics
Based on the concept that visceral hypersensitivity
seems to play a key role in IBS pathophysiology, thera-
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dine, an a,-adrenergic agonist, decreases pain sensation
during colonic distension and increases rectal compliance
in healthy controls and IBS patients. However, several
problems (i.e., administration route, secondary effects)
preclude its clinical application.

Serotonin: The Queen of the Gut

Over the last decade there has been an increased in-
terest in treating patients with IBS according to patho-
physiological mechanisms and not only to clinical com-
plaints. In this context, the role of serotonin (5-HT) in
the enteric nervous system has become one of the most
important research areas. It is important to note that
around 95% of 5-HT is located in the gastrointestinal
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Fig. 4. Meta-analysis of the efficacy of alosetron in the treatment
of IBS; pooled data are shown excluding and including the Jones
study that used mebeverine as the control treatment (from Cremo-
nini et al. [41]).

tract and only 5% in the central nervous system. Two dif-
ferent 5-HT pathways exist in the enteric nervous system,
having different responses after stimulation. The intrin-
sic pathway (mainly mediated through 5-HT, receptors)
is involved in the peristaltic reflexes and water and ions
secretion. The extrinsic pathway (mainly mediated by 5-
HTj receptors) is associated to visceral sensations. Thus,
5-HT plays a key role in at least two of the most impor-
tant mechanisms implicated in IBS manifestations: ab-
normal gut motility and visceral hypersensitivity.

5-HT; Antagonists

The most evaluated 5-HTj3-selective antagonist in IBS
has been alosetron, which proved its capacity to decrease
colonic transit and to increase jejunal absorption of wa-
ter and sodium. A trial performed in 647 non-consti-
pated women with IBS, focusing on abdominal pain,
showed improvement in 41% of patients receiving alos-
etron versus 29% receiving placebo [37]. A similar study
with 462 patients had equivalent results with significant
differences for alosetron versus placebo in decreasing the
score for diarrhea and increasing the number of days
free from pain [38]. It has also been demonstrated that
alosetron significantly improves health-related quality of
life in women with diarrhea-predominant IBS [39]. A
comparison of alosetron with two antispasmodic drugs
(mebeverine and trimebutine) also showed significant
differences in favour of alosetron in controlling IBS-re-
lated symptomatology [40]. These findings made alose-
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tron the first Food and Drug Administration-approved
agent for diarrhea-predominant IBS. A meta-analysis
published in 2003 reported a pooled odds ratio for ade-
quate relief of pain or global symptom improvement of
1.81 (95% confidence interval: 1.57-2.10) [41] (fig. 4).
However, significant side effects were observed after
launching this drug, including severe constipation and
ischemic colitis [42]. For these reasons, alosetron was
withdrawn from the market in March 2001, but it was
reintroduced in the United States in November 2002. A
number of restrictions have been imposed: indicated
only in women with severe diarrhea-predominant IBS
for whom conventional treatments have failed; manda-
tory doctor training and certification; patient signed con-
sent, and cautious monitoring of severe constipation or
ischemic colitis.

Cilansetron is another highly specific and selective 5-
HT; receptor antagonist that is significantly superior to
placebo in relieving symptoms and improving quality of
life in men and women with diarrhea-predominant IBS
[43-45].

5-HT, Agonists

Tegaserod is a partial agonist of 5-HT, receptors with
prokinetic effect on gastric emptying and able to increase
colonic and bowel transit. It stimulates intestinal secre-
tion of water and CI~, and decreases the nociceptive re-
sponse to rectal distension [46]. Tegaserod efficacy has
been evaluated in several large, multicentre, randomized,
double-blind trials [47-49]. It has been shown to improve
abdominal pain and bloating, and increase bowel move-
ment frequency in women with constipation-predomi-
nant IBS. A Cochrane Database systematic review found
that the relative risk of being a responder in terms of
global relief of gastrointestinal symptoms was significant-
ly higher with tegaserod 12 mg than with placebo (1.19;
95% confidence interval: 1.09-1.29) (Table 1) [50]. Tega-
serod is well tolerated, with diarrhea and headache being
the most frequently reported adverse events; diarrhea is
usually mild and transit.

Treatment of Bacterial Overgrowth

In the past years some authors, especially Pimentel et
al. [51], have defended that bacterial overgrowth is a key
factor in IBS. They described that 78% of IBS patients
had small intestinal bacterial overgrowth diagnosed by
lactulose hydrogen breath test and that overgrowth treat-
ment eliminated IBS symptoms in 48%. Nevertheless,
this has been a very controversial report [52]. Subse-
quently the same group performed a double-blind, pla-
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Table 1. Meta-analysis of the efficacy of tegaserod 12 mg/day vs. placebo in global relief of symptoms in patients

with IBS (from Evans et al. [50])

Study Tegaserod Placebo Relative risk Weight Relative risk

12 mg, n/N n/N (fixed) 95% CI (fixed) 95% CI
B307 116/275 105/284 . 18.0 1.140.93, 1.40]
Lefkowitz, 1999 122/267 89/267 —a— 15.5 1.37[1.11, 1.70]
Muller-Lissner, 2001 113/294 87/288 —— 15.3 1.27[1.01, 1.60]
Novick, 2002 334/767 292/752 'l 51.3 1.12[0.99, 1.27]
Total (95% CI) 1,603 1,591 - 100.0 1.191.09, 1.29]
Total events 685 (tegaserod 12 mg), 573 (placebo)
Test for heterogeneity: x> = 3.09, d.f. = 3,p=0.38, p=2.8%
Test for overall effect: z = 3.88, p = 0.0001

I I

T T
0.5 0.7 1 1.5 2

Favours
placebo

Favours
tegaserod

cebo-controlled randomized study using neomycin lead-
ing to a significant reduction in IBS symptoms: 75% of
patients when the antibiotic was successful in eliminating
the overgrowth [53]. Rifaximin could be an interesting
treatment option in cases of bacterial overgrowth associ-
ated to IBS due to its excellent efficacy/safety profile
[54].

Probiotics

Several probiotics have been tried in the treatment of
IBS but most trials have included few patients and had
methodological pitfalls; results have been inconsistent
[55]. However, a recently published clinical trial has dem-
onstrated that Bifidobacterium infantis 35,624 alleviates
symptoms in IBS; this symptomatic response was associ-
ated with normalization of the ratio of an anti-inflamma-
tory to a proinflammatory cytokine, suggesting an im-
mune-modulating role for this organism, in this disorder
[56].

Treating Other Functional Bowel Disorders

Functional Abdominal Bloating

No treatment is completely effective in patients with
abdominal bloating. Some diet modification might be
helpful; avoidance of lactose-containing foods or vegeta-
bles that promote flatus should be advice, although their
exclusion does not guarantee improvement [57]. Simeth-
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icone, a surfactant agent, is frequently prescribed, but its
efficacy is more than controversial [58, 59]. Pancreatic
enzymes reduced bloating after a high-fat meal and until
bedtime in healthy subjects [60], but there are no solid
data to this respect in patients with FBD. Antibiotics are
not always effective, but it has been shown that the non-
absorbable antibiotic rifaximin is able to reduce gas-re-
lated symptoms [61]. Regarding probiotics, it is to men-
tion that the administration of Lactobacillus plantarum
was followed by an improvement in bloating and reduc-
tion of abdominal girth in patients with IBS [62]. Tega-
serod also improves bloating in IBS subjects with consti-
pation, but no data in patients with functional abdominal
bloating have been published.

Functional Constipation

Reviewing treatment of constipation is out of the focus
of this chapter; excellent revisions have been recently
published, including one of the American Gastroenterol-
ogy Association [63].

For patients with mild to moderate constipation, in-
creasing the amount of dietary fiber often improves gut
transit, stool frequency and consistency. However, com-
pliance is frequently poor and many patients complain
of flatulence, distension and bloating. Laxatives are used
(and abused) in more severe cases. Unabsorbed mono-
and disaccharides, such as lactulose, lactitol, mannitol
or sorbitol, are osmotic agents able to increase intralu-
minal bulk and stimulate colonic peristalsis [64]. Low
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doses of polyethylene glycol have also been used to suc-
cessfully treat patients with slow-transit constipation
[65, 66].

Saline laxatives, such as magnesium citrate, sodium
phosphate or magnesium sulphate, induce a net osmotic
flux of water into the small intestine and colon, making
faeces softer. Stimulant laxatives include diphenylmeth-
ane derivatives, such as phenolphthalein, bisacodyl and
sodium picosulfate, and conjugated anthraquinone de-
rivatives such as cascara sagrada, aloin and senna. These
drugs have both antiabsorptive-secretagogue and proki-
netic effects; many constipated patients abuse of these
laxatives.

Prokinetic agents should be helpful in patients with
slow-transit constipation. In fact, cisapride improved
mild to moderate constipation [67] but unfortunately is
no longer available in the market. Tegaserod, another 5-
HT, receptor agonist, was superior to placebo for the
treatment of patients with chronic constipation in a large,
randomized, double-blind, controlled trial [68].

Other drugs used in patients with constipation not re-
sponding to standard medications are: prostaglandin E,;
analogue, misoprostol [69], and microtubule formation
inhibitor, colchicines [70]. It is important to remember
that misoprostol cannot be used during pregnancy and
should be used cautiously in reproductive age women

who could become pregnant because of effects on uterine
contractility and risk of abortion.

Functional Diarrhea

Dietary measures have never been formally assessed
but, according to clinical experience, a low-residue diet
may be helpful. Excessive coffee and other stimulant
drinks should be restricted, as well as other drinks con-
taining sorbitol or mannitol and non-calorie sweeteners,
since these sugars cause acceleration of intestinal transit
and diarrhea. Temporal exclusion of lactose and fructose
might be helpful in some cases to determine a causal rela-
tion with diarrhea.

Pharmacological treatment has been based mainly on
opiates, mainly loperamide. Randomized control trials
have shown it to control diarrhea and reduce defecatory
urgency [71]. Alosetron and cilansetron, SHT; antago-
nists, also improve diarrhea but have been tested only in
IBS subjects. Cholestyramine is an ion-exchange resin
that binds bile acids and renders them biologically inac-
tive in the colon. A therapeutic trial with cholestyramine
may be tried in patients not responding to other treat-
ments.

When depression is prominent, tricyclic antidepres-
sants are reasonable to try due also to their intrinsic con-
stipating effect.
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methylcellulose (from Levitt et al. [18]).

peristaltic activity proved to be capable of improving
both abdominal bloating and flatulence via an increased
elimination of intraluminal gas [15].

The use of antibiotics in the treatment of FBDs has
received growing attention. The presence of overlapping
symptoms in FBDs and small intestinal bacterial over-
growth (SIBO) led to investigate the possibility of an over-
lapping pathophysiology in these two conditions [16].
Since the correct diagnosis of SIBO by using an indirect
approach such as the lactulose-glucose hydrogen breath
test is still a matter of debate and important symptoms
of FBDs may have explanations other than SIBO, the re-
sults of antibiotic treatment of these two different clinical
conditions will be analyzed separately.

Treatment of FBDs: Is There Room for
Antibiotics?

Functional Bowel Disorders

According to Rome II criteria, the presence of bloating
and symptoms related to intestinal gas is frequently en-
countered in clinical practice, particularly in IBS and
functional abdominal bloating [17]. Levitt et al. [18] ana-
lyzed the relationship between abdominal bloating and
intestinal gas by supplementing healthy volunteers’ diet
with fermentable (lactulose) or non-fermentable (methyl-
cellulose) carbohydrates or placebo for a 1-week period.
As far as passage of flatus is concerned, lactulose supple-
mentation increased its frequency, while no difference
was seen after methylcellulose and placebo (fig. 1a). On
the contrary, both lactulose and methylcellulose caused
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Table 1. Perception and discomfort thresholds to rectal distension after administration of lactulose or a control
iso-osmotic electrolyte solution in healthy volunteers and patients with functional bloating (from Di Stefano et

al. [22])
Subjects Lactulose solution Electrolyte solution
basal post- signifi- basal post- signifi-
infusion  cance infusion  cance
Thresholds for perception
Healthy volunteers 4+3 2+1 NS 11+9 9+7 NS
Functional patients 6+4 2+2 p <0.05 7+4 3.5%2 p <0.05
Thresholds for discomfort
Healthy volunteers 2817 24+ 14 NS 25+ 14 24+5 NS
Functional patients 16+8 9.5+6 p<0.05 1711 1656 NS

an increase in abdominal bloating scores (fig. 1b). This
finding could be explained on the basis of the increased
fecal bulk by methylcellulose and on the enhanced gas
production by lactulose. Both mechanisms are able to in-
duce a stimulation of bowel wall mechanoceptors due to
increased intraluminal pressure and subsequent enhance-
ment of wall tension in the involved gastrointestinal tract
[19]. Consequently, flatulence certainly represents a gas-
related symptom, but abdominal bloating is not always
related to an increased gas production. These observa-
tions are of course extremely important for the selection
of patients who could benefit from antibiotic therapy.

After oral administration, carbohydrates are ferment-
ed by enteric bacterial flora to give water, short chain
fatty acids and several gases, namely carbon dioxide
(CO,), hydrogen (H,), methane (CH,), hydrogen sulfide
(SH,) and methanethiol (CH;SH) [20, 21]. These gases
are absorbed through the colonic wall, carried to the lungs
via the blood and excreted with expired air, allowing their
measurement in the breath. This represents the basis for
the hydrogen breath test, a simple method to detect car-
bohydrate malabsorption.

In a group of functional bloaters and in a group of
healthy volunteers, the non-absorbable sugar lactulose
was administered and breath hydrogen excretion moni-
tored for a 6-hour period [8]. Functional patients showed
a mean hydrogen excretion significantly higher than that
of healthy volunteers, suggesting an increased gas produc-
tion at intestinal level (fig. 2). However, a wide overlap
between patients and healthy volunteers was observed,
thus implying that intestinal gas production is not the
only factor determining symptom generation. As a con-
sequence, inhibition of the fermentation process after an-
tibiotic therapy may not always be fully effective.

40 Digestion 2006;73(suppl 1):38-46

Whether alterations of visceral sensitivity do exist in
patients with functional bloating is presently unknown.
Sensitivity thresholds to rectal distension were evaluated
in a group of IBS patients with relevant bloating [22]. A
basal series of distensions at rectal level was performed
by a balloon connected to a barostat. Lactulose was then
given per os and hydrogen excretion was monitored in
expired air to detect the increase of hydrogen breath ex-
cretion indicating the beginning of colonic fermentation.
At this point in time, a second evaluation of sensitivity
thresholds was performed to test whether colonic fermen-
tation may induce visceral hypersensitivity. On a separate
day, the test was repeated with the administration of a
non-fermentable, non-absorbable electrolyte solution to
serve as a control. A small amount of barium was added
to this solution and the timing of the second series of dis-
tensions was selected on the basis of an X-ray monitoring.
In healthy volunteers neither lactulose nor the control so-
lution induced any modification of sensitivity thresholds.
On the contrary, only in the patient group was a reduction
of perception and discomfort thresholds evident after lact-
ulose but not after the control solution (table 1). This find-
ing is consistent with the idea that a subgroup of patients
may have a heightened visceral sensation (induced or un-
masked by colonic fermentation), which allows even low
amounts of fermentation products to trigger the symp-
toms. Accordingly, in this subgroup the reduction of co-
lonic fermentation with antibiotics may hardly affect
symptom severity and a complete suppression of enteric
flora could be needed to obtain symptom relief.

A double-blind, randomized trial [8] comparing the ef-
fect of rifaximin and activated charcoal in patients with
FBDs showed that, after 7 days of therapy, rifaximin
(800 mg daily) induced a hydrogen breath excretion sig-
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Table 2. Effect of rifaximin (800 mg daily for 7 days) or activated
charcoal on symptoms severity in patients with FBDs (from Di
Stefano et al. [8])

Pa- Symptom score
U before 10th day after p
therapy end of therapy  value*
Bloating
Rifaximin 16 17.1£9.7 11.3£12.3 NS
Charcoal 13 10.9+£9.2 13.5£9.0 NS
Abdominal pain
Rifaximin 12 10.5+7.4 5.2%+8.6 NS
Charcoal 12 7.4+6.8 6.0x£7.7 NS
Flatus passage
Rifaximin 17 21.2+21.3 9.2+13.6 <0.05
Charcoal 11 19.8£199 19.8+224 NS
Abdominal girth
Rifaximin 18 79.2%8.7 77.0x7.5 <0.02
Charcoal 16 82.8+13.4 82.5+13.7 NS
Overall severity
Rifaximin 17 5.9+2.1 32+33 <0.02
Charcoal 13 5.4+2.6 5.3+2.3 NS

Mean * SD values. NS = Not significant.
* Wilcoxon test with Bonferroni-type correction for multiple
comparisons).
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nificantly lower than that observed after charcoal admin-
istration (fig. 3); rifaximin, but not charcoal, significantly
improved flatulence and the overall severity of symptoms
(table 2), and also reduced abdominal girth, but no effect
was seen on bloating and pain; the variation of breath hy-

Treatment of FBDs: Is There Room for
Antibiotics?

Time (min)

Time (min)

drogen excretion correlated significantly with the varia-
tion of flatulence, confirming the close relationship be-
tween breath hydrogen excretion and gas production [8].

Patients with FBDs often display several comorbidities,
of which lactose intolerance is one of the most common
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[23, 24]. Whether the high rate of comorbidity reflects true
malabsorption (i.c. lactase enzyme deficiency) or if symp-
toms result from fermentation of lactose in the small in-
testine (due to SIBO) and subsequent increase of gaseous
by-products, continues to be investigated. In any case, it is
worth mentioning that a recent open trial [25] showed that
in patients with lactose intolerance a short course (10 days)
of rifaximin (400 mg twice daily) was able to significantly
reduce abdominal pain, distension and bloating.

All the above findings do suggest that — in the absence
of hypersensitivity to colonic fermentation — treating in-
creased gas production with antibiotics could represent a
rational approach. Further studies in specific subgroups
of patients are needed to evaluate the efficacy of this ther-
apeutic option.

Small Bowel Bacterial Overgrowth

SIBO is a condition defined by the presence of patho-
logical amounts or types of bacteria at the level of the
small bowel, responsible for a malabsorption syndrome,
clinically evident with a spectrum of symptoms such as
diarrhea, flatulence, abdominal pain, bloating, and, in
more severe cases, anemia, weight and bone loss [26, 27].
Bacterial overgrowth is associated with the presence of
several predisposing conditions: conditions causing sta-
sis, gastric resections with reduced efficacy of ‘gastric fil-
ter’ as well as intestinal resection with altered efficacy of
the ileo-cecal valve [26, 27]. Although characterized by a
very different pathophysiology, all these conditions are
responsible for allowing bacteria to pass into or develop
in the small bowel. A predisposing condition is crucial for
SIBO to occur. Indeed, its prevalence in patients with one
of these conditions is extremely high and larger than that
seen in patients without [28].

A thoughtful review of Lin [16] has put forward the
hypothesis that SIBO could represent a framework to un-
derstand IBS. The possibility that SIBO may explain
bloating is suggested by the greater total hydrogen excre-
tion after lactulose ingestion, the correlation between the
pattern of bowel movement and the type of excreted gas,
the prevalence of abnormal lactulose breath test in 84%
of IBS patients, and the large improvement (up to 75%)
of IBS symptoms after eradication of SIBO. Altered gas-
trointestinal motility and sensation, changed activity of
the central nervous system, and increased sympathetic
drive and immune activation may be interpreted as con-
sequences of the host response to SIBO [16]. To further
support abnormal enteric flora as the contributing cause

42 Digestion 2006;73(suppl 1):38-46

of IBS, two recent studies have shown that metronidazole
[29] and neomycin [30] are both able to cause a significant
symptomatic improvement in this condition.

The original study [31] suggesting a high prevalence of
SIBO in IBS patients was criticized because of the low
accuracy of the lactulose breath test, which was used to
define bacterial overgrowth. And indeed, glucose has now
become the preferred substrate for hydrogen breath test-
ing. However, the glucose breath test also presents some
drawbacks, the most important being the negative inter-
ference on its accuracy by an accelerated gastrointestinal
transit, which becomes responsible for glucose malab-
sorption, glucose fermentation at colonic level and con-
sequent false-positive results [32]. Several preliminary
reports aimed at clarifying the potential association be-
tween SIBO and IBS were presented during the 2005 Di-
gestive Disease Week Meeting in Chicago. Lupascu et al.
[33] assessed the prevalence of SIBO by glucose breath
testing in IBS patients versus healthy controls. The study
involved patients with IBS as defined by Rome II criteria;
an appropriately matched group without IBS served as
the control population. The investigators found a signifi-
cantly increased (p < 0.05) proportion of patients with
SIBO among patients in the IBS group: 20 of 65 (30.7%)
compared with 4 of 102 (3.9%) controls. McCallum et al.
[34] presented additional evidence on the association of
SIBO with IBS. They evaluated only IBS patients with
diarrhea using the glucose breath test and a prevalence
rate of SIBO of 38.5% was found. However, in this work
a 75-gram dose of glucose was administered and such a
high carbohydrate load may be responsible for false-pos-
itive results, also taking into account that the enrolled
subset of diarrhea patients was likely to have accelerated
intestinal transit. For the breath-test analysis, 74.5% of
patients were positive only by H, analysis, and 23.6%
were positive only by the CH, analysis. The investigators
suggested that both the H, and CH, analysis should be
performed to optimize the interpretation of these breath
tests in this population of patients. It was previously sug-
gested [35], but not yet confirmed, that an improved ac-
curacy of breath test for diagnosis of carbohydrate mal-
absorption may be achieved by taking into account not
only hydrogen but also methane measurements, while ab-
solute values of breath methane excretion by its own
proved to be inadequate for diagnostic purposes [36, 37].
Fasting breath CH, excretion indeed shows a continuous
fluctuation reflecting either variations in production or
release from fecal material into the lumen. This latter
phenomenon is more likely since methanogenic flora is
primarily located in the semisolid fecal component of the
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Table 3. Antimicrobial regimens used in the treatment of small intestine bacterial overgrowth

Drug Dose n Predisposing conditions Responders
Tetracycline

Kahn et al., 1966 [43] 250 mg q.i.d. 4 Scleroderma 75%

Goldstein et al., 1961 [44] 250 mg q.i.d. 1 Billroth IT +

Gorbach and Tabaqchali, 1969 [51] 250 mg q.i.d. 1 Ileocolonic anastomosis in Crohn’s disease -

Bjorneklett et al., 1983 [45] NA 3 Small bowel diverticulosis 100%

Di Stefano et al., 2000 [9] 333 mg t.i.d. 11 Gastrointestinal surgery, intestinal stasis 27%
Chloramphenicol

Goldstein et al., 1961 [44] 500 mg q.i.d. 1 Billroth II +
Lincomycin

Bjorneklett et al., 1983 [45] NA 1 Radiation fibrosis -

Gorbach and Tabagqchali, 1969 [51] 500 mg t.i.d. 2 Small bowel diverticulosis 50%
Ampicillin

Goldstein et al., 1970 [52] 250 mg q.i.d. 1 Diabetic autonomic neuropathy +
Metronidazole

Bjorneklett et al., 1983 [45] NA 6 Radiation fibrosis, small bowel diverticulosis 83%
Cotrimoxazole

Elsborg, 1977 [53] 400 mg b.i.d 1 Small bowel diverticulosis +
Norfloxacin

Attar et al., 1999 [54] 400 mg b.1.d. 10 Gastrointestinal surgery or intestinal stasis 30%
Amoxicillin-clavulanic acid

Attar et al., 1999 [54] 500 mg t.i.d. 10 Gastrointestinal surgery or intestinal stasis 50%
Rifaximin

Trespi and Ferrieri, 1999 [55] 400 mg t.i.d. 8 Chronic pancreatitis and Billroth 1T 100%

Di Stefano et al., 2000 [9] 400 mg t.i.d. 10 Gastrointestinal surgery or intestinal stasis 70%

NA = Not applicable; + = positive effect of therapy; — = no effect of therapy.

left colon [38, 39] and bubbles of CH,, trapped in the co-
lon, may be intermittently released with the induction of
fecal stirring [40].

It is worth mentioning that in IBS patients the preva-
lence of SIBO diagnosed according to the gold standard
for this condition (i.e. culture of small bowel aspirate) is
much lower than that reported by using indirect methods.
In this connection, Simrén et al. [41] performed culture
of small bowel aspirate in 33 IBS patients, diagnosed ac-
cording to Rome II criteria and refractory to standard
medical therapy, and found that only 3 (9%) patients
showed >100,000 bacteria/ml of small bowel aspirate. In
any event, a prevalence of 10% could be considered a rea-
sonable figure. Given the high prevalence of IBS in the
general population, this proportion of patients represents
arelevant number of subjects, which makes the search for
SIBO cost-effective.

Provided SIBO is diagnosed in IBS patients, the ther-
apeutic strategy should be aimed first of all at removing
the predisposing condition. Since this is not always pos-
sible, antibiotic administration represents — together with

Treatment of FBDs: Is There Room for
Antibiotics?

adequate nutritional support — the main strategy, albeit
there is no agreement regarding the most effective drug
and regimen. Moreover, there are no available studies
dealing with composition of contaminating flora in IBS,
so that no specific species or strains could be considered
responsible for this abnormality. Up to now the contam-
inating flora has believed to be polymicrobic in nature
and, therefore, the use of wide-spectrum antibiotics con-
sidered mandatory [26, 27]. Several antibiotics have
shown to be effective (table 3) (for a review, see Di Ste-
fano and Corazza [42]). Despite the fact that anaerobes
are the bacteria responsible for the most important meta-
bolic consequences of SIBO, tetracyclines (whose efficacy
against those bacteria is quite low) have long been re-
garded as the drugs of choice [43-45]. Their action on
anaerobes is probably indirect, i.e. mediated by their ef-
fect on aerobes. Indeed tetracyclines do increase oxygen
availability, making the environment unfavorable for an-
aerobes. While metronidazole — being very active on an-
aerobes [45] - is still used, cephalosporins, lincomycin
and chloramphenicol have been abandoned [44-46].
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Table 4. Effect of rifaximin (1,200 mg daily) or chlortetracycline
(1,000 mg daily) for 7 days on symptom severity in patients with
SIBO (from Di Stefano et al. [9])

Symptom score p value*
before therapy after therapy

Diarrhea

Rifaximin 1.9+0.3 1.0+0.5 0.05

Chlortetracycline 2.0+0.2 1.8+0.4 NS
Borborigmi

Rifaximin 1.7£0.3 0.9+0.4 0.05

Chlortetracycline 1.8+0.3 1.5+0.4 NS
Lassitude

Rifaximin 1.8+0.3 1.1£0.3 <0.03

Chlortetracycline 1.6+0.2 1.3+0.4 NS
Anorexia

Rifaximin 1.0£0.0 1.0£0.0 NS

Chlortetracycline 1.8+0.3 1.9+0.3 NS
Abdominal pain

Rifaximin 0.7+0.2 0.7%0.1 NS

Chlortetracycline 0.7+0.1 0.7+£0.2 NS
Bloating

Rifaximin 1.7£0.3 1.6x0.4 NS

Chlortetracycline 1.6+0.3 1.6x0.4 NS
Mean cumulative score

Rifaximin 6.3x1.2 52%0.5 <0.01

Chlortetracycline 6.6x1.3 6.4x1.2 NS

Mean = SD values. NS = Not significant.
* Wilcoxon test with Bonferroni-type correction for multiple
comparisons.

Quinolones and amoxicillin-clavulanic acid combination
have also recently been employed thanks to their good
tolerability [47].

Rifaximin, a poorly absorbed rifamycin derivative, is
effective against aerobes and anaerobes, both Gram-pos-
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Note Added in Proof

While this paper was being submitted,
Lauritano et al. [56] did publish a dose-find-
ing study to evaluate the effectiveness of ri-
faximin in patients with SIBO (based on
positivity of glucose breath test). As expect-
ed, a dose-dependent eradication rate was
observed, with the maximum effect (i.e.
60%) seen at 1,200 mg daily. Prolonging the
duration of treament (from 7 to 10 days) ap-
pears to increase the success of therapy [9].

The results of a double-blind, random-
ized, placebo-controlled study [57] on the
rifaximin efficacy in patients with IBS were
presented at the recent meeting of the
American College of Gastroenterology in
Honolulu (Hawaii, USA). Antibiotic treat-
ment (1,200 mg daily for 10 days) resulted
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Digestion 2006;73(suppl 1):38-46

ina 37.7 £ 5.8% overall symptom improve-
ment, a figure significantly (p < 0.05) higher
than that observed with placebo (i.e. 23.4 +
4.3%). Amongst the patients with diarrhea,
rifaximin benefit was seen in 49% of them.
These findings overlapping those obtained
with neomycin [30] suggest that the use of
poorly absorbed antimicrobials is effective
and should be preferred to the systemic
ones, which can themselves lead to the de-
velopment of abdominal symptoms, in-
cluding those of the IBS, as well as other
functional symptoms [58]. Whether the use
of antibiotics should be followed by a course
of probiotics to reconstitute intestinal flora,
an approach often adopted in clinical prac-
tice, has never been formally assessed.
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was almost unknown of the 19th century, by 1920, basic
understanding of the disease had been established, and it
had become clear that prevalence was increasing [2].
Painter et al. [3] proposed that diets deficient in fiber
would elevate intraluminal pressure, leading to segmenta-
tion of the colon and finally resulting in diverticulosis.
Such diets, associated with developed societies, would be
responsible for the striking geographical differences in
prevalence of diverticulosis.

It is not possible to define accurately the true preva-
lence of diverticulosis, as most individuals are asymptom-
atic. Prevalence of diverticular disease increases with age.
Autopsy studies in western countries indicate that over
30% of adults, and over 50% of individuals older than 40
have colonic diverticulosis [4]. The incidence of diver-
ticulosis has risen dramatically during the last century. In
1930 the prevalence among the North American popula-
tion estimated from barium enema studies was 5-8%,
whereas a recent colonoscopy study found extensive distal
diverticulosis in 23% of subjects with a mean age of 58.6
years [1, 5]. No overall sex differences have been clearly
established although admissions for diverticulitis are
more frequent in men in age groups <65 years, whereas in
older patients female gender is more frequent [6].

Geographical differences have been recognized both in
disease prevalence and in anatomic distribution of diver-
ticula. Although prevalence can reach 50% in older age
groups in western societies, it is less than 2% in rural Af-
rica [6]. The prevalence rate in Singapore, a developed
Eastern country, as estimated by barium enema, is com-
parable to that in western countries [7]. Japanese studies
provide valuable information about the mechanisms in-
volved in diverticular disease. As this country has changed
its traditional diet for a more western-type diet, the prev-
alence of diverticulosis had increased steadily. One differ-
ential aspect between diverticular disease in the West and
Asia is the predominant right location in the latter. Miura
et al. [8] observed right colon location in 83% of patients,
whereas only 17% had lesions located exclusively in the
left colon. An autopsy study in Japanese Hawaiians showed
high prevalence rates of diverticulosis, which were pre-
dominantly located in the right colon [9]. It seems that the
adoption of western lifestyles in Asian countries results in
a higher prevalence of diverticulosis, which are however
located mainly in the right colon. Accordingly, it is thought
that both right-sided diverticulosis in Asian countries and
left-sided diverticula in western countries are associated
with low fiber intake [10]. Therefore — although the cause
for diverticular disease may be acquired — racial and con-
genital factors may control the site of development.

48 Digestion 2006;73(suppl 1):47-57

Pathophysiology

The pathophysiology of colonic diverticular disease
has not yet been completely understood, but it is believed
to involve multifactorial events. The main factors consid-
ered to play a role in the development of diverticular dis-
ease are dietary factors, colonic motility and structural
changes affecting the colonic wall. The pathogenesis of
acute diverticulitis and diverticular bleeding will also be
briefly reviewed.

Diet

In 1971, Painter and Burkitt [1] hypothesized that co-
lonic diverticulosis is a deficiency disease of western civ-
ilization, related to a removal of vegetable fiber from the
diet, and therefore preventable in the same way as scurvy.
They postulated a relation with the development of di-
verticulosis through a mechanism of colonic segmenta-
tion, which would be responsible for mucosal herniation
by generating high intrasegmental pressures. This hy-
pothesis suggests that high-fiber diets result in large vol-
ume of faeces and wide colon diameter, with less effective
segmentation, decreased intracolonic pressure and re-
duced risk for developing diverticula. Gear et al. [11]
found colonic diverticulosis by barium enema in 12% of
vegetarians compared to 33% of non-vegetarians, with a
significantly higher fiber intake in the former. This di-
etary hypothesis has been supported by some studies, but
not by all [12-14]. Moreover, animal studies have shown
an increased risk for developing diverticulosis in rats fed
with a fiber-deficient diet compared to a high-fiber diet
(42 vs. 0%, respectively) [15]. In another study, maternal
high-fiber diet was associated with a decreased risk for
diverticulosis in the offsprings [16]. Higher concentra-
tions of short chain fatty acids were found in high-fiber
fed rats, although no clear connection with collagen cross-
linking could be established.

One report which evaluated a prospective cohort of
over 47,000 health professionals found that total dietary
fiber intake was inversely associated with the risk of di-
verticular disease, with a relative risk of 0.58 for men in
the highest quintile of dietary fiber [17]. In another study
on the same cohort, the insoluble component of fiber was
significantly associated with a decreased risk of diverticu-
lar disease, and this inverse association was especially
strong for cellulose [18]. A negative correlation between
dietary fiber intake and the incidence of colonic diver-
ticulosis has been observed also for right-sided diverticu-
losis in Japan [10].
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Table 1. Intraluminal colonic pressure in patients in patients with diverticular disease

Resting Post- Provoc- Symptoms
prandial ative

Painter et al., 1964 [3] Normal - High -
Arfwidsson, 1964 [21] High High High -
Parks and Connell, 1969 [27] High High - -
Attisha and Smith, 1969 [20] Normal High High -
Sugihara et al., 1983 [23] High - High Both
Trotman and Misiewicz, 1988 [28] High High - Symptomatic
Cortesini and Pantalone, 1991 [25] High High - Differentiates upon symptoms
Christopher et al., 2000 [22] High High - Asymptomatic

Colonic Motility

Colonic motility features in diverticular disease have
been studied and differences in intracolonic pressure
have been searched for between normal subjects and
those with diverticulosis (table 1). Painter et al. [3, 19]
used manometry and simultaneous cineradiography to
show that the contraction of the circular muscle pro-
duced colonic segmentation with bladder formation. The
coincidence of segmentation (obstructing contraction
rings) and contraction of the bladder itself resulted in
localized high pressure, which then led to diverticula for-
mation. They found a greater increase in intraluminal
pressure after injection of provocative agents (morphine
or prostigmine) in patients with diverticulosis compared
to healthy patients, but no differences were noted in the
resting pressure [19]. Other investigators found excessive
response to prostigmine but no basal differences with
controls, or raised resting and food-provoked intraco-
lonic pressure, and a greater increase after prostigmine
injection [20, 21]. Christopher et al. [22] reported in ab-
stract form abnormally strong pressure waves in the di-
verticular segment compared to adjacent segments or the
normal colon, especially after meals and waking up. One
Japanese study showed high resting and prostigmine-
stimulated intraluminal pressures in right-sided diver-
ticular disease [23].

Although some confusion arises from the results of the
available studies, it is generally believed that there is an
increased phasic activity that could be related to symp-
toms rather than to the existence of diverticula [24, 25].
Methodological shortcomings, such as recordings from
short segments, for short periods, previous colonic cleans-
ing and others, can account for discrepant results when
studying colonic manometry, not only in patients with
diverticulosis [24, 26].

Pathophysiology and Clinical Picture of
Colonic Diverticular Disease

Shafik et al. [29] investigated electromyographic activ-
ity of the sigmoid and descending colon, and intracolon-
ic pressure, including patients with early or advanced di-
verticular disease and healthy volunteers. Three patterns
of electrical activity were found in patients with diver-
ticulosis: tachyrhythmic (early disease), bradyrhythmic
and silent (advanced disease). The authors hypothesize
that this abnormal activity may result from an alteration
in the colonic pacemaker, and that persistent increased
pressure in advanced diverticulosis despite decreased
motor activity would be connected to sigmoid colon nar-
rowing due to fibrosis.

Huizinga et al. [30] investigated electric activity from
circular and longitudinal muscle tissue from 12 patients
who had undergone surgery for diverticular disease.
They found changes in electrical activity, with predomi-
nance of slow-wave activity and lack of periodic bursts
normally associated with propulsive activity. This would
favour segmental contractions causing localized high
pressures, thus supporting Painter and Burkitt’s hypoth-
esis [1].

Increased cholinergic activity has been shown in
smooth muscle in diverticular disease (in vitro studies)
and it is believed to be related to a dominance of cholin-
ergic nerves [31]. In the same study, nitric oxide appeared
to mediate the muscle relaxation reaction in the normal
colon and to a lesser extent in the diverticula bearing co-
lon. However, the results from an immunohistochemistry
and pharmacological study suggested that in diverticular
disease increased cholinergic activity might be related to
denervation hypersensitivity, with decreased cholinergic
innervation and compensatory upregulation of smooth
muscle Mj receptors [32].
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Fig. 1. Pathophysiology of diverticula for-
mation (modified from Mimura et al.
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Structural Changes in the Colonic Wall

Both circular and longitudinal muscle in colonic diver-
ticulosis show abnormalities on gross pathological exam-
ination. The taeniae coli are enlarged and shortened, a
fact often attributed to contraction secondary to elastin
deposition, which can be double than in normal subjects
[33]. Shortening of the taenia coli produces abnormalities
in the circular layer, with resulting shortening and thick-
ening, luminal narrowing, and typical concertina-like ap-
pearance. Weakness of the colonic wall could account for
the increased prevalence of diverticular disease in west-
ern countries compared to African individuals. An au-
topsy study compared the mechanical properties of colon
specimens from the UK (16% with diverticulosis) and
Uganda (none of which had diverticula) [34]. The tensile
strength was reduced with increasing age in both popula-
tions, and the left colon had lower tensile strength and
was narrower than the right colon. Specimens from the
African population were stronger and wider.

The submucosal layer is composed mainly by collagen
fibrils, and plays the most important part in maintaining
the integrity and properties of the colonic wall. The vis-
coelastic properties of elastin and collagen give the co-
lonic wall its stability, strength and maintenance of the
shape [15, 16, 34, 35]. Collagen has inter- and intramo-
lecular cross-links that stabilize and give strength to the
tissue where it is located, but excessive cross-linking of
collagen is believed to lead to rigidity and loss of tensile
strength [36]. An autopsy study by Wess et al. [36] showed
that — although the total amount of collagen was not ele-
vated in diverticular colon compared to controls — differ-
ences in collagen nature with increased cross-linking were
noted with increasing age and in diverticular colon, which
might cause the rigidity and inflexibility of the colonic
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wall. Two animal studies from the same group also sug-
gested that fiber content in diet might determine the na-
ture of collagen, and the development of diverticular dis-
ease [15, 16]. Bode et al. [37] observed and increased
synthesis of type III collagen in diverticulosis, although
its significance remains to be elucidated.

Matrix metalloproteinases (MMPs) are a family of
zinc-containing endopeptidases capable of degrading ex-
tracellular matrix, and are regulated by tissue inhibitors
of MMPs (TIMPs). They are involved in normal physi-
ological processes such as morphogenesis, wound healing
and tissue remodelling, but they have also been impli-
cated in pathological conditions like rheumatoid arthri-
tis, inflammatory bowel disease, tumour invasion and
metastasis [38]. Mimura et al. [39] observed increased
collagen content in the mucosal and submucosal layer in
both complicated and uncomplicated diverticulosis, and
increased expression of TIMP-1 and TIMP-2 in the prop-
er muscle layer in complicated diverticulosis compared
to normal subjects. Increased collagen I expression and a
decrease in the expression of the collagenase MMP-1 was
found in colonic tissue in patients with diverticulitis by
immunohistochemistry [40]. Collagen metabolism and
interactions of the extracellular matrix components may
play a role in remodelling the gut wall in diverticular dis-
ease. The mechanisms involved in the formation of di-
verticula are summarized in figure 1.

Pathogenesis of Diverticulitis

Diverticula may contain particles of faecal matter
(fig. 2). Although it was believed that the obstruction of
the diverticula by those faecaliths would increase intralu-
minal pressure and cause perforation, currently it is ac-
cepted that it is the abrasion of the mucosa that results in
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Fig. 2. Diverticula in the sigmoid colon; one of them shows faecal
impaction.

inflammation [41]. Inflammation can be initially low
grade and chronic, with associated hyperplasia of lym-
phoid tissue, and eventually progress to active inflamma-
tion in the mucosa (fig. 3 and 4). A small microperfora-
tion may occur within the diverticulum forming an ab-
scess, which may remain localized or lead to phlegmon in
the surrounding pericolic and mesenteric fat, or involving
adjacent organs producing fistula or obstruction, or even
freely perforate. Rupture of an abscess rather than rup-
ture of an inflamed diverticulum per se is believed to be
the most common cause of acute peritonitis [41].

Colonic inflammation in patients with diverticulosis
can occur not only in the diverticulum itself, but segmen-
tal active sigmoid colitis mimicking Crohn’s disease has
been reported [41-44]. The cause for Crohn’s disease-like
changes may be multifactorial, including mucosal redun-
dancy and prolapse with ischaemic phenomena, peridi-
verticular inflammation, increased exposure to intralu-
minal antigens and toxins, and bacterial flora changes
related to stasis [41, 43]. Nevertheless, this entity is infre-
quently observed; in one study it was present in 1.3% of
the colons resected for diverticulitis [44].

Small intestinal bacterial overgrowth has been shown
in acute uncomplicated diverticulitis, which could be sec-
ondary at least in part to colonic bacterial overgrowth; it
might play a role in the development of symptoms in
those patients [45]. The sequence of events leading to
acute diverticulitis is summarized in figure 5.

Pathophysiology and Clinical Picture of
Colonic Diverticular Disease

Fig. 3. Endoscopic findings in acute diverticulitis: mucosal ery-
thema and discharge of purulent material.

Fig. 4. Granulation tissue (histologically confirmed) inside a diver-
ticulum, indicating post-inflammatory state.

Pathogenesis of Diverticular Bleeding

As diverticula herniate, the vasa recta penetrating
through the circular muscle layer are displaced to the dome
of the diverticulum where they are exposed to injury in the
luminal aspect (fig. 6). Meyers et al. [46] performed a path-
ological study of colons resected for bleeding, in which the
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Fig. 5. Pathophysiology of diverticulitis [adapted from 41].

bleeding site had been identified. In all cases the cause was
rupture of the vasa recta with ulceration of the overlying
mucosa, which had occurred in 75% of cases at the dome,
and in the remaining cases at the margin near the neck.
The vasa recta showed structural abnormalities both at
and near the site of rupture, such as eccentric fibromuscu-
lar intimal thickening and thinning of the media layer.
However, acute or chronic diverticulitis was not present.
In more than 50% of diverticular bleeding cases requiring
surgery, the lesion is right-sided [46, 47]. This could be due
to the wider necks and domes of right-sided diverticula,
with vasa recta exposed to injury over a greater length [43].
Non-steroidal anti-inflammatory drugs may be an impor-
tant risk factor for diverticular bleeding [47, 48].

Clinical Picture

The spectrum of the clinical picture of diverticulosis
is summarized in figure 7.

Uncomplicated Diverticulosis

Colonic diverticulosis is a highly prevalent condition
in western societies, but 75-80% of patients with ana-
tomical diverticulosis will never develop symptoms [49-
51]. Asymptomatic patients are diagnosed during exami-
nations carried out for another reason, or with increas-
ing frequency during colonoscopy for colorectal cancer
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Fig. 6. A vas rectum is seen entering the diverticulum.

screening [6]. Although such individuals do not require
any further diagnostic evaluation, it is reasonable to rec-
ommend a high-fiber diet [51]. A significant inverse as-
sociation has been observed between insoluble fiber in-
take and the risk of developing symptomatic diverticulo-
sis [18].

A proportion of patients with diverticulosis report re-
current colicky abdominal pain, and/or changed bowel
habits without any findings consistent with diverticulitis,
which has been called uncomplicated symptomatic diver-
ticulosis. Bouts of abdominal pain in these patients may
be related to abnormal colon motility. In a controlled
study, episodes of cramping abdominal pain were coinci-
dent with a regular colonic contractile pattern, as assessed
by 24-hour colonic manometry [52].

Considering the high prevalence of irritable bowel syn-
drome (IBS) (5-25%) and diverticulosis (10-66%), both
conditions may coexist frequently [51, 53]. One study
showed heightened visceral perception of rectosigmoid
perception (and not only in the area with diverticula), not
due to altered compliance of the bowel wall [54]. This
situation of hyperperception resembles IBS. In a commu-
nity-based survey, Simpson et al. [55] studied 261 pa-
tients with diverticulosis diagnosed by barium enema,
and observed that 14% met the Rome I criteria for IBS,
36% had recurrent short-lived pain, and 19% had epi-
sodes of prolonged pain lasting for 1 day or longer, which
in more than 60% required emergency medical attention.
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Fig. 7. Possible clinical status in patients
with colonic diverticulosis.

In greater than half of the patients with prolonged pain,
there was also short-lived pain as part of their usual bow-
el habit. The authors concluded that recurrent short-lived
pain (similar to that seen in IBS) often occurs in patients
who have experienced prolonged pain attributable to di-
verticulitis. However, the presence of colonic diverticula
does not seem to change the natural history of IBS [53].
The connection and/or differences between uncomplicat-
ed symptomatic diverticulosis and IBS should be further
clarified in future studies.

A high-fiber diet is recommended for patients with
symptomatic uncomplicated diverticulosis [51]. Al-
though there is theoretically no rationale for the use of
antibiotics in this group of patients, two Italian random-
ized trials comparing daily fiber supplementation alone
or with cyclic administration of oral rifaximin for 12
months showed that significantly more patients in the ri-
faximin group were free of symptoms, and in one of the
studies the incidence of complications (mainly diverticu-
litis) was also reduced [56, 57]. Although the mechanism
for such improvement is unknown, the authors postulate
that it could be related to a reduction in gas production
and in bacterial overgrowth.

Diverticulitis

Between 10 and 25% of the patients with known di-
verticular disease suffer diverticulitis [58]. A grading sys-
tem was developed by Hinchey et al. [59], including four
stages: stage I confined pericolic abscess, stage 11 distant
abscess, stage 111 generalized purulent peritonitis by rup-
ture of a pericolic or pelvic abscess, and stage IV faecal
peritonitis with free perforation of a diverticulum. Left
lower quadrant pain is almost universal in sigmoid di-

Pathophysiology and Clinical Picture of
Colonic Diverticular Disease

Diverticulosis
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Complicated
(10 — 25%)

Non-specific Diverticulitis Diverticular
symptoms (10-25%) bleeding
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verticulitis except for immunocompromised patients,
whereas right-sided diverticula present symptoms sug-
gestive of acute appendicitis with right-quadrant pain.
Constipation takes place in 43-60% of the cases by en-
trapment of small bowel loops in the inflammatory pro-
cess, in case of peritoneal irritation, or in the presence of
colonic stenosis [41]. Fever is common in patients suf-
fering from diverticulitis, but hypotension and shock are
rare and generally found in more severe cases. Perfora-
tion into an adjacent organ can lead to the formation of
fistulae. In one study from the Cleveland Clinic, 65, 25
and 6% of all internal fistulas were colovesical, colovagi-
nal and coloenteric, respectively [60]. After recurrent ep-
isodes of diverticulitis, strictures may develop, present-
ing usually with insidious symptoms but sometimes as
an obstruction. Surgery is the treatment of choice, and
endoscopic management may be attempted only for se-
lected cases unfit for surgery [61]. Klein et al. [62] re-
ported three cases with extraintestinal manifestations
typical of inflammatory bowel disease (arthritis and
pyoderma gangrenosum) unresponsive to medical treat-
ment, which resolved after surgical resection for diver-
ticulitis.

About 75% of cases correspond to ‘non-complicated’
diverticulitis (stage I), which usually respond to conserva-
tive treatment. In the remaining cases surgery is advo-
cated.

In 25-30% of the cases, symptoms of diverticulitis
will recur after a first episode. Therefore, elective resec-
tion is generally recommended after two well-document-
ed episodes of diverticulitis [51, 63-65]. Immunocom-
promised patients have a higher risk of complicated dis-
ease and surgery might be indicated after one single
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Fig. 8. Adherent clot attached to diverticulum in a patient with acute lower gastrointestinal bleeding before (a)
and after (b) 1:10,000 epinephrine injection.

/2005 M .

Fig. 9. a Red protuberance at the bottom of a diverticulum. b One Hemoclip is applied after injection of 1:10,000
epinephrine solution.

attack [64]. In younger patients (<40 years) the first at- sidered in young patients, although evidence from con-
tack is usually more severe, requiring surgery more fre- trolled studies is lacking and the natural history of diver-
quently, and the risk for recurrence after initial response ticulitis in young patients is not clearly defined [51, 63,
to conservative treatment is also increased [66, 67]. Re-  65].

section after the first episode of diverticulitis can be con-
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Diverticular Bleeding

Significant bleeding occurs in 3-5% of patients with
diverticulosis and accounts for approximately 40% of
lower haemorrhage episodes [68-70]. Rectal bleeding
should not be attributed to diverticula until other sourc-
es of bleeding have been ruled out (especially vascular
lesions and neoplasms). Diverticular bleeding remains
the major cause for acute lower bleeding in most series,
followed by angiodysplasia, although these results may
vary depending on the criteria employed to define the
bleeding episode [70]. Bleeding ceases spontaneously in
75-80% of the patients, out of whom 25-35% will present
rebleeding [69, 70]. The diagnosis of definite diverticular
bleeding requires the recognition of bleeding stigmata
[71] (fig. 8, 9). Most case series report successful endo-
scopic haemostasis in patients with stigmata of bleeding
[70-72]. In one study by Jensen et al. [71], 22% of pa-
tients with lower haemorrhage had diverticula with
bleeding stigmata. Bleeding recurred in 53% of patients
treated medically, one-third of which required emergen-
cy surgery. However, no early or delayed recurrence (af-
ter a median follow-up of 2 years) took place in the pa-
tients who underwent endoscopic haemostatic treatment
with epinephrine injection and/or bipolar coagulation, a
statistically significant difference. However in another
study, 38% of the patients experienced recurrent bleeding
after endoscopic haemostasis [73]. Endoscopic treatment
may modify the natural history of diverticular bleeding
by preventing recurrences, but its role has to be further
clarified in larger studies with longer follow-up periods.
In the hands of an expert interventional radiologist, su-
perselective microcoil embolization achieved successful
haemostasis in 81% of cases of acute lower haemorrhage,
most of which corresponded to diverticular bleeding
[74]. In cases of persisting or recurrent bleeding despite
colonoscopic and/or angiographic treatment, all reason-
able efforts are justified in order to localize the bleeding
lesion preoperatively, as the outcome of blind colectomy
in the situation of massive bleeding is dismal. In a case
review study made on patients who underwent emergen-
cy total colectomies for unknown bleeding sites, 57% de-
veloped peritonitis and 29% died [75].

Conclusions and Perspectives for the Future

Diverticular disease of the colon covers a wide clinical
spectrum: from an incidental finding to symptomatic un-
complicated disease to diverticulitis. A quarter of pa-
tients with diverticulitis will develop potentially life-

Pathophysiology and Clinical Picture of
Colonic Diverticular Disease

threatening complications including perforation, fistulae,
obstruction or stricture. In Western countries, diverticu-
lar disease predominantly affects the left colon, its preva-
lence increases with age and its causation has been linked
to a low dietary fiber intake. Right-sided diverticular dis-
ease is more commonly seen in Asian populations and
affects younger patients. Pathogenesis of the disease re-
mains unclear. However, it is the result of complex inter-
actions between colonic structure, intestinal motility, diet
and genetic factors.

Why symptoms develop is still unclear. Results of re-
cent experimental studies on IBS suggest that low-grade
inflammation of colonic mucosa, induced by changes in
bacterial microflora, could affect the enteric nervous sys-
tem, which is crucial for normal gut function, thus favor-
ing symptom development. This hypothesis could be ex-
trapolated also for diverticular disease, since bacterial
overgrowth is present, at least in a considerable propor-
tion of patients [76].

Diverticular disease of the colon is a significant cause
of morbidity and mortality in the Western world and its
frequency has increased throughout the whole of the 20th
century. As our elderly population continues to grow, a
concomitant rise can be anticipated in the number of pa-
tients with diverticular disease, who will absorb an in-
creasing portion of our gastroenterological and surgical
workload.

Diagnosis is primarily by barium enema and colonos-
copy, but more sophisticated imaging procedures such as
high-resolution ultrasound [77] and computed tomogra-
phy [78] are increasingly being used to assess and treat
complications such as abscess or fistula, or to provide al-
ternative diagnoses if diverticulosis is not confirmed.
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dividuals eating a refined western diet low in fiber (and
rich in fat), have colonic transit times of approximately
80 h, and mean stool weights of about 110 g/day, whilst
the rural Ugandans, eating very high-fiber diets, have a
significantly shorter transit times (about 34 h), and stool
weights >450 g/day [4-6].

In patients with asymptomatic diverticulosis, the
greatest benefits in preventing the diverticular inflamma-
tion are seen in those individuals consuming an average
of 32 g/day of total fiber as demonstrated in a prospective
study following 51,529 US males over a 6-year period [7].
A significant inverse association between insoluble di-
etary fiber intake (especially fruit and vegetable) and the
risk of subsequent development of symptomatic diver-
ticular disease (relative risk = 0.63, 95% CI 0.44-0.91)
does exist. It should be noted that gas production from
fiber metabolism may limit acceptance. This is particu-
larly true for bran [8] and other insoluble fibers. On the
contrary, soluble fibers (psyllium, ispaghula, calcium
polycarbophil, glucomannan) appear to be better toler-
ated and accepted [9].

Symptomatic Diverticular Disease

Patients can present with non-specific abdominal com-
plaints, e.g., lower abdominal pain, usually left-sided, and
subsequently be shown to have diverticulosis coli; a caus-
al relation is sometimes difficult to establish. Such pa-
tients do not usually manifest signs of inflammation, such
as fever or increased white blood cell count, which could
indicate diverticulitis. Pain is generally exacerbated by
eating and diminished with defecation or flatus, which
suggests colonic wall tension due to raised intraluminal
pressure [10]. Patients might also report other symptoms
such as bloating or alteration in bowel habit, which over-
lap those seen in irritable bowel syndrome [11].

The aim of treatment is of course to reduce the fre-
quency and severity of diverticular-related symptoms
and prevent the complications. Fibers, antispasmodics
and poorly absorbed antimicrobials are generally used in
this clinical setting.

Fibers

Several uncontrolled studies have suggested a good ef-
fect of a fiber-rich diet in patients with intestinal symp-
toms and diverticulosis. The first randomized, double-
blind, placebo-controlled trial of a high-fiber diet in
patients with symptomatic diverticular disease has
shown - after 3 months of fiber intake — a statistically
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significant decrease in bowel symptoms in all the 18 pa-
tients studied [12]. However, these favourable results
have not been confirmed in a large controlled study where
patients were treated with wheat bran (24 g/day) for up
to 4 months [13].

Although epidemiological data and pathogenic mech-
anisms strongly suggest that some symptom relief can be
expected in patients with uncomplicated disease on a
high-fiber diet, results from clinical trials have so far been
conflicting. In any case, historically, food containing large
pieces of fiber (such as nuts, corn, seeds) has been exclud-
ed from such diets due to the fear that they might become
entrapped in diverticula; however, controlled studies that
support this belief are lacking. Furthermore, there are no
data to support a role for any specific ‘elimination’ diet
in this disorder.

Antispasmodics

The documented hypermotility of the colon in diver-
ticular disease suggests that anticholinergic and antispas-
modic agents may improve symptoms by inducing mus-
cle relaxation. However, randomised controlled trials
failed to clearly document the efficacy of these agents [14].
Intravenous glucagon has been reported in one study to
offer short-term relief of pain [15], most likely thanks to
its muscle-relaxing activity.

Poorly Absorbed Antimicrobials

Some observations suggest a possible role of gut micro-
flora in determining symptoms related to diverticular dis-
ease. Indeed, bacterial metabolism is the major source of
intestinal gas such as H,, CO, and CH, via carbohydrate
fermentation [16]. Excessive production of bowel gas can
play a role in determining abdominal symptoms such as
bloating, pain and discomfort [17]. Antimicrobial drugs
have been shown to reduce colonic H, production[18, 19]
and gas-related symptoms [20, 21]. In addition, antimi-
crobial therapy causes a rise in mean stool weight in sub-
jects on a constant fiber intake, most likely because of a
reduced fiber degradation consequent to the decline in
bacterial population [22]. Both these findings represent a
rationale for antibiotic use in diverticular disease. The
reduction in gas production and the increase of faecal
mass both reduce the intraluminal pressure thus im-
proving symptoms and decreasing the enlargement and
stretching of diverticula as well as the generation of
new diverticula [14]. Nevertheless, the use of antibiotics
in uncomplicated diverticular disease without signs of in-
flammation is still debated. In a pilot multicentre open
trial, 217 patients with symptomatic uncomplicated di-
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Table 1. Studies addressing rifaximin in the treatment of symptomatic diverticular disease
Study Pa- Study design  Treatment Study Asymp- RD, % Compli- RD, %

tients period, tomatic (95% CI) cations, % (95% CI)
months patients, %

Papi et al. 217 Open Glucomannan 2 g 12 24 34.3 2.7 -1.8
1992 [25] Glucomannan 2 g + rifaximin! 58 (22.0-46.5) 0.9 (-5.3t0 1.7)
Latella et al. 968 Open Glucomannan 4 g 12 29 27.0 3.3 -1.8
2003 [26] Glucomannan 4 g + rifaximin! 56 (20.9-33.1) 1.3 (-3.8t00.1)
Papi et al. 168 Double-blind Glucomannan 2 g + placebo 12 39 29.7 2.3 0
1995 [27] Glucomannan 2 g + rifaximin' 69 (15.3-44.1) 23 (-4.6 to 4.6)

RD = Rate difference.
! Rifaximin 400 mg b.i.d. for 7 days each month for 12 months.

verticular disease were treated with glucomannan (a sol-
uble fiber) 2 g/day or with glucomannan plus rifaximin
(a poorly absorbed antibiotic with a wide spectrum of an-
tibacterial activity [24]) 400 mg twice a day for 7 days
each month [25] (table 1). Clinical evaluation was per-
formed at admission and at 2-month intervals for 12
months. At the end of the study period, 58% of patients
treated with rifaximin and glucomannan were symptom-
free compared to 24% of patients treated with glucoman-
nan only (p < 0.001). Similar results were obtained in a
large prospective open trial including 968 outpatients
with symptomatic diverticular disease (table 1) [26]. Pa-
tients were randomly assigned to receive fiber supplemen-
tation (glucomannan 4 g/day) or fiber supplementation
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plus rifaximin (400 mg twice a day for 7 days every month)
for 12 months. At the end of the study, 56.5% of patients
in the rifaximin group were symptom-free compared to
29.2% of patients in the fiber supplementation group
(p<0.001) (fig. 1). These results have also been confirmed
by a multicentre double-blind placebo-controlled trial
conducted on 168 patients with symptomatic uncompli-
cated diverticular disease (table 1) [27]. In this study the
patients were randomly assigned to receive fiber supple-
mentation (glucomannan 2 g/day) plus rifaximin (400 mg
twice a day for 7 days every month for 12 months), or fi-
ber supplementation plus placebo. Patients treated with
rifaximin showed a significantly greater reduction in the
symptom score compared to patients treated with placebo
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with an expected therapeutic gain of approximately 30%
compared to fiber supplementation alone after 1 year of
treatment.

Further support to rifaximin use in diverticular disease
comes from a recent study [28] showing that rifaximin
achieved a good symptomatic response also without sup-
plementation of dietary fiber. Patients were only advised
to follow a high-fiber diet. In the same study, rifaximin was
compared with mesalazine, an anti-inflammatory com-
pound widely used in the treatment of inflammatory bow-
el disease, which showed comparable efficacy. As expected,
addition of mesalazine to rifaximin did exert a synergistic
effect [29], most likely because the two drugs target differ-
ent pathophysiological abnormalities (namely enteric bac-
teria and mucosal inflammation). It is however worth men-
tioning that rifamycins display a fopical anti-inflammatory
activity [24], which could - in addition to the antimicro-
bial one — be useful in this clinical condition.

Uncomplicated Diverticulitis

Need for admission is the initial decision to be made
in uncomplicated diverticulitis, which is based on pa-
tient’s presentation, their ability to tolerate oral intake,
severity of illness, comorbid disease, and adequate outpa-
tient support. Outpatients should be treated with a clear
liquid diet and broad-spectrum oral antimicrobials with
activity against anaerobes and Gram-negative rods (in
particular, Escherichia coli and Bacteroides fragilis) [30].

Symptomatic improvement should generally be evi-
dent within 2-3 days, at which time diet can be slowly
advanced. Antibiotic treatment should also be continued
for 7-10 days. Patients needing admission should have
clear liquids or nothing by mouth and intravenous fluids.
Intravenous antimicrobials should also be started [30].
Improvement of symptoms is to be expected within 2-4
days, at which point diet can be resumed. If improvement
continues, patients may be discharged to complete a 7- to
10-day oral antibiotic course at home. Failure of conserva-
tive medical treatment warrants a diligent search for com-
plications, consideration of alternative diagnoses, and
surgical consultation. Most patients admitted with acute
diverticulitis will respond to conservative treatment, but
15-30% will need surgery during that time [31-33].

As far as antimicrobials are concerned, in absence of
clinical trials, recommendations are suggested by clini-
cal experience. Ampicillin, gentamycin, metronidazole,
piperacillin, clindamycin and tazobactam are the most
used antibiotics. Combination regimens such as anaero-
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bic coverage with metronidazole or clindamycin and
Gram-negative coverage with an aminoglycoside (e.g.
gentamycin, tobramycin), monobactam (e.g. aztreonam,
tazobactam), or third-generation cephalosporins (e.g. cef-
tazidime, cefotaxime, ceftriaxone) are also suggested [30,
34]. However, a single intravenous antibiotic active
against aerobes and anaerobes shows similar efficacy of
antibiotic combination therapy in resolving acute diver-
ticulitis [35, 36]. The second-generation cephalosporins
are frequently used followed by ampicillin/sulbactam
[37]. Many physicians prefer to use a combination of cip-
rofloxacin and metronidazole as indicated in the treat-
ment of the uncomplicated diverticular disease, but using
the intravenous route of administration [34, 38, 39].

Probiotic use has recently been attempted in acute di-
verticulitis. Probiotics are live microbial food ingredients
acting on the enteric flora with a favourable effect on
health [40]. Their use in uncomplicated diverticulitis has
the same rationale of the antibiotic therapy and is strong-
ly suggested by the efficacy of probiotics in mild forms of
inflammatory bowel disease, in post-infectious diarrhea,
in irritable bowel syndrome and in preventing antibiotic-
related gastrointestinal adverse effects [41, 42]. The ac-
tion of probiotics includes production of antimicrobial
substances, competitive metabolic interactions with pro-
inflammatory organisms, and inhibition of adherence
and translocations of pathogens. They may also influence
mucosal defence at the levels of immune and epithelial
function, such as the decreasing of tumour necrosis fac-
tor-a, interleukin-la and interferon-vy. Lactobacilli, bifi-
dobacteria and other non-pathogenic bacterial strains,
including certain E. coli and enterococci, as well as some
yeasts such as Saccharomyces boulardii, have been used.
A pilot study has been performed on 15 patients using the
non-pathogenic E. coli strain Nissle (2.5 x 10'° viable
bacteria/capsule, one capsule on days 1-4, and then two
capsules after day 5) added to an antimicrobial (di-
chlorchinolinol) and an absorbent (active coal tablets) for
acute uncomplicated diverticulitis. The study showed
that the remission period in patients treated with com-
bined therapy was longer in comparison to that observed
in with patients treated without probiotic [43].

Complicated Diverticulitis

Complicated diverticulitis usually results from wors-
ening of the infection. If this is the case, large perforations
develop with consequent abscesses, peritonitis and fistu-
las. Obstruction may suddenly develop during an episode
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of diverticulitis or be a late complication. Haemorrhage
however represents a non-infective complication.

Abscess

When an abscess is suspected, diagnostic imaging
should be sought. Staging of patients by CT scan may allow
selecting the patients most likely to respond to conserva-
tive therapy. Small pericolic abscesses (stage I) can often
be treated conservatively with antimicrobials and bowel
rest [44]. Their good prognosis may be attributed to a per-
sistent fistula between the abscess and the colon, permit-
ting spontaneous internal drainage. When surgery is neces-
sary, a single-stage en bloc resection and subsequent anas-
tomosis can generally be performed. For patients with
distant abscesses (stage II) or unresolved pericolic abscess-
es, a CT-guided percutaneous drainage is indicated [32].

Drainage of abdominal abscesses has assumed a prom-
inent complementary role to surgery [45]. The immediate
advantage of percutaneous catheter drainage is rapid con-
trol of sepsis and patient stabilization, without the risk of
general anaesthesia. More generally, it will often elimi-
nate the need for a two-stage procedure with colostomy,
instead allowing for temporary palliative drainage and
subsequent single-stage resection in 3-4 weeks. Two ret-
rospective series have reported success rates of 74 and
80% in stabilizing patients and safely allowing for subse-
quent single-stage procedures [46, 47]. An initial surgical
procedure is required in the 20-25% of patients in whom
the abscess is multiloculated, anatomically inaccessible
for drainage, or not responding to drainage. A single-stage
procedure is preferable, although not always possible
[48]. Laparoscopic resections have also been described
for treatment of abscesses [49], although this technique is
not yet widely applied.

Pyogenic liver abscesses may also occur as a complica-
tion of colonic diverticulitis [50-52]. Antibacterial agents,
percutaneous drainage, and surgery each have a role in
their management.

Peritonitis

When an abscess opens into abdominal cavity, a pu-
rulent peritonitis will develop (stage I1I). A faecal perito-
nitis (stage IV) may be the consequence of larger perfora-
tions. In both cases, surgery and intensive care are man-
datory due to the high mortality of these two conditions
(6 and 35% respectively) [53-55].

Fistulas
When a diverticular phlegmon or abscess extends or
ruptures into an adjacent organ, fistulas may occur. Treat-
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ment is surgical resection with fistula closure. Spontane-
ous colo-cutaneous fistulas are very rare and usually fol-
low a prior surgical repair [48, 54].

Obstruction

Acute obstruction during an episode of acute diver-
ticulitis is usually self-limiting and responds well to con-
servative therapy. Colonic ileus or pseudo-obstruction
are more infrequent conditions that usually improve with
effective medical therapy. If obstruction does not resolve
rapidly, surgical intervention is mandatory. Also, recur-
rent attacks of diverticulitis, which may be subclinical,
can initiate progressive fibrosis and stricturing of the co-
lonic wall in the absence of ongoing inflammation. In this
case a surgical option should be considered before an ob-
struction ensues [48, 54].

Haemorrhage

The bleeding from diverticula is not associated with
underlying acute inflammation. The presumed cause of
this complication is an erosion of a submucosal blood
vessel by impacted stool at the neck of a diverticulum.
Severe haemorrhage has been reported to occur in 3-5%
of all patients with diverticulosis [56, 57].

The management of bleeding diverticula requires a co-
ordinated approach by gastroenterologists, radiologists,
and surgeons. For the majority of patients, diverticular
bleeding is self-limited. Subsequent colonoscopy should
generally be performed to potentially elucidate the bleed-
ing source, but more importantly to exclude neoplasia.
Angiography and colonoscopy may be therapeutically
useful in patients with ongoing bleeding, and surgery re-
quired in those in whom these approaches are unsuccess-
ful.

The role of endoscopic therapy in acute diverticular
bleeding is being refined. A case report in 1985 first de-
scribed cessation of haemorrhage from an actively bleed-
ing diverticulum by local irrigation with 1:1,000 epineph-
rine [58]. Later reports have demonstrated the haemo-
static abilities of the heater probe, bicap probe, injection
therapies, and fibrin sealant in patients with bleeding di-
verticula [59-63]. Recently, an endoscopic description of
diverticular ‘stigmata’ thought to have prognostic values,
similar to those associated with peptic ulcers, in patients
with acute lower gastrointestinal bleeding ‘unequivocally’
dueto diverticula, has been reported [64, 65]. Cumulative
results from nine studies of endoscopically treated diver-
ticular bleeding reveal a 95% homeostasis rate with no
procedure-related morbidity [66]. Although this inter-
vention is promising, more controlled data are required
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before endoscopic therapy becomes a standard approach
in this setting.

Surgery in acute lower gastrointestinal bleeding is
usually reserved when medical, endoscopic, or angio-
graphic therapies fail. Segmental resection is most com-
monly performed if the bleeding site is definitively
known from a therapeutically unsuccessful angiograph-
ic or endoscopic procedure. The re-bleeding rate com-
piled from seven series was 6% in 167 patients who un-
derwent segmental resections [67]. In patients with per-
sistent bleeding, and no angiographic or endoscopic
identification of a definite bleeding site, a subtotal col-
ectomy may be required.

Surgery: When and How

Surgery consists of resection of the intestinal segment
affected by diverticula, followed by end-to-end anasto-
mosis. It is necessary in 15-30% of cases of acute diver-
ticulitis and is often elective [67].

Emergency Surgery

Urgent surgery is rarely required for diverticular dis-
ease and mainly includes free perforation with severe
peritonitis or no otherwise stopped haemorrhage. In pa-
tients <40 years, urgent surgery is required in 50-75% of
cases, and in patients <50 years in 25-80%. In case of
purulent or faecal peritonitis, mortality ranges from 6 to
35% [31, 68, 69].

Elective Surgery

The decision to perform an elective surgery should
take into account that after the first attack, only 20-30%
of patients (7-62%) have a second episode of diverticuli-
tis but, after this recurrence, the probability of a third at-
tack is greater than 50%. After each recurrent episode the
patient is less likely to respond to medical therapy (70%
chance of response to medical therapy after the first attack
vs. 6% chance after the third). Furthermore, the compli-
cations of diverticulitis may be severe and mortality of
surgery high [31, 70, 71]. For these reasons most authors
suggest surgery after the second to fourth episode of di-
verticulitis, in accordance with the patient’s general con-
ditions and severity of episodes [32, 33].

Younger patients who initially respond to conserva-
tive medical measures have a significantly higher risk
of recurrences or complications than older patients and
a lower response rate to medical treatment [72-76].
Therefore, surgical resection may be reasonably consid-
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ered after one well-documented episode of uncompli-
cated diverticulitis in the younger patient. A similar ap-
proach should be followed for immunocompromised
patients.

Surgical Procedure

Although diverticula may be present throughout the
colon, it is not necessary to remove all colon containing
diverticula since the proximal margin of resection is de-
termined by the abnormally thickened colonic wall. The
distal margin of resection should involve the rectum to
reduce the risk of post-operative recurrence. Up to 10%
of patients will have symptomatic recurrent diverticulitis
after surgical resection. Re-operation may be required in
about 3% of patients and is often technically more diffi-
cult because of inflammation and adhesions [32, 77, 78].
In a series of 501 patients from the Mayo Clinic who had
resection and re-anastomosis for diverticular disease, a
higher recurrence rate was found when the sigmoid colon
was used for the distal resection margin as compared to
the rectum. This suggests that the entire distal colon
should routinely be removed during resections for diver-
ticular disease with a rectal (rather than sigmoid) anasto-
mosis [32, 79-83].

Prevention of Diverticulitis Recurrence

Since each repeated episode of diverticulitis responds
less to medical therapy and is more susceptible of compli-
cations, great attention has been paid to attain preventive
strategies [31, 68]. The combination of soluble dietary fi-
ber and the poorly absorbed antibiotic, rifaximin, seems
to be effective in this respect. Indeed, in two out of three
clinical trials performed with such a therapeutic regimen
the occurrence of complications was reduced by more
than 50% (table 1). Although the only double-blind study
[27] available did not show a benefit, most likely because
of a small sample size, such combination can be safely
recommended in diverticular disease since it achieves a
symptomatic benefit in the vast majority of patients. This
approach is further supported from retrospective data [84]
showing that treatment with poorly absorbed antibiotics,
including rifaximin, not only halves the relative risk of
hospital re-admission for complications, but also reduces
by 73% the risk of re-operation (table 2). Like for symp-
tomatic relief, the addition of mesalazine to rifaximin al-
most completely prevented the recurrence of diverticuli-
tis, whose rate in patients treated with both drugs fell to
only 2.7% [29]. Similarly, starting probiotic administra-
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Table 2. Patients discharged from hospital, re-admitted to hospital,
and those who underwent surgery (from Porta et al. [84])

Patient groups Antibiotics No antibiotics Total
Discharged! 350 155 505
Newly admitted? 22 (6.3%)* 19 (12.3%) 41 (8.1%)
Operations® 3 (13.6%)** 10 (52.6%) 13 (32%)

! Patients discharged from hospital with or without antibiotic
prescription after recovery from a complication of diverticular dis-
ease (occlusion, perforation, fistula or bleeding).

2 Percentage of those patients, taking or not taking antibiotics,
who were re-admitted to hospital because of a further complica-
tion.

3Number and percentage of the re-admitted patients, taking or
not taking antibiotics, who needed to undergo surgical operation.

* x> =4.37,p=0.037.

** Fischer’s exact test (two-sided), p = 0.017.

tion after a course of rifaximin - if done cyclically - is ef-
fective in controlling symptoms and reducing the number
of episodes of acute diverticulitis [85].

Conclusions

Asymptomatic diverticular disease does not require
any treatment. However, when inflammation of one or
more diverticula occurs, diverticulitis and the potential
complications need to be carefully addressed. Once in
remission, continuous fiber intake and intermittent
course of poorly absorbed antibiotics, like rifaximin [86],
may improve symptoms and reduce diverticulitis recur-
rence. These preventive strategies will likely improve pa-
tients’ quality of life and reduce management costs [87].
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Table 1. Main factors influencing therapeutic decisions in active
IBD

Ulcerative colitis

Disease activity (mild, moderate, severe)

Disease extent (distal vs. extensive)

Lack of response to other drugs in the same flare-up
Drug intolerance and/or contraindications

Time from diagnosis

Crohn’s diseases

Pattern of disease behaviour (penetrating, stenosing, inflammatory)
Disease activity (mild, moderate, severe)

Disease location (ileal, colonic, ileocolonic)

Patient’s age

Lack of response to other drugs in the same flare-up

Drug intolerance and/or contraindications

tion of the inflammatory process itself has been the only
therapeutic approach in IBD for many years, and it is still
the most widely used therapeutic strategy.

Since the response to different drugs is not the same
in CD and UC, and that surgery remains as a ‘curative’
treatment in those UC patients refractory to medical
treatment, these entities are discussed separately in this
therapeutic overview.

Ulcerative Colitis

Treatment of Acute Flare-Ups of UC

Several factors may influence therapeutic decisions in
active UC, but disease activity and UC extension are the
most important ones (table 1). The aminosalicylates (5-
aminosalicylic acid derivatives or 5-ASA, also called me-
salazine) remain the mainstays of therapy for mild to
moderately active UC. A recent meta-analysis [1] has
confirmed their efficacy over placebo in inducing remis-
sion (table 2). 5-ASA is usually well tolerated and adverse
effects seem to be less frequent with mesalazine (the main
5-ASA derivative) than with sulfasalazine (the first ami-
nosalicylate molecule used for active UC treatment), be-
cause of the lack of the sulfamidic moiety of the latter.
Main adverse effects of 5-ASA are acute pancreatitis (al-
lergic), gastrointestinal symptoms (abdominal pain, diar-
rhea, nausea), and headache (dose-related) [2]. Although
new formulations of 5-ASA derivatives have been devel-
oped in the last two decades, it seems that there are no
relevant differences in terms of clinical efficacy and safe-
ty profile, and only marginal benefits for distal forms of
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Mild Moderate Severe

Aminosalicylates Corticosteroids Cyclosporine

(oral, topic,

or combined - Surgery!
in distal UC)
Rapid action

Rapid action 60-80% avoid urgent
Good tolerance Cheap colectomy
Ez‘];ective ... Side effects ... Long-term

... 156-30% steroid immunosupression
... Expensive refratoriness is required

Fig. 1. Medical therapeutic approach in acute attacks of ulcerative
colitis, depending on disease activity.

UC could be observed with the more recent developed
molecules [3]. In distal UC, mild to moderate flare-ups
can also be successfully managed with topical treatment;
in this sense, topical 5-ASA (enemas, foam, suppositories)
1s more effective than topical steroids, and it must be the
drug of choice in this setting [4]. Whether 5-ASA must be
administered orally, topically or in combination, to better
treat distal UC is still a subject of controversy, because
the results of the few randomized clinical trials (RCTs)
addressing this question are not conclusive.

Systemic corticosteroids are the treatment of choice in
those patients not responding to 5-ASA or those with a
severe attack of UC (fig. 1). Since the initial trial of True-
love and Jewell [5], corticosteroids remain the corner-
stone of the treatment of acute moderate to severe UC.
Corticosteroids are rapid acting (lack of response in UC
is defined after 3-7 days of intravenous steroid treat-
ment), and cheap. However, only 60-70% of UC patients
treated with systemic glucocorticoids achieve remission
[6]. Although steroid refractoriness may be related to co-
lonic reactivation of latent CMV infection in one third of
these patients [7], the underlying mechanisms of this phe-
nomenon are still unknown.

In patients with initial clinical response to glucocorti-
coids, these are administered at least for 2-3 months. In
this scenario, the development of side effects is the rule;
the most frequent ones, although mild in severity, may
be troublesome in such young patients (i.e. acne, obesity,
fluid retention). Major side effects such as myopathy, os-
teoporosis, aseptic necrosis, psychosis, glaucoma, cata-
racts, hypertension, hyperglycaemia, or hyperlipaemia,
are not exceptional. Moreover, long-term toxicity is even
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Table 2. Effectiveness of 5-ASA compounds in inducing clinical remission or improvement in active ulcerative colitis depending on

dosage (from Sutherland and MacDonald [1])

Study Treatment Control Peto odds Weight Peto odds ratio
n/N n/N ratio, 95% CI % 95% CI
1 Doseof 5-ASA: <2 g
Hanauer, 1993 27/92 14/30 — 11.0 0.46 [0.19, 1.10]
Schroeder, 1987 8/11 15/19 _— 2.8 0.71[0.13, 4.02]
Sninsky, 1991 34/53 21/26 — 8.1 0.46 [0.17, 1.27]
Subtotal (95% CT) 156 75 — 21.9 0.49 [0.26, 0.90]
Total events: 69 (treatment), 50 (control)
Test for heterogeneity x> = 0.21, d.f. = 2, p = 0.90, I> = 0.0%
Test for overall effect z=2.28, p = 0.02
2 Dose of 5-ASA:2-29 g
Feurle, 1989 25/52 29/53 — 14.3 0.77 [0.36, 1.65]
Hanauer, 1993 20/97 14/30 — 9.8 0.27[0.11, 0.67]
Hetzel, 1986 9/15 13/15 — 3.3 0.27[0.05, 1.31]
Robinson 1988 29/50 34/48 —e 12.3 0.58[0.25, 1.31]
Sninsky, 1991 32/53 21/26 — 8.4 0.40[0.15, 1.08]
Sutherland, 1990 37/45 18/22 _ 4.8 1.03[0.27, 3.85]
Subtotal (95% CI) 312 194 - 52.9 0.51[0.34,0.76]
Total events: 152 (treatment), 129 (control)
Test for heterogeneity x> = 5.01, d.f. = 5, p = 0.41, I = 0.2%
Test for overall effect z = 3.31, p = 0.009
3 Dose of 5-ASA: =3 ¢
Hanauer, 1993 19/95 13/30 —— 8.6 0.21[0.08, 0.55]
Schroeder, 1987 10/38 16/19 — 6.9 0.10[0.03, 0.30]
Sutherland, 1990 26/47 18/22 — 7.6 0.32[0.11,0.92]
Zinberg, 1990 3/7 6/8 — 2.1 0.29[0.04, 2.12]
Subtotal (95% CI) 187 79 . 25.2 0.20[0.11, 0.35]
Total events: 54 (treatment), 53 (control)
Test for heterogeneity x> = 2.43, d.f. = 3, p = 0.49, I = 0.0%
Test for overall effect z = 5.50, p < 0.00001
Total (95% CI) 655 348 - 100.0 0.40[0.30, 0.53]
Total events: 275 (treatment), 232 (control)
Test for heterogeneity x> = 15.17, d.f. = 12, p = 0.23, I> = 20.9%
Test for overall effect z = 6.23, p < 0.00001
T T T T

I
0102051 2 5 10

higher and become unacceptable. It has to be pointed out
that up to one third of patients become ‘steroid-depen-
dent’, with disease relapse when steroids are withdrawn
or doses reduced.

Until the last decade of the 20th century, urgent col-
ectomy was the only alternative if systemic steroids were
not able to induce disease remission. Lichtiger et al. [8]
demonstrated the clinical efficacy of intravenous cyclo-
sporine (CyA) in this setting, in the only RCT comparing
CyA to placebo in patients with well-defined steroid-re-
sistant UC. Since then, CyA has become another thera-
peutic step before surgical treatment is considered, avoid-

IBD Therapeutic Options

ing urgent colectomy in 60-80% of patients. As glucocor-
ticoids, intravenous CyA is rapid acting and its use is
often associated with side effects such as arterial hyper-
tension, nephrotoxicity, tremor, seizures, or hyperglycae-
mia, specially when used for long periods. In addition, in
those patients achieving remission with CyA for a steroid-
refractory UC attack, immunosuppressant maintenance
treatment with thiopurines is advised. In recent years,
CyA in monotherapy has also become an efficient alter-
native to systemic steroids in severe attacks of UC [9].
This approach is particularly attractive in patients with
previous intolerance or contraindication to glucocorti-
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Table 3. Effectiveness of 5-ASA compounds in maintaining clinical or endoscopic remission in ulcerative colitis depending on dosage

(from Sutherland et al. [16])

Study Treatment Control Peto odds ratio Weight Peto odds ratio
n/N n/N 95% CI % 95% CI
1 Doseof 5-ASA: <l g
Hanauer, 1996 50/90 31/43 13.6 0.50[0.24, 1.05]
Subtotal (95% CI) 90 43 e 13.6 0.50[0.24, 1.05]
Total events: 50 (treatment), 31 (control)
Test for heterogeneity: not applicable
Test for overall effect z = 1.82, p = 0.07
2 Dose of 5-ASA: 1-19¢
Hanauer, 1996 49/87 31/44 13.7 0.5510.26, 1.16]
Hawkey, 1997 40/99 66/111 —a— 25.6 0.4710.27, 0.80]
Sandberg, 1986 12/52 22/49 11.1 0.38[0.17, 0.86]
Subtotal (95% CI) 238 204 - 50.4 0.47[0.32, 0.69]
Total events: 101 (treatment), 119 (control)
Test for heterogeneity x* = 0.45, d.f. = 2, p = 0.80, I> = 0.0%
Test for overall effect z = 3.86, p = 0.0001
3 Dose 5-ASA: =2 ¢
Miner, 1995 44/103 68/102 —a— 24.9 0.38 [0.22, 0.66]
Wright, 1993 31/49 36/52 11.1 0.770.34, 1.75]
Subtotal (95% CI) 152 154 - 36.0 0.47[0.30, 0.75]
Total events: 75 (treatment), 104 (control)
Test for heterogeneity x> = 1.91, d.f. = 1, p=0.17, I> = 47.7%
Test for overall effect z = 3.21, p = 0.001
Total (95% CT) 480 401 - 100.0 0.4710.36, 0.62]
Total events: 226 (treatment), 254 (control)
Test for heterogeneity x? = 2.39, d.f. = 5, p = 0.79, I> = 0.0%
Test for overall effect z = 5.33, p < 0.00001
0102051 2 5 10

coids (i.e. psychosis, glaucoma, uncontrolled hypergly-
caemia, severe osteoporosis). Recently, excellent results
have been obtained with infliximab (a chimeric anti-
TNF-a antibody) in steroid-refractory active UC [10],
showing that this approach is also effective.

Unfortunately, the therapeutic armamentarium in
UC is not as extensive as in CD, and patients not re-
sponding to 5-ASA, steroids, and CyA must be colecto-
mized. Promising results have been achieved with some
drugs or therapeutic devices such as tacrolimus [11], or
granulocyte apheresis [12], but still large RCTs are need-
edtoestablish their role in UC treatment. Biologic agents,
mainly infliximab, that have started a therapeutic revo-
lution in the management of CD, have not been ade-
quately evaluated in UC, and the results of large RCTs
are eagerly waited.
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Maintenance Treatment of UC

Once disease remission has been medically induced,
most patients require maintenance treatment because of
the natural trend of the disease to relapse. It is not clear-
ly known which patients benefit from maintenance treat-
ment, and how long maintenance treatment must be
kept. However, recent data suggest that the more the dis-
ease remains inactive, the less is the risk of dysplasia or
carcinoma of the colon. Moreover, 5-ASA itself could
have a chemoprotective effect against carcinogenesis as
has been suggested by some recent studies [13, 14]; it is
not known which is the main antineoplastic or chemo-
preventive action of 5-ASA in IBD, although several
mechanisms have been proposed [15]. From this point
of view, all patients should follow maintenance treat-
ment indefinitely. 5-ASA is the most used drug for main-
tenance treatment in UC, because of its proven efficacy
and safety profile (table 3) [16]. Although renal toxicity
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Non-stenosing,
non-penetrating
(‘inflammatory’)

Medical treatment

Stenosing Penetrating
(“fibrotic’) (“fistulizing’)
Long-lasting, Fistulae, abscesses,

non-inflammatory lesions mainly perianal

Surgical treatment Medical + surgical treatment

Fig. 2. Therapeutic options in Crohn’s disease de-
pending on disease pattern.

Stop smoking!

after long-term use of 5-ASA compounds was initially
described, clinical practice and a small number of clinical
studies suggest that this adverse event is uncommon, and
that renal impairment could be related to the disease itself
more than to 5-ASA therapy [17, 18]. The economic cost
of long-term 5-ASA treatment is high. In fact, mesalazine
1s, apart from biologic agents, the most expensive drug of
those used in IBD treatment. Although sulfasalazine is
cheaper and equivalent in efficacy to mesalazine, its safe-
ty profile is worse, and its use is not advised in young men
because of drug-induced oligospermia.

The only alternative to 5-ASA in the maintenance
treatment of UC are thiopurines [azathioprine (AZA) and
6-mercaptopurine (6-MP)]. Although clinical efficacy in
UC has only been recently evaluated in clinical trials [19],
AZA/6-MP are the most widely used immunomodulators
in clinical practice for UC treatment. Thiopurines are
cheaper than new 5-ASA derivatives; nevertheless, up to
10-20% of patients must discontinue thiopurines be-
cause of side effects [20]. The safety profile is hampered
by early allergic untoward reactions (acute pancreatitis,
flu-like syndrome, gastrointestinal intolerance), and dose-
dependent adverse effects (mainly myelotoxicity and
hepatotoxicity). The latter may occur anytime during
treatment; in turn, periodic haematological and liver
function tests must be performed while on thiopurines.
The effect of AZA/6-MP on dysplasia development re-
mains still unknown. Because of this AZA/6-MP are con-
sidered the second-line maintenance treatment in UC,
after 5-ASA. Accepted indications for thiopurines in
these patients are 5-ASA intolerance or contraindication,
steroid dependency, or maintenance of CyA-induced re-
mission. Age, time from diagnosis of UC, and disease
extent (risk of dysplasia) are important factors to be tak-

IBD Therapeutic Options

en into account when long-term treatment with thiopu-
rines may be indicated, because colectomy still remains
the only ‘curative’ therapy in UC.

Crohn’s Disease

CD is much more heterogeneous in clinical manifesta-
tions and anatomical location than UC. Thus, in addition
to those factors previously mentioned in UC, disease be-
haviour and location are the most important factors to be
kept in mind when a therapeutic approach has to be tai-
lored in CD patients (table 1). Recently, a new classifica-
tion of CD defined three different patterns of disease be-
haviour [21]. Stenosing CD is characterized by fibroste-
nosing lesions of the intestine, with proximal gut dilation,
and limited inflammatory component; this situation must
be almost always treated surgically. Fistulizing CD cours-
es with the development of intra-abdominal fistulae and/
or abscesses; although most of those patients may be ini-
tially treated medically, in some instances a surgical ap-
proach is the best option. Although included as a variant
of the fistulizing pattern, perianal disease (and the less
frequent spontaneous enterocutaneous fistulae to abdom-
inal wall) must be always actively treated, and a combined
medical/surgical approach is often necessary. Finally,
those patients not meeting criteria for stenosing or fistu-
lizing CD are defined as ‘non-stenosing, non-fistulizing’;
this is the most purely ‘inflammatory’ pattern of the dis-
ease, its therapeutic approach is always medical, and sur-
gery is only considered in refractory cases. There is only
one therapeutic measure that must be advised in all CD
patients whatever the disease pattern might be: stop
smoking. Smokers have a worse disease evolution, with
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higher requirements of surgical resections and immuno-
modulator treatments, and a higher risk of disease recur-
rence after surgical-induced remission (fig. 2) [22].

Treatment of Active ‘Inflammatory’ CD

Although glucocorticoids are still the gold standard
treatment for active ‘inflammatory’ CD, several alterna-
tives are available in mild to moderately active CD (fig. 3).
Enteral nutrition, administered orally or tube-feeding, is
an excellent alternative in some instances. Despite its ef-
ficacy in inducing remission is lower than that of cortico-
steroids, the lack of serious side effects and its beneficial
effects on nutritional status make enteral nutrition the
treatment of choice in paediatric patients and in adults
with concomitant malnutrition [23]. The mechanism of
action of nutritional therapy is not exactly known, al-
though modulation of inflammatory process (by means
of administration of anti-inflammatory cytokine precur-
sors such as fatty acids), and regulation of the intestinal
bacterial ecosystem (prebiotic effect) could be involved.
Budesonide was the first synthetic steroid developed to
have the same efficacy than conventional glucocorticoids
with a better safety profile, in IBD; this drug is associated
with significantly fewer side effects and less suppression
of the hypothalamic-pituitary-adrenal axis, but also with
a lower efficacy in inducing remission. Moreover, it only
acts topically on the intestinal segment where drug is re-
leased, limiting its use to CD of the terminal ileum and
right colon [24]. There is no placebo-controlled evidence
for the efficacy of 5-ASA derivatives in active CD. Al-
though commonly used in clinical practice, sulfasalazine
(for colonic CD) and mesalazine seem to have only a mar-
ginal benefit over placebo in mild active disease [25].

The efficacy of conventional corticosteroids in CD is
similar to that previously described in UC, with a propor-
tion of patients being refractory to full doses of steroids,
and some of the initial responders developing steroid de-
pendency [6, 26]. In these circumstances, thiopurines
(AZA/6-MP), methotrexate (MTX), and infliximab (IFX)
have been demonstrated to be clinically effective. Thio-
purines have been used in IBD since the early 1980s, and
they have become the most widely used immunomodula-
tor agents. Their clinical efficacy has been evaluated in a
recent meta-analysis (table 4) [27], and their supposed
potential carcinogenic and teratogenic effects have not
been confirmed. One of the drawbacks for the use of thio-
purines is the latency period prior to achieving their ther-
apeutic effects. Since these drugs have a mean latency
period of 3 to 6 months (although there is a wide varia-
tion among individuals), their use for inducing remission
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Mild Moderate Severe

Corticosteroids +
immunomodulators”
infliximab

Enteral nutrition”
Budesonide™
Antibiotics
Aminosalicylates?™
... Surgery

“First-line in pediatrics
2 Only for ileal or right colon CD
@ SZP in colonic CD

“Thiopurines, first choice
Methotrexate, second-line

Fig. 3. Medical therapeutic approach in ‘inflammatory’ active
Crohn’s disease.

treatment in acute IBD would be unreasonable. There-
fore, since the use of AZA/6-MP has always to be envis-
aged in a long-term setting, the treatment should start
while inducing response in acute IBD with other methods
(steroids, antibiotics, IFX, etc.).

MTX is a second-line immunomodulator for active
CD. In fact, its efficacy has only been demonstrated when
administered intramuscularly in a unique RCT [28]. Sim-
ilarly to thiopurines, MTX has a slow onset of action, but
beneficial effects may become evident in 1-3 months.
One of the major concerns when using MTX in long-term
situations in chronic diseases is its potential hepatotoxic-
ity; severe liver damage seems to be less frequent than
initially expected, but the risk may increase in those pa-
tients with concomitant risk factors for hepatotoxicity
(chronic alcohol consumption, obesity, hyperglycaemia,
chronic viral hepatitis).

IFX is the only biological agent approved for clinical
use in IBD. Its efficacy in CD has been shown in large
clinical trials [29-31], and it has been widely used in the
last 5 years in Europe and North America. One of the
main characteristics of IFX is its rapid onset of action;
however, this is an expensive therapy with associated side
effects such as an increased risk of serious infections (tu-
berculosis, listeriosis, aspergillosis). In addition, the chi-
meric nature of the drug seems to be the explanation of
the development of antibodies to IFX, that are respon-
sible of acute reactions to drug infusion, tachyphylaxis,
or loss of initial response to IFX. For these reasons, in
Europe the use of IFX has only been approved in active
CD refractory to conventional therapy (including steroids
and immunomodulators) [32]. In America, IFX is not
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Table 4. Effectiveness of thiopurines in inducing remission in active Crohn’s disease depending on the time under therapy (from Sand-

born et al. [27])

Study Treatment Control Peto odds ratio Weight Peto odds ratio
n/N n/N 95% CI % 95% CI
1 Trials =17 weeks
Ewe, 1993 16/21 8/21 — 11.2 4.57[1.36, 15.27]
Klein, 1974 6/13 6/13 e 7.1 1.00[0.22, 4.54]
Oren, 1997 13/32 12/26 —— 15.2 0.80[0.28, 2.26]
Present, 1980 26/36 5/36 — 19.0 10.45 [4.14, 26.38]
Summers, 1979 21/59 20/77 T 30.1 1.5710.75, 3.29]
Willoughby, 1971 6/6 1/6 — 3.4 23.17[2.57, 208.60]
Subtotal (95% CI) 167 179 - 86.1 2.61[1.69, 4.03]
Total events: 88 (treatment), 52 (control)
Test for heterogeneity x> = 21.58, d.f. = 5, p = 0.0006, I> = 76.8%
Test for overall effect z = 4.32, p = 0.00002
2 Trials <17 weeks
Candy, 1995 25/33 20/30 T 13.9 1.55[0.52, 4.59]
Rhodes, 1971 0/9 0/7 0.0 Not estimable
Subtotal (95% CT) 42 37 ——_— 13.9 1.55[0.52, 4.59]
Total events: 25 (treatment), 20 (control)
Test for heterogeneity: not applicable
Test for overall effect z=0.79, p=0.4
Total (95% CI) 209 216 - 100.0 2.43[1.62, 3.64]
Total events: 113 (treatment), 72 (control)
Test for heterogeneity x> = 22.34, d.f. = 6, p = 0.001, I? = 73.1%
Test for overall effect z = 4.30, p = 0.00002

[ — [ —
0102051 2 5 10

limited to refractory CD, but some American authors
agree to restrict the use of this agent only in this subgroup
of patients [33].

An important number of new biological agents and
new therapeutic approaches are being evaluated. Some of
them, such as natalizumab, adalimumab, thalidomide, or
even bone marrow transplantation, have shown promis-
ing results in pilot studies.

Treatment of Active Fistulizing CD

The fistulizing pattern of CD entails two major clini-
cal conditions. First, the occurrence of intra-abdominal
or perianal abscesses. In these cases, control of sepsis
must be the first aim of treatment, and antibiotherapy
together with surgical or US-guided drainage are manda-
tory. The second problem is the development of fistulae;
entero-enteric fistulae do not require specific treatment
unless malabsorption due to intestinal bypass is present.
Organ-enteric fistulae are treated surgically almost al-
ways. The more frequent fistulae are located in the peri-
anal region; although not life-threatening, they impair

IBD Therapeutic Options

significantly the quality of life and represent a very dis-
abling problem associated with CD. There is little evi-
dence for medical treatment in perianal disease. Antibi-
otics, thiopurines, and IFX are the most used drugs in
fistulizing CD; however, only IFX has been adequately
evaluated in placebo-controlled trials [34, 35]. AZA/6-
MP seem to have a beneficial effect, only demonstrated
in a recent meta-analysis [27], and antibiotics are thought
to have a transient, partial effect on fistulae drainage [36,
37]. Nevertheless, the most optimistic results achieve
long-term fistulae closure (disease remission) in less than
one half of those patients treated with thiopurines and/or
IFX. In view of these poor response rates, most authors
agree in prolonging the treatment (immunomodulators,
IFX, or both) indefinitely if a complete response is ob-
tained [32].

Only another drug, tacrolimus, has been evaluated in
the treatment of fistulizing CD, with even worse results,
although more RCTs comparing this drug to IFX are ad-
visable [38].
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Table 5. Effect of 5-ASA compounds on Crohn’s disease maintenance of remission compared to placebo in RCTs (from Akobeng and

Gardener [39])
Study Treatment Control Odds ratio (random) Weight Odds ratio (random)
n/N n/N 95% CI % 95% CI
1 12 months
Anonymous, 1990 17/93 29/100 —= 16.9 0.55[0.28, 1.08]
Arber, 1995 6/22 15/27 — 8.4 0.30[0.09, 1.00]
Mahmud, 2001 55/112 59/134 - 21.4 1.2310.74, 2.03]
Prantera, 1992 19/54 32/56 —a 14.9 0.41[0.19, 0.88]
Sutherland, 1997 30/94 47/107 i~ 19.4 0.601[0.34, 1.07]
Thomson, 1995 33/86 38/102 - 19.0 1.05[0.58, 1.89]
Subtotal (95% CT) 461 526 - 100.0 0.68[0.45, 1.02]
Total events: 160 (treatment), 220 (control)
Test for heterogeneity x* = 10.94, d.f. = 5, p = 0.05, I = 54.3%
Test for overall effect z = 1.85, p = 0.06
2 24 months
Gendre, 1993 31/57 36/62 » 100.0 0.86[0.42,1.78]
Subtotal (95% CT) 57 62 - 100.0 0.86[0.42, 1.78]
Total events: 31 (treatment), 36 (control)
Test for heterogeneity: not applicable
Test for overall effect z=0.40, p = 0.7
|

1 1 1
0.01 0.1 1 10 100

Favours
treatment

Favours
control

Maintenance Treatment of CD

Because of the relapsing nature of CD and the impos-
sibility to surgically ‘cure’ the disease, it seems reasonable
that almost all patients have to follow maintenance treat-
ment in order to avoid disease relapses and/or associated
complications. In contrast to UC, 5-ASA derivatives have
not been clearly demonstrated to be beneficial in this set-
ting (table 5) [39]; however, in clinical practice it is
not uncommon to prescribe aminosalicylates in those pa-
tients with less ‘aggressive’ CD, because of the incon-
clusive results of even several meta-analysis [40]. As
mentioned above, thiopurines are the most used im-
munomodulators in IBD, especially in CD; steroid refrac-
toriness, steroid dependency, fistulizing CD, and even
prevention of CD recurrence (after surgically induced re-
mission) are widely accepted indications to start AZA/
6-MP. In most of these settings, AZA/6-MP have demon-
strated their clinical efficacy [41]. The possibility of early
use of AZA in new onset disease is an attractive approach,
especially in youngsters, adolescents and children [42]. In
the last two groups, disease may take an aggressive type
of evolution and a profound deleterious effect on growth
and sexual development, which can be worsened by the
use of repeated steroid treatments. The combination of

74 Digestion 2006;73(suppl 1):67-76

enteral nutrition, and AZA/6-MP in this case, may be of
use, since both can induce and maintain disease remis-
sion and prevent growth and sexual development arrest.

Intramuscular MTX (at lower doses than in active CD)
has been shown to successfully maintain disease remis-
sion induced by steroids and MTX [43], but the scarce
available data on long-term efficacy make this treatment
only an alternative therapy in patients intolerant or re-
fractory to thiopurines.

IFX has been shown to be superior to placebo in main-
taining remission induced by the same drug, in both in-
flammatory and fistulizing CD [30, 31, 35]. However,
immunomodulator concomitant therapy (AZA/6-MP,
MTX) is advised in order to prevent associated immuno-
genicity to IFX administration [32]. As mentioned previ-
ously, this long-term strategy is restricted for most au-
thors to immunomodulator-refractory CD because of the
economic costs and safety profile.
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Fig. 1. Risk of colectomy following antimi-
crobial treatment in severe UC in compari-
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son with placebo in four different studies.

The most compelling proof that intestinal bacteria
play arole in IBD is derived from animal models. Despite
great diversity in genetic defects and immunopathology,
a consistent feature of many transgenic and knockout mu-
tant murine models of colitis is that the presence of nor-
mal enteric flora is required for full expression of inflam-
mation [7]. All of these observations suggest that IBD
may be treated via manipulation of intestinal microflora
[8]. As a consequence, increasing evidence supports a
therapeutic role for antimicrobials in the management
IBD. Suggested mechanisms of action for this class of
drugs are shown in table 1.

Lessons from Animal Models

In several rodent models the use of broad-spectrum
antibiotics can either prevent onset of and treat experi-
mental colitis, whereas metronidazole and ciprofloxacin
can only prevent experimental colitis but not reverse es-
tablished disease [9-13]. Broad-spectrum antibiotics are
effective in almost all models of acute and chronic colitis
[13-16] but have only a transient efficacy in HLA-B27
transgenic rats [17]. Interestingly enough, ciprofloxacin
and metronidazole had selective efficacy in different co-
lonic regions in IL-10 knockout mice, suggesting that dif-
ferent bacteria may cause inflammation in different co-
lonic segments [15]. These results are consistent with the
idea that most clinical forms of IBD may respond to sup-
pression of bacterial flora, provided a proper combina-
tion of broad-spectrum antimicrobials be used.
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Table 1. Antibiotics in IBD: suggested mechanisms of action

Eradication of bacterial antigenic trigger
Elimination of bacterial overgrowth
Reduction of proinflammatory bacterial toxins
Potential immunosuppressive properties

Studies in Patients with Ulcerative Colitis

Only few trials of antibacterial agents have been car-
ried out in ulcerative colitis (UC) and results are contro-
versial. Most clinicians have used antimicrobial agents as
add-on medications in severe UC. Dickinson et al. [18]
have carried out a double-blind controlled trial on the use
of oral vancomycin as adjuvant therapy in acute exacer-
bations of idiopathic colitis. No significant difference was
found between the two treatment groups with only a trend
towards a reduction in the need for surgery in patients
treated with the antibiotic [18]. Similarly, intravenous
metronidazole, used in addition to steroids, did not im-
prove the remission rate of patients with severe UC com-
pared to placebo [19]. When oral tobramycin was added
to steroids in patients with relapse of UC a significant
(p<0.003) benefit was obtained, the remission rate being
74 and 43% in the antibiotic and placebo groups, respec-
tively [20]. In this study, patients on vancomycin dis-
played a trend towards a reduction in the need for opera-
tive intervention (i.e. colectomy), a finding not confirmed
by subsequent investigations with other antimicrobials
[18, 19, 21, 23] (fig. 1).
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Ciprofloxacin has been tested in a randomized, pla-
cebo-controlled study; 70 patients with mild to moderate
active UC were randomized to receive ciprofloxacin
250 mg b.1.d. or placebo for 14 days. At the end of the
study, 70.5% of patients in the ciprofloxacin group versus
72% in the placebo group achieved remission [22]. Simi-
larly, a short course of intravenous ciprofloxacin was not
effective as adjunctive treatment to corticosteroids in se-
vere UC in a prospective, randomized, double-blind, pla-
cebo-controlled trial [23]. Nevertheless, a more recent
randomized, placebo-controlled trial, in which ciproflox-
acin was administered for 6 months to patients with ac-
tive UC poorly responding to conventional therapy with
steroids and mesalamine, did show a benefit. Indeed, at
the end of the study, the treatment success rate was 79%
in the ciprofloxacin-treated group and 66% in the placebo
group (p < 0.002). It is worth mentioning that, based on
endoscopic and histological findings, the antibiotic ben-
efit, evident already at 3 months, disappeared 3 months
later [24].

A first open, uncontrolled study [25], performed in
12 patients with active IBD refractory to standard treat-
ment who all had positive stool culture, suggested that
adding rifaximin (800 mg daily) could be beneficial. A
further small but controlled investigation performed in
our unit [26] evaluated the efficacy and systemic absorp-
tion of rifaximin in patients with moderately to severely
active UC refractory to steroid treatment. Patients were
eligible if they had no response to intravenous corticoste-
roid therapy (methylprednisolone 1 mg/kg/day) after 7—
10 days. Twenty-eight patients were randomized to re-
ceive rifaximin 400 mg b.i.d. or placebo for 10 days as an
add-on medication to standard steroid treatment. Clini-
cal and endoscopic evaluations were performed before
and after the treatment, and stool frequency, consistency
and presence of blood were also recorded. Plasma and
urine samples were collected before and after the treat-
ment to determine the systemic absorption of rifaximin.
Although there was no significant difference in overall
clinical efficacy between the two treatments, only rifaxi-
min determined a significant improvement of stool fre-
quency, rectal bleeding and sigmoidoscopic score [26].
The cumulative excretion of rifaximin in 24-hour urine
after 10 days was 64,617 ng, confirming the poor system-
ic absorption also in presence of colonic inflammation
[26]. The efficacy of this rifamycin derivative as add-on
medication in patients with mild to moderate UC was
recently confirmed in another open-label study [27],
where the clinical activity index decreased by 30% after
4 weeks of treatment.

Antibiotics in IBD

Rachmilewitz's Activity Index
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Fig. 2. Individual values of Rachmilewitz’s Activity Index in pa-
tients with relapse of UC before (baseline) and after 1 month of
treatment with rifaximin + mesalamine (from Guslandi et al. [27]).

In patients who experienced a clinical exacerbation of
UC and who had a past history of serious adverse reac-
tions to steroids, the antibiotic (400 mg b.i.d. for 4 weeks)
was added to mesalazine (2.4 g daily) treatment [28]. In
7 out of 10 patients (i.e. 70%) a clinical remission was
achieved without corticoid use, thus showing that rifaxi-
min displays a steroid-sparing effect (fig. 2).

Studies in Patients with Crohn’s Disease

Antimicrobial Therapy

Broad-spectrum antibiotics are widely used to treat
CD [29], but large, controlled trials have not been per-
formed (table 2).

Metronidazole has been the mostly investigated agent.
In 1978, Blichfeldt et al. [30] in a placebo-controlled, dou-
ble-blind, cross-over trial did not find a difference between
metronidazole and placebo-treated patients, but a posi-
tive trend in favor of metronidazole was observed when
only the colon was involved. In the National Cooperative
Swedish study, metronidazole was compared to sulfasala-
zine as primary treatment for CD; no significant differ-
ence was found between the two groups, but, interestingly,
in the cross-over section of the study, the antimicrobial
was effective in patients not responding to sulfasalazine
[31]. Metronidazole was used as single therapy or associ-
ated to cotrimoxazole and compared to cotrimoxazole
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Table 2. Clinical studies with antimicrobials in active CD

Study Patients Weeks Main outcome Study design Treatment schedules
Blichfeldt, 1978 [30] 28 8 Improvement DB MZ (+ SASP/CS)
(clinical/lab score) Crossover study Placebo (+ SASP/CS)
Ursing, 1982 [31] 78 16 Change in CDAI DB MZ
and orosomucoid Crossover study SASP
Ambrose, 1985 [32] 72 4 Improvement DB RCT MZ
(clinical/lab score) CO, MZ/CO, placebo
Sutherland, 1991 [33] 99 16 Change in CDAI DB RCT MZ (10/20 mg/kg)
from baseline placebo
Prantera, 1996 [34] 41 12 Clinical remission DB RCT MZ + Cipro
(CDAI <150) Steroids
Colombel, 1999 [36] 40 6 Clinical remission DB RCT Cipro
(CDAI <150) 5-ASA
Arnold, 2002 [37] 47 24 Change in CDAI NB RCT Cipro (+ conc. drugs)
Placebo (+ conc. drugs)
Steinhart 2002 [35] 134 8 Clinical remission DB RCT MZ + Cipro (+ Bud 9 mg)

(CDAI <150)

Placebo (+ Bud 9 mg)

CDALI = Crohn’s Disease Activity Index; DB = double blind; RCT = randomized clinical trial; NB = not blinded; MZ = metronida-
zole; SASP = sulfasalazine; CS = corticosteroids; CO = cotrimoxazole; Cipro = ciprofloxacin; 5-ASA = 5-aminosalicylic acid; Bud =

budesonide.

alone and placebo in patients with a symptomatic relapse
of CD. At the end of the 4 weeks of treatment there was
no difference in response among the three groups [32]. In
a Canadian randomized, placebo-controlled trial, Suther-
land et al. [33] have shown that treatment with metroni-
dazole for 16 weeks significantly decreased the Crohn’s
Disease Activity Index (CDAI), but no difference was
found in the rates of remission compared with placebo;
the benefit was dose-dependent, with 20 mg/kg being more
effective than 10 mg/kg [33]. As in the case of the Swedish
study, in the Canadian study metronidazole was effective
for colonic and ileocolonic CD but not for ileitis. Metro-
nidazole has important side effects that include nausea,
anorexia, dysgeusia, dyspepsia, and peripheral neuropa-
thy that limit its use in approximately 20% of patients. An
antimicrobial combination was used in an Italian ran-
domized controlled study in which metronidazole 250 mg
four times daily plus ciprofloxacin 500 mg twice daily
were compared to a standard steroid treatment for 12
weeks. No differences were reported in the rates of remis-
sion between treatments (46% with ciprofloxacin plus
metronidazole vs. 63% with methylprednisolone) suggest-
ing that this antimicrobial therapy could be an alternative

80 Digestion 2006;73(suppl 1):77-85

to steroid treatment in acute phases of CD [34]. Combina-
tion of metronidazole and ciprofloxacin was associated to
budesonide (9 mg/day) in active CD; no difference was
observed compared to placebo, but surprisingly the over-
all response in the two groups was lower than that seen in
previous studies with budesonide. Also in this study, an-
timicrobial treatment was more effective when the colon
was involved [35].

Ciprofloxacin 1 g daily was compared to mesalamine
4 g daily in a controlled study dealing with mild-to-mod-
erate active CD. After 6 weeks, both treatments were
equally effective, the remission rate being 56 and 55% in
patients receiving ciprofloxacin or mesalamine respec-
tively [36]. In a small study [37], ciprofloxacin was shown
to be effective in association to standard treatment in
patients with resistant disease. In an open-label trial,
Leiper et al. [38] reported an impressive positive re-
sponse (64% patients improved or were in remission af-
ter 4 weeks) of clarithromycin in a group of 25 patients
with active CD, many of whom were unresponsive to
other treatments, including steroids and immunosup-
pressives.
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Poorly absorbed antibiotics have been tested. Shafran
and Johnson [39] reported recently an open-label study
on the efficacy and safety of rifaximin (600 mg/day for
16 weeks) in the treatment of mildly to moderately active
CD. At the end of the study, 59% of patients were in
remission (as defined by CDAI, <150) with a significant
reduction of the mean CDALI score compared to baseline
(p < 0.0001) (fig. 3). Only one non-serious drug-related
adverse event was reported, confirming the safety of
the drug.

Manipulation of bacterial flora has been attempted
in prevention of post-operative recurrence. Metronida-
zole at the dose of 20 mg/kg/day was compared to pla-
cebo in double-blind, controlled trial by Rutgeerts et al.
[40]. Sixty patients were randomized to receive metro-
nidazole or placebo for 12 weeks. At the end of the treat-
ment, endoscopic relapse was evaluated by a specifical-
ly designed score. Metronidazole significantly decreased
the incidence of severe endoscopic relapse (grade 3 or 4)
in the neoterminal ileum 6 months after surgery and the
clinical recurrence rates at 1 year, with a trend towards
a protective effect after 3 years. More recently, ornida-
zole, another nitroimidazole compound, used continu-
ously for 1 year was significantly more effective than
placebo in the prevention of severe endoscopic recur-
rence in the neoterminal ileum both at 3 and 12 months
[41].

Finally, Campieri et al. [42] performed a randomized
trial to evaluate the efficacy in the prevention of post-
operative recurrence of rifaximin 1.8 g daily for 3
months followed by a probiotic mixture (i.e. VSL#3) 6 g
daily for 9 months versus mesalazine 4 g daily for
12 months in 40 patients after curative resection for CD.
After 3 months of treatment, patients on rifaximin had
a significantly lower incidence of severe endoscopic re-
currence compared to those on mesalazine, namely 2/20
(10%) vs. 8/20 (40%). This difference was maintained
after the end of the study using probiotics, namely 4/20
(20%) vs. 8/20 (40%). The results of this pilot study sug-
gest therefore that the efficacy of the sequential combina-
tion of rifaximin and the highly concentrated probiotic
preparation VSL#3 is effective in the prevention of se-
vere endoscopic recurrence of CD after surgical resection
[42].

Antimycobacterial Therapy

Several studies have tried to evaluate the efficacy of
antimycobacterial drugs in patients with CD [43], pursu-
ing the possibility that a strain of Mycobacteria might be
an etiological agent in CD [44]. A meta-analysis of all
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Fig. 3. Percentage of patients (95% CI) with at least a 70-point re-
duction in CDAI score during 4 months of treatment of active CD
with rifaximin (n = 29) (from Shafran and Johnson [39]).
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Fig. 4. Analysis of fully published trials based on use of antituber-
culous therapy with or without tapering course of corticosteroids
(from Borgaonkar et al. [45]).

randomized clinical trials [45] in which antimycobacte-
rial therapy was compared to placebo concluded that an-
timycobacterial therapy is effective as a maintenance
treatment only in patients who went on remission after a
combined treatment with steroids and antimycobacterial
agents (fig. 4). The incidence of adverse effects was, how-
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ever, rather high and, since a small number of studies was
included in the analysis, the conclusions should be inter-
preted with caution.

The same antimicrobials used to treat luminal CD
have been reported to be beneficial in the treatment of
perianal CD, but no controlled trials have been performed
[46]. Metronidazole 20 mg/kg proved to achieve fistulae
closure in 62-83% of patients [47, 48]. The combination
of metronidazole and ciprofloxacin determined an im-
provement in 64% of patients and fistulae closure in 21%
[49]. Unfortunately, fistulae tend to recur in most patients
after stopping treatment. Although the results of these
uncontrolled studies are not conclusive, metronidazole,
ciprofloxacin or their combination are used by most clini-
cians as first-line treatment in patients with perianal dis-
ease, in combination with surgical abscess drainage.

Studies in Patients with Pouchitis

The awareness of the crucial importance that fecal sta-
sis and the bacterial overgrowth may represent in the
pathogenesis of acute pouchitis has led the clinicians to
treat patients with antimicrobials, which — despite the lack
of controlled trials — have become the mainstay of treat-
ment. Usually, metronidazole represents the most com-
mon first therapeutic approach, and most patients with
acute pouchitis respond quickly to administration of 1-
1.5 g/day [50, 51]. A double-blind, randomized, placebo-
controlled, cross-over trial was carried out by Madden et
al. [52] to assess the efficacy of 400 mg three times a day
of metronidazole per os in 13 patients (11 completed both
arms of the study) with chronic, unremitting pouchitis.
Patients were treated for 2 weeks and metronidazole was
significantly more effective than placebo in reducing the
stool frequency (73 vs. 9%), even without improvement of
endoscopic appearance and histologic grade of activity.
Some (55%) patients taking metronidazole experienced
adverse effects including nausea, vomiting, abdominal
discomfort, headache, skin rash and metallic taste.

Recently, Shen et al. [53] have compared the effective-
ness and adverse effects of ciprofloxacin and metronida-
zole for treating acute pouchitis in a randomized clinical
trial. Seven patients received ciprofloxacin 1 g/day and 9
patients metronidazole 20 mg/kg/day for a period of 2
weeks. The results of this study have shown that both cip-
rofloxacin and metronidazole are efficacious as treatment
of acute pouchitis: they reduced the total Pouchitis Dis-
ease Activity Index (PDAI) scores and led to a significant
improvement of symptoms and endoscopic and histolog-
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Fig. 5. PDAI before and after treatment with rifaximin-ciprofloxa-
cin combination therapy (p < 0.05, Wilcoxon rank sum test; from
Abdelrazeq et al. [58]).

ic scores. However, ciprofloxacin was significantly better
leading to a greater degree of reduction in total PDAI
score, to a greater improvement in symptoms and endo-
scopic scores; furthermore, ciprofloxacin was better toler-
ated than metronidazole. Indeed, 33% of the metronida-
zole-treated patients reported adverse effects, while none
of the ciprofloxacin-treated patients did [54].

Medical treatment of patients with chronic refractory
pouchitis is particularly difficult and disappointing [55].
A possible therapeutic alternative for chronic refractory
pouchitis is the use of a combined antimicrobial treat-
ment. In an open trial, 18 patients with active pouchitis
not responding to the standard therapy (metronidazole or
ciprofloxacin) for 4 weeks, were treated orally with rifax-
imin 2 g/day + ciprofloxacin 1 g/day for 15 days; symp-
toms assessment, endoscopic and histological evaluations
were performed at screening and after 15 days according
with PDALI. Sixteen out of 18 patients (88.8%) either im-
proved (n = 10) or went into remission (n = 6); the me-
dian PDAI scores before and after therapy were 11 and
4, respectively (p < 0.002) [56]. A combination therapy
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with metronidazole (800 mg to 1 g/day) and ciprofloxacin
(1 g/day) for 28 days was used in 44 patients with refrac-
tory pouchitis. Thirty-six patients (82%) went into remis-
sion; the median PDALI scores before and after therapy
were 12 and 3, respectively (p < 0.0001). Patients’ qual-
ity of life significantly improved with the treatment (me-
dian IBDQ increased from 96.5 to 175) [57].

A more recent study confirmed the efficacy of rifaxi-
min-ciprofloxacin combination therapy in chronic active
refractory pouchitis: after 2 weeks, 7 out of 8 patients ei-
ther went into remission (n = 5) or improved (n = 2) and
the median PDAI scores before and after therapy were 12
(range 9-18) and 0 (range 0-15), respectively (p = 0.018)
(fig. 5) [58].

Conclusions

There is strong evidence that enteric commensal bac-
teria are involved in the pathogenesis of IBD. As a con-
sequence, suppression of intestinal flora should be benefi-
cial in achieving and/or maintaining remission. Howev-
er, the available literature does not support the use of
antimicrobials in UC, and large studies with broad-spec-

On the contrary, these drugs have an essential role in
treating the septic complications of CD, including intra-
abdominal and perianal abscesses and perianal fistulae.
There is also evidence that ciprofloxacin, metronidazole
or their combination are effective in Crohn’s colitis and
ileocolitis, but not in isolated ileal disease. The use of an-
tibiotics as primary therapy in CD is poorly documented,
and large, controlled trials are needed to define the opti-
mal antibiotic regimens. On the contrary, the use of an-
timicrobials in pouchitis is largely justified on the basis
of clinical results, despite the fact that proper controlled
trials have not yet been conducted.

Rifaximin, a poorly absorbed antibiotic whose anti-
bacterial spectrum includes several mycobacteria, has
recently been studied in patients with UC (including
pouchitis) and CD showing a good efficacy. Provided
these preliminary results are confirmed in larger ran-
domized trials, this antibiotic could represent — thanks
to its efficacy and long-term safety — the preferred tool
of manipulating enteric flora in patients with IBD. To
better exploit rifaximin’s potential in this clinical set-
ting, a new high-dose (800 mg) formulation (i.e. sachets
containing enteric-coated microgranules) has been de-
veloped, and clinical trials with this formulation are on-

trum antibacterial agents are required.

going.
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Note Added in Proof

After submission of this paper some au-
thors reported at the meeting of the Ameri-
can College of Gastroenterology in Hono-
lulu (Hawaii, USA) their experience with
rifaximin in IBD. The steroid-sparing activ-
ity of this poorly absorbed antibiotic was
confirmed not only in CD [59, 60] but also
in UC [60]. The drug proved to be effec-
tive —as an add-on medication — in patients
with mild to moderately active CD with
75% of them achieving a complete (67%) or
partial (33%) response in a median time of
21 (14-30) days [61]. Of those who did not
respond to antibiotic treatment, the major-
ity had ileocolic CD.
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Table 1. Classification of HE (from Ferenci et al. [2])

Type A
Type B

HE associated with Acute liver failure

HE associated with portal-systemic Bypass,

no intrinsic hepatocellular disease

HE associated with Cirrhosis and portal hypertension
or portal-systemic shunts:

— Episodic HE: precipitated, spontaneous, recurrent
- Persistent HE: mild, severe, treatment-dependent

— Minimal HE

Type C

Pathophysiology

At present, the main substances considered to be im-
plicated in the development of HE are ammonia and oth-
er intestinal neurotoxins, manganese and the benzodiaz-
epine-GABA system [1]. Neurotransmission changes in-
duced by these compounds play a major role in the
development of the neurologic disturbances presented by
the patients [3, 4]. The cellular basis of most of the chang-
es that occur in HE is the astrocyte, the only cerebral cell
capable of metabolizing ammonia [5]. In the past, other
hypotheses on the pathophysiology of HE were proposed.
The false neurotransmitter theory, very popular some de-
cades ago, has practically been abandoned today, due to
the inconsistence of its basis.

Ammonia and Other Intestinal Neurotoxins

For many years, ammonia was considered as the key
molecule implicated in the pathophysiology of HE. The
fact that in many cases blood ammonia levels may not
correlate with the presence and degree of HE, and the in-
terest of other mechanism(s) by some investigators, led
the ammonia theory to lose importance in the field of HE,
especially in the 1970s and 1980s. However, more re-
cently, ammonia has re-emerged as the main neurotoxin
implicated in the pathogenesis of HE [1, 4]. Many reasons
may explain this: ammonia is produced mainly in the co-
lon by the intestinal flora, its portal concentration is high
and is efficiently extracted by the liver (in individuals
with normal hepatic function more than 90% of portal
ammonia is metabolized by the liver), the majority of fac-
tors causing HE in a cirrhotic patient increase blood am-
monia, and most of the therapeutic measures used in HE
cause a decrease in ammonia levels [1].

The reasons explaining the low correlation between
arterial or venous ammonia concentrations and the pres-
ence and degree of HE observed in many cases are mul-
tiple: on one hand, some authors have suggested the use

Hepatic Encephalopathy: From
Pathophysiology to Treatment

of the partial pressure of ammonia (pNH;) rather that its
blood concentration. Arterial pNH;j correlated more
closely than total ammonia with the grade and the neu-
rophysiological abnormalities in HE [6]. However, the
main cause of the discrepancies between ammonia levels
and HE is probably related to a difference in the brain
uptake of ammonia, which is increased in patients with
HE, independently of blood ammonia levels [7]. Gluta-
mine concentrations in the CSF fluid, which reflect the
degree of intracerebral ammonia metabolism, have a
good correlation with HE in cirrhosis [8]. Cerebral micro-
circulation and blood-brain barrier abnormalities may
account for the different ammonia uptake by the brain in
this situation.

Many reasons may explain why ammonia produces
changes in the cerebral function, with the most well
known relating ammonia to cerebral energy failure and
to changes in neurotransmission by different ways, in-
cluding an agonistic effect on GABAergic transmission,
causing inhibition of neurotransmission [1, 4, 9].

In the last decade, some investigators have tried to cor-
relate the presence of Helicobacter pylori infection and
HE in cirrhotics. Urease activity of this bacteria causes a
release of ammonia in the stomach, and therefore may
account for an increase in its levels due to intestinal ab-
sorption. The results of different studies are conflicting,
but most of the data did not confirm this hypothesis. We
performed a study in 62 cirrhotic patients with mild liver
impairment and absence of overt signs of HE. H. pylori
infection was detected in 52% of cases, with no differ-
ences in ammonia levels and in other data suggesting
minimal HE in positive and negative individuals. Fur-
thermore, no changes in the above-mentioned parame-
ters were observed after eradication of the microorganism
[10].

Many other substances originating in the gut have
been identified as possible additional neurotoxins in HE
having a synergistic effect with ammonia: mercaptans
(one of them, methanethiol seems to be the cause of fetor
hepaticus, a unique odor that can be detected in some
patients with HE), short and medium chain fatty acids
and phenols. The role of these compounds in HE remains
unclear because of the lack of consistent data and knowl-
edge of the mechanisms affecting brain function [11].

Benzodiazepines and GABAergic Tone

An increase of ‘endogenous’ benzodiazepines and oth-
er compounds (neurosteroids) has been described in HE,
both being modulators of the GABA receptor complex
(GRCQC), a potent inhibitor of neurotransmission. Alter-
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Fig. 1. MRI of a patient’s brain with HE.
An increase in the T signal in the globus
pallidus is seen.

ations of constituents of GRC have also been found in
cases of HE [12]. Benzodiazepines can be produced in the
brain, favored by some precursors present in the intesti-
nal flora. Brain GABA content is also increased in HE,
due to increased GABA uptake caused by an altered per-
meability of the blood-brain barrier. As stated previously,
the GABA system inhibits neurotransmission, and there-
fore some manifestations of HE may be due to a higher
GABAergic tone [1, 3, 11, 12].

Manganese

Many cirrhotics exhibit an increase in the T, signal in
the basal ganglia of the brain (globus pallidus), detected
by magnetic resonance imaging (MRI) [13], which disap-
pears after liver transplantation (fig. 1). This abnormality
is considered to be caused by accumulation of manganese
in the brain. Increased cerebral concentrations of manga-
nese have been found in cirrhotics dying with hepatic
coma. Although there are no good correlations between
plasma manganese levels and HE, the similarity between
the clinical manifestations of manganese intoxication
and the extrapyramidal signs present in some patients
with HE suggests that these may be due to the accumula-
tion of manganese in the brain [1, 13].

Neurotransmission in HE
The false neurotransmitters theory is now considered
obsolete. However, alterations in neurotransmission are
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probably the main cause of HE. Glutamatergic tone is
altered in HE, as it is GABAergic tone, as previously dis-
cussed [1, 4, 9]. Ammonia possibly plays a major role in
these abnormalities. At present, it is difficult to ascribe
changes in other neurotransmission systems that have
been detected in HE to the clinical manifestations of this
syndrome [11].

Pathology and Neuroimaging in HE

Astrocytes control the concentration of many sub-
stances in the interstitial compartment of the brain, and
play a crucial role in neuronal function. Although HE is
a functional syndrome, the most common pathological
finding in patients with advanced or persistent HE is the
presence of the so-called Alzheimer’s type 11 astrocytosis.
Astrocytes undergo this change because of an increase in
intracellular water that is produced by the hyperammo-
nemia. The increase in astrocyte water is due to the os-
motic effect of glutamine synthesis brought about by the
intracellular metabolism of ammonia. There are convinc-
ing data that swelling of the astrocytes plays a major role
in cerebral edema in acute liver failure. In fact, ammonia
concentrations correlate with the risk of brain herniation
in this situation [14]. In cirrhosis the degree of cerebral
edema is usually much less important, probably due to
the activation of osmoregulatory mechanisms, mainly the
release of myoinositol from the cells. On magnetic reso-
nance spectroscopy (MRS), the cerebral concentrations
of glutamine are high and those of myoinositol low, re-
flecting the activation of the osmoregulation. Alterations
in astrocyte function due to the above-mentioned chang-
es seem to be very important in neuronal function, there-
by contributing to the neurological manifestations of HE
[1, 5].

The role of neuroimaging in the study of HE is stressed
by the finding of the previously mentioned changes in
MRI (fig. 1) or MRS. Positron emission tomography
(PET) has also been used in the study of the pathophysi-
ological mechanisms of HE. An excellent review on this
topic has recently been published by Butterworth [15],
who also analyses the complex problem of the changes in
the expression of genes coding for key brain proteins in
HE.

Clinical Manifestations of HE
Signs and symptoms of HE may vary widely, oscillat-

ing from minimal HE, only manifested by some neuro-
psychological tests or on performing actions which re-
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quire relatively complex neuromuscular and psychologi-
cal activities (i.e. minimal encephalopathy) such as
driving, to a deep coma. HE may appear acutely in a pa-
tient without previous neurological problems and disap-
pear rapidly, or may be chronic, with repeated episodes
separated by periods of neuropsychiatric normality or
presented as permanent HE (table 1).

The clinical manifestations of overt HE are related to
mental status (from nearly normal to deep coma), neuro-
muscular changes (the most common and frequent being
flapping tremor), as well as modifications in mood and
behavior (some times very peculiar and bizarre in a pre-
viously normal individual). The consensus conference on
the nomenclature of HE suggested that the classical West
Haven classification be maintained as four degrees, espe-
cially useful in acute HE (table 2). In patients in grade IV
HE (i.e. hepatic coma), subclassification according to the
Glasgow Coma Scale was recommended [2]. In cases of
chronic permanent HE, the classification is less useful
and other neurological disturbances, which are infre-
quent in acute HE, may appear, such as extrapyramidal
changes and dementia. In rare cases, myelopathy may be
present [1, 11].

The diagnosis of HE is based on the clinical data with
very few complementary exams being really useful. Am-
monia levels (preferably arterial) may have a very poor
correlation with the presence and severity of HE, as pre-
viously discussed. EEG changes are very common and
relatively typical, especially the so-called ‘triphasic’
waves. However, they are not specific for HE and may
appear in other metabolic encephalopathies. Neuropsy-
chological tests are especially used in clinical research, but
their clinical usefulness is very slight. The Psychometric
Hepatic Encephalopathy Score (PHES), a standardized
test battery including five different tests — number con-
nection A and B, digit-symbol, line-tracing and serial-dot-
ting tests — has been described in recent years although
its use is restricted to the study of mild and minimal HE.
Apart from EEG, other neurophysiologic studies include
evoked potentials, particularly the study of the P300
wave, which are also used in research and only exception-
ally in the clinical setting [1, 2, 11]. The role of brain im-
aging techniques in the study of HE has been discussed
previously. CT scan may detect some degree of cerebral
edema, but the clinical usefulness of this technique lays
mainly in the detection of structural changes in the brain,
such as hemorrhage or tumors, which can cause neuro-
logical changes in cirrhotic patients that are obviously not
due to HE. Differential diagnosis is based on the exclu-
sion of those lesions, as well as other metabolic, toxico-

Hepatic Encephalopathy: From
Pathophysiology to Treatment

Table 2. Classification of HE (from Ferenci et al. [2])

Grade I Trivial lack of awareness
Euphoria or anxiety

Shortened attention span

Grade I1 Lethargy or apathy
Minimal disorientation for time or place
Subtle personality change

Inappropriate behavior

Grade II  Somnolence to semistupor
Confusion

Gross disorientation

Grade IV Coma (no response to verbal or noxious stimuli)

logical or infectious causes. In exceptional cases HE may
be the first manifestation of liver failure. This occurs in
hyperacute hepatic failure cases (neurological changes ap-
pearing before jaundice in a previously healthy individ-
ual) or in patients with well-compensated cirrhosis and
having large spontaneous porto-systemic shunts.

With the aim of providing a more objective index of
HE, Conn et al. [16] proposed many years ago the use of
the Porto-Systemic Encephalopathy (PSE) Index. It in-
cludes five different parameters: mental status, according
to the classical classification from I to IV (considered to
have a potency of 3), intensity of flapping tremor, levels
of ammonia, number connection test type A and the
mean frequency of EEG waves. This index was very pop-
ular in research on HE during many years but has now
been almost abandoned because it is considered too arti-
ficial.

The Pathophysiological Basis of HE Therapy

From a very simple point of view, the most useful ther-
apy of HE should include the cure of the liver insufficien-
cy and/or the closing of the porto-systemic shunts. In fact,
the first approach is exceptionally achieved in cirrhosis
without liver transplantation. In patients with acute liver
failure who survive with conventional measures, HE and
signs of cerebral edema disappear rapidly when liver im-
provement is achieved. In cirrhotics, the possibility of a
transient aggravation of liver dysfunction (called ‘acute-
on-chronic’) is relatively frequent: HE may also be tran-
sient in these cases. The main causes of this ‘acute-on-
chronic’ are alcoholic hepatitis, gastrointestinal bleeding
or infections. However, the presence of HE in a cirrhotic
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Table 3. Precipitating factors of HE (from Coérdoba and Blei [1]
and Blei [11])

Gastrointestinal bleeding

Infections/systemic inflammatory response syndrome
Renal failure/electrolyte disturbances

Psychotropic drugs

Increase of protein intake

Constipation

Unknown in 20-30% of cases

patient, regardless of the degree of HE and the factors caus-
ing the episode, carries a very bad prognosis. In a study
performed in our unit, survival probability after the first
episode of HE was 42 and 23% at 1 and 3 years respec-
tively [17]. This means that HE should be an indication
for evaluation and listing for liver transplantation (if no
contraindications are present) in every cirrhotic patient.
It has been repeatedly mentioned that HE usually ap-
pears when an event, previously not present, occurs dur-
ing the course of a cirrhosis without neurological impair-
ment. These are called ‘precipitating factors’, the main
ones being listed in table 3. As stated beforehand, most
of these factors cause an increase in the ammonia levels,
apart from the possible aggravation of liver function (the
above-mentioned ‘acute-on-chronic’). Gastrointestinal
bleeding, excessive protein intake and constipation in-
crease ammonia due to the higher absorption of nitrog-
enous compounds from the gut and renal failure or hy-
droelectrolytic abnormalities, often due to diuretics,
provoke increased renal ammonia production or reab-
sorption. In fact, in the recent years a new view of the
pathophysiology of HE takes four organs into account in
which the traffic of ammonia may result in increases of
this substance in the brain: the liver, the gut, the kidney
and the muscle [18]. In cases of HE induced by the intake
of benzodiazepines, it is obvious that this compound
plays a major causative role. Recently, the pathophysiol-
ogy of HE induced by one of the most common precipi-
tating factors (i.e. infection) has been clarified. The sys-
temic inflammatory response syndrome (SIRS) and its
mediators (nitric oxide and pro-inflammatory cytokines
such as interleukin-6, interleukin-g1 and tumor necrosis
factor-a) present during infection in patients with cirrho-
sis cause significant deterioration of neuropsychological
test scores following induced hyperammonemia, but not
after its resolution [19]. Therefore, inflammation and its
mediators may modulate the cerebral effect of ammonia
in these cases. Likewise, aggravation of HE in acute liver
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failure when SIRS develops has also been described
[20].

The prompt correction of the precipitating factors con-
stitutes the most important therapeutic feature in HE [1,
11]. Some authors consider that this is the only therapy
that should be instituted, the remaining procedures not
being useful or even being dangerous [21]. However, in a
significant proportion of cases, no precipitating factor can
be detected.

According to the different mechanisms involved in the
pathophysiology of HE, therapy should be directed to cor-
rect the following abnormalities [1, 5, 11]:

(1) Lower intestinal absorption of ammonia and other
neurotoxins: This is achieved by reducing the amount of
nitrogen in the diet, by oral administration of non-ab-
sorbable disaccharides (lactulose, lactitol, lactose in lac-
tose-intolerant individuals) or by enema, and by the
administration of non-absorbable or poorly absorbable
antibiotics, e.g. neomycin, paromomycin, and more re-
cently rifaximin [22, 23]. In a recent meta-analysis, anti-
biotics showed a better efficacy in HE in comparison with
non-absorbable disaccharides (fig. 2) [24]. Since the
pathophysiological and clinical value of these therapies
are discussed elsewhere, the most important aspect to
stress here is the fact that a restrictive protein diet wors-
ens the nutritional status of the patients, does not im-
prove the outcome of HE and can actually lead to an in-
crease in ammonia due to reduction in the muscular re-
moval of this substance [18]. In this connection, a recent
study has shown that a normoproteic diet can be safely
administered to patients with acute HE (fig. 3) [25]. Veg-
etable-based diets are used in cases of chronic HE with
intolerance to normal diet and seem to be useful in this
selected group of patients.

From a clinical point of view, the different procedures
discussed in this point are the most commonly used
[26].

(2) Manipulation of the intestinal production of ammo-
nia: Apart from the changes in the gut flora caused by
non-absorbable disaccharides and antibiotics, another
approach is to modify colonic bacteria by administering
high doses of urease-negative bacteria (Lactobacillus aci-
dophilus, Enterococus faecium SF 68) [27]. These thera-
pies require further investigation.

(3) Drugs acting on the urea cycle: This includes the
administration of ornithine-aspartate, which provides
substrates for urea and glutamine synthesis [28], zinc sup-
plements, since zinc is a cofactor for many enzymes of
the urea cycle [29], or sodium benzoate, a compound used
in children with urea cycle diseases. A study published in
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Fig. 2. Meta-analysis of the treatment of HE with non-absorbable
disaccharides. Conclusions: (a) few high-quality studies; (b) insuf-
ficient evidence of disaccharide efficacy, and (c¢) non-absorbable
antibiotics, better than disaccharides (from Als-Nielsen et al.
[24]).

1992 [30] showed that this drug improves HE in a man-
ner similar to that of lactulose.

(4) Benzodiazepine antagonists: The use of flumazenil
in HE not induced by the administration of external ben-
zodiazepines results in a transient improvement in men-
tal status in a small number of patients. Therefore, the
real efficacy of this drug is poor [31]. Probably, the useful-
ness of flumazenil in HE is to rule out the possible previ-
ous administration of benzodiazepines as a cause of the
neurologic impairment.

(5) Dopaminergic agonists: The use of bromocriptine
or L-dopa is restricted to cases of chronic HE with impor-
tant extrapyramidal signs. A recently published meta-
analysis did not provide evidence that these drugs are of
benefit in this setting, although it seems that there is also
insufficient data to exclude a potential beneficial effect
[32]. Since the extrapyramidal signs that some patients
with chronic HE present have been related to brain man-
ganese accumulation, chelation of this substance could be
an option; however, up to now no studies have been per-
formed to explore this possibility.

(6) Diets enriched with branched chain amino acids:
The use of intravenous solutions of branched chain ami-
no acids based on the ‘false-neurotransmitters’ theory was
very common some years ago as a treatment of acute HE.
This procedure is now rarely employed, although oral
supplements of branched chain amino acids continue to
be used as a complementary therapy in cases of protein-
intolerant patients with chronic HE. Administration of
branched chain keto analogues have also been studied in
small trials with conflicting results [1, 11, 33].

Hepatic Encephalopathy: From
Pathophysiology to Treatment

Grade of HE

Day 0 Day 7 Day 14

Fig. 3. Effects of a hypoproteic diet (-——, 0 g x 3 days, progressive
increase) versus a normoproteic diet ( , 1.2 g/kg/day from the
first day) in acute HE (from Cordoba et al. [25]).

(7) Surgery or angiographic techniques: In cases of
chronic HE the reduction or obliteration of large sponta-
neous porto-systemic anastomoses, or shunts previously
done by surgery or TIPSS (transjugular percutaneous por-
to-systemic shunt), can be a therapeutic option. The risk
of bleeding due to the increase in portal pressure after
performing these procedures is obvious. Splenic artery
embolization or total colectomy are other possibilities
that have been used in highly selected patients with chron-
ic HE resistant to other less aggressive therapies [1, 11].

(8) Artificial and bioartificial liver support in HE: In
recent years different extracorporeal systems have been
developed with the aim of substituting liver function.
Some of these systems consist in non-biological proce-
dures (i.e. artificial), similar to hemodialysis used in renal
insufficiency, while others contain active liver cells in the
circuit (i.e. bioartificial) [34]. The possible efficacy of
these procedures in HE has been investigated either in
acute liver failure or cirrhosis.

MARS (molecular adsorbents recirculating system) is
based on albumin dialysis. The rationale of this system is
to remove the toxins bound to albumin, as well as other
water-soluble substances. In HE, MARS has been used in
different circumstances. It seems to reduce cerebral ede-
ma in acute liver failure with improvement in mental
status in some cases. In cirrhosis with HE, MARS has
shown a reduction in the degree of encephalopathy in
non-controlled studies. In a recent clinical trial carried
out in the USA, this system was found to significantly
improve HE in comparison with controls [35]. MARS,
therefore, seems to be a useful tool in cases of severe acute

Digestion 2006;73(suppl 1):86-93 91



HE, especially if rapid improvement is not achieved with
conventional measures.

Bioartificial liver support systems, based on different
types of hepatocytes (porcine, human immortalized, hu-
man non-manipulated), have also been used in HE, espe-
cially in acute liver failure. The most important study of
these systems, using the HepatAssist device, has recently
been published. Unfortunately, however, no data is given
on the outcome of HE [36]. In a previous publication us-
ing the same system, the Glasgow Coma Scale as well as
intracranial pressure significantly decreased after treat-
ment with this system [37].

According to a meta-analysis published in 2004, the
positive effects, including improvement in HE of the ar-

tificial and bioartificial liver support systems in patients
with liver failure, seemed to be restricted to the ‘acute-
on-chronic’ situation, while their efficacy in patients with
acute liver failure remained doubtful [38].

(9) Liver transplantation: Substitution of the sick liver
by a new organ is obviously the most radical therapy for
improving the manifestations of hepatic failure. As stated
previously, any patient who has presented an episode of
HE should be evaluated for this procedure [17]. In cases
of chronic HE, improvement in neurological signs after
liver transplantation may not occur, or recovery may be
only partial. This is also an argument to proceed with
early liver transplantation, before the development of im-
portant organic brain lesions develop on sustained HE.
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Table 1. Predisposing factors for HE

development (from Mullen et al. [3] and Nitrogen products Metabolic alteration  Drugs Others

Ferenci et al. [4]) ] ] ] ] ] ]
Gastrointestinal bleeding ~ Hypokalaemia Opiates Infections
Hyperazotaemia Alkalosis Benzodiazepines  Surgery
Constipation Hypoxia Diuretics Renal failure
High-protein diet Hyponatraemia Sedatives Short fatty acids
H. pylori Hyperkalaemia Phenol
Uraemia Dehydration

Table 2. Glasgow Coma Scale: level of con-
sciousness (from Teasdale et al. [6])

Eyes open
Spontaneously
To command
To pain
No response

Best motor response
Obeys verbal orders
Localizes painful stimuli
Painful stimulus, flexion
Painful stimulus, extension
No response

Best verbal response
Oriented, conversant
Disoriented, conversant
Inappropriate words
Inappropriate sounds
No response

ol \C I VS IRV, I — N W A

— N W B W

coma (acute encephalopathy). Patients with fulminant
hepatic failure and subjects with liver cirrhosis can pre-
sent with acute encephalopathy. In patients with cirrho-
sis, acute encephalopathy is most commonly associated
with a precipitating factor that triggers the change in men-
tal state (table 1).

In cirrhosis, recurrent episodes of an altered mental
state may occur in the absence of precipitating factors
(recurrent encephalopathy) and neurological deficits may
not be completely reversible (persistent encephalopathy).
The most frequent neurological disturbances are not evi-
dent on clinical examination: mild cognitive abnormali-
ties are only recognizable with psychometric or neuro-
physiologic tests (minimal or subclinical encephalopa-
thy).

Quantification of the degree of HE is mainly based on
the West Haven Criteria [5], which grades HE from I to

Antibiotics and Hepatic Encephalopathy

Table 3. Toxins likely involved in the pathogenesis of HE

Ammonia
GABA/benzodiazepine
Multiple synergistic toxins
False neurotransmitters/plasma amino acid imbalance
True neurotransmitters
(i.e. glutamate, dopamine, norepinephrine, etc.)
Serotonin/tryptophan
Manganese
Endogenous opioids

IV. An additional instrument is the Glasgow Coma Scale
(table 2) [6] which, measuring the response to eye open-
ing, verbal behaviour, and motor responsiveness, quanti-
fies neurological impairment and is less subject to ob-
server variability than the evaluation of consciousness;
however, it has not been rigorously evaluated in patients
with HE.

Pathophysiology of Hepatic Encephalopathy

From a pathophysiological point of view, it is widely
accepted that in chronic liver dysfunction the cause of HE
is due to the failure of hepatic clearance of toxic products
from the gut. Different toxins have been suggested to have
a pathogenic role in HE development (table 3); however,
the scientific debate continues about which toxin, alone
or in concert with other noxious agents, mediates HE [7].
A detailed and complete description of the experimental
and clinical evidence of the role of each putative toxin is
beyond the aim of this paper. However, two hypotheses
(i.e. the ammonia hypothesis and the GABA »/benzodi-
azepine hypothesis) will be discussed since they represent
the rationale upon which current treatments are based
[7, 8].
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Table 4. Oral antibiotic therapy for HE

(see text for references) Drug Antibacterial Regimen  Potential adverse Efficacy
activity g/day effects
Ampicillin Wide spectrum 4 Resistant strains Good
Paromomycin Wide spectrum 4 Nephro/ototoxicity ~ Good
Neomycin Aerobic bacteria 4-6 Nephro/ototoxicity ~ Good
Metronidazole Anaerobic bacteria 0.8 Neurotoxicity Good
Rifaximin Wide spectrum 1.2 Not reported Good

Ammonia remains the key gut-derived neurotoxin im-
plicated in the pathogenesis of HE [9, 10]. It is released
from several tissues (kidney, muscle), but the highest con-
centrations are found in the portal vein. Portal ammonia,
which is the key substrate for the synthesis of urea and
glutamine in the liver, is derived from both the urease
activity of colonic bacteria and deamination of glutamine
in the small bowel. The blood-brain barrier permeability
to ammonia is increased in patients with HE [11].

Several studies [12—-14] have evaluated the structural
and neurochemical changes in the brain exposed to am-
monia. This toxin induces type 2 astroglial changes, con-
tributes to cell swelling through increases in intracellular
glutamine, causes alterations in the blood-brain barrier,
influences glutamatergic neurotransmission, and increas-
es neuronal nitric oxide synthase (iINOS) expression. Fur-
thermore, ammonia has been linked to abnormalities in
GABAergic neurotransmission through its direct action
on the GABA ,/benzodiazepine receptor complex and its
ability to increase the density of the peripheral-type ben-
zodiazepine (BZ) receptor. This is followed by enhance-
ment of neurosteroid production, which in turn acts on
the GABA ,/benzodiazepine receptor complex[7, 15, 16].
Despite this pathophysiological background, studies on
the correlation between blood ammonia levels and sever-
ity of HE have provided conflicting results [12, 17].

Other gut-derived toxins have been proposed. BZ-like
substances have been postulated to arise from a specific
bacterial population in the colon (e.g. Acinetobacter Iwof-
J1) [18-20]. Other products of colonic bacterial metabo-
lism [21], such as neurotoxic short- and medium-chain
fatty acids, phenols, and mercaptans, may interact with
ammonia and result in additional neurochemical chang-
es [1]. In addition, a manganese deposit could occur in
basal ganglia and induce extrapyramidal symptomatolo-
gy [22]. The GABA y/benzodiazepine hypothesis suggests
that endogenous or natural (found in the food cycle) BZs
accumulate in the brain and cause HE by a mechanism
similar to that triggered by exogenous BZ drugs. These

96 Digestion 2006;73(suppl 1):94-101

BZs may derive either from occult ingestion of prescrip-
tion drugs or from dietary and endogenous (i.e. synthe-
sized by gut bacteria) sources [18, 19, 23]. Correlation of
the levels of BZ with the severity of HE has been report-
ed by some investigators [24], but not by others [20]. Flu-
mazenil, a potent BZ receptor antagonist, is able to re-
verse HE only in a subset of cirrhotic patients [25]. These
results and the findings showing that ammonia modulates
GABA /benzodiazepine receptor complex [15, 16] sug-
gest that a combination treatment of HE directed towards
both ammonia and BZ-like substances could be more ef-
fective than the pharmacological approach specifically
addressing one single toxin.

Treatment of Hepatic Encephalopathy

According to recent guidelines [1, 4], the treatment
goals of HE are the provision of supportive care, the iden-
tification and removal of precipitating factors, the reduc-
tion of nitrogenous load from the gut and the assessment
of the need for long-term therapy.

Different treatment strategies have been proposed to
achieve these objectives: nutritional management, non-
absorbable disaccharides and/or antibiotics to reduce the
nitrogenous load arising from the gut, drugs affecting neu-
rotransmission, antidopaminergic drugs, branched-chain
amino acids (BCAA) to resolve the imbalance between
aromatic and BCAA, radiological and/or surgical proce-
dure to manage portal-systemic shunts. All these ap-
proaches have been discussed in another paper of this
issue [5]. This review will specifically address antimicro-
bial use in the management of HE.

Antimicrobials

Given the primary role of gut-derived ammonia in HE,
most therapeutic approaches are directed at reducing bac-
terial production of ammonia and enhancing its elimina-
tion [11]. Therapeutic management consists primarily of

Festi/Vestito/Mazzella/Roda/Colecchia



control of precipitating factors, restriction of dietary pro-
tein, bowel cleansing, and administration of disaccha-
rides [26-29].

Antibiotic therapy was the first approach proposed for
the treatment of HE, even on the basis of non-controlled
clinical studies [30]. Suppression of intestinal flora and its
metabolic activities will translate into decrease of produc-
tion of ammonia and other bacteria-derived toxins. Con-
versely from antimicrobials, lactulose lowers the colonic
pH as a result the production of organic acids by bacte-
rial fermentation. The decrease in pH creates an environ-
ment that is hostile to the survival of urease-producing
intestinal bacteria and may promote the growth of non-
urease-producing lactobacilli, resulting in a reduced pro-
duction of ammonia in the colonic lumen [29].

Different antibiotics have been tested, both in open
and controlled studies. The aminoglycoside neomycin
has been reported to be as effective as the non-absorbable
disaccharide lactulose [31, 32]. Similar evidence has been
achieved using different antimicrobials, such as paromo-
mycin, ampicillin, metronidazole [33-37] (table 4).

The non-absorbable disaccharides lactulose and lacti-
tol have long been considered as a first-line pharmaco-
logical treatment of HE [1], despite the lack of good clin-
ical evidence. In fact, a recent Cochrane systematic re-
view on the available clinical studies [38] questioned the
benefit of non-absorbable disaccharides and highlighted
that there are insufficient high-quality trials to support
this treatment. The same review concluded that antibiot-
ics appeared to be superior to non-absorbable disaccha-
rides in improving HE, but it was unclear whether this
difference in treatment effect is clinically relevant.

The potential adverse events associated with the use
of currently available antibiotics preclude their first-line
use for HE [27]. Although neomycin, vancomycin, and
paromomycin are generally poorly absorbed, they may
reach the systemic circulation in amounts sufficient to
cause serious adverse effects, including hearing loss and
renal damage [39-41]. Like lactulose, these antibiotics
may also cause diarrhoea and intestinal malabsorption
[39-41]. Because of its adverse tolerability profile in pa-
tients with HE, the absorbed antibiotic metronidazole is
not recommended for longer than 2 weeks in these pa-
tients [26, 42-44]. Metronidazole must be used cautious-
ly in patients with neuropsychiatric diseases including
HE because of its potential to cause neurotoxicity. Fur-
thermore, the dosage of metronidazole requires adjust-
ment in patients with severe liver disease. Patients using
alcohol concomitantly with metronidazole or within 3
days after therapy with metronidazole may experience an

Antibiotics and Hepatic Encephalopathy
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Fig. 1. Changes in blood ammonia (a) and incidence of asterixis
(b) during open-label administration of rifaximin to 80 patients
with grade I HE (from Festi et al. [47]).

Antabuse-like reaction characterized by abdominal dis-
comfort, vomiting, flushing, and headache. Metronida-
zole has also been reported to cause dose-dependent pe-
ripheral neuropathy.

Rifaximin in the Treatment of HE

Rifaximin is a poorly absorbed rifamycin derivative
whose wide spectrum of antibacterial action covers both
aerobes and anaerobes, either Gram-positive and Gram-
negative [45, 46]. Due to the lack of absorption this anti-
biotic is remarkably safe also in the long term [45, 46]. Its
antimicrobial efficacy and safety make it the ideal agent
to reduce the ammonia-producing bacterial load. Indeed,
the drug proved to be very effective both in reducing
blood ammonia and improving clinical status in patients
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Table 5. Change in PSE index of cirrhotic patients between baseline (day 1) and day 7 of treatment with rifaximin

(from Williams et al. [61])

Dosage group  Time PSE index, % 95% CI
n mean * SD minimum maximum for mean
600 mg Day 1 14 37.8+11.4 25.0 64.3
Day 7 or withdrawal 17 31.9+16.9 3.6 67.9
Change 14 -6.4%+13.7 -25.0 25.0 -14.0,1.2
1,200 mg Day 1 16 38.4+13.8 21.4 75.0
Day 7 or withdrawal 16 28.2+18.9 7.1 82.1
Change 16 -10.3£13.7 -28.6 32.1 -17.4,3.1
2,400 mg Day 1 16 41.7+8.5 17.9 50.0
Day 7 or withdrawal 16 31.0£14.2 7.1 57.1
Change 16 -10.7+£14.9 39.3 14.3 -17.8,-3.6

n = Number of patients for whom data were available.

N.S.

067056+0.1 0.56+0.1

0.5

0.4
N.S., *
0.27 £0.2
0.22 +£0.2

%k, ek

0.3 0.25 £ 0.1

HE index

0.2 0.18 £ 0.1

0.1

T T
Day 5

Post-treatment™

Fig. 2. Changes occurring in the PSE index in cirrhotic patients
with grade [-1II HE following 5-10 days treatment with rifaximin
(O, 1,200 mg/day) or lactitol (K, 60 g/day). Values are expressed
as mean grade (SD); N.S. =p = 0.05; * p values versus basal mean
values, p = 0.0000 in both groups; ** significant comparison be-
tween groups, p = 0.0103 in favour of the rifaximin group (from
Mas et al. [62]).

with HE (fig. 1) [47]. The clinical experience with rifaxi-
min has been thoroughly examined in two recent reviews
[48, 49], which the reader is referred to.

The effectiveness of rifaximin in the treatment of HE
has been assessed in 16 clinical trials [47, 50-64]. Overall,
809 patients were involved, of whom 521 were treated
with rifaximin, while 176 received disaccharides (lactu-
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lose or lactitol) and 113 with other antibiotics (neomycin,
paromomycin) employed as reference drug. Two recent
studies [61, 62], performed in accordance with the Good
Clinical Practice (GCP) guidelines, are particularly inter-
esting and will be discussed in detail. The first investiga-
tion [61] was a dose-finding study where 54 patients
with grade I-11I HE, three daily dosages (600, 1,200 and
2,400 mg) were assessed. The main objective parameters
were the portal-systemic encephalopathy (PSE) index, the
Reitan test, the EEG, and the blood ammonia concentra-
tions. The clinical status improved at all dose levels, but
a clear relationship with dose was not detected (table 5).
In addition, the negligible systemic absorption of rifaxi-
min was confirmed and no significative side effect was
documented.

The second study was a large multicentre trial per-
formed in Spain according to a double-blind, double-
dummy design [62]. One-hundred and three patients with
grade I-III acute HE were enrolled: 50 patients received
rifaximin and 53 the disaccharide lactitol. The efficacy
and safety endpoints of the study were the same of previ-
ous study [61]. The global efficacy of both therapies was
similar: 81.6% of the patients in the rifaximin group and
80.43% in the lactitol group showed improvement or total
regression of the episode. A significant better evolution
of the PSE index was observed in the rifaximin group
(fig. 2), due to a greater effect of rifaximin on blood am-
monia levels and EEG abnormalities.

The results of these two studies [60, 61] indicate that
rifaximin administration is a useful alternative to disac-
charides for the treatment of grade I-III encephalopa-
thy.

Festi/Vestito/Mazzella/Roda/Colecchia
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Fig. 3. Blood levels of ammonia (a) and benzodiazepine-like substances (b) in compensated cirrhotic patients:
effect of rifaximin alone and in association with a symbiotic preparation (SCM-III: L. acidophilus, Lactobacillus
helveticus and Bifidobacteria in an ion- and vitamin-enriched medium). * p < 0.05 vs. pre-treatment values; ¥ p <
0.05, rifaximin + SCM-III vs. other groups; dotted line: normal value (from Lighthouse et al. [68]).

The early clinical studies [47, 50-60], although not
performed in GCP, have all demonstrated the good clin-
ical efficacy and excellent tolerability of rifaximin in pa-
tients with HE, giving further support to its use in this
clinical condition. A recent clinical study [63] has actu-
ally shown the efficacy of rifaximin administration in pa-
tients intolerant or non-responsive to a previous treat-
ment with non-absorbable disaccharides.

In addition to its ammonia-lowering effect, rifaximin
is able to reduce blood concentrations of BZ-like com-
pounds in patients with liver cirrhosis [65]. While these
results are consistent with hypothesis that intestinal bac-

Antibiotics and Hepatic Encephalopathy

teria are, at least partially, a source of endogenous BZ
[65-67], they suggest that this antibiotic — administered
cyclically — could prevent the accumulation of both patho-
genetic (.. ammonia) and precipitating (i.e. BZ) factors.
In this connection, a recent paper [68] — while confirming
the ability of rifaximin to reduce both ammonia and BZ
level — did show a significant reduction of plasma endo-
toxin concentration. Furthermore, it did show that — after
stopping rifaximin — subsequent treatment with a probi-
otic mixture achieves a sustained reduction of all the
above toxic substances (fig. 3).
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Conclusions

The available evidence clearly shows that antibiotics
are effective in the management of HE. Their role needs

ing the use of disaccharides. Among the poorly absorbed
antimicrobials, rifaximin seems to be the drug of choice

long term.

to reappraised especially in the lack of evidence support-
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Note Added in Proof

A recent retrospective study [69] point-
ed out the superiority of antibiotic therapy
over treatment with disaccharides in the
management of HE. In this study, 145 pa-
tients received lactulose (30 ml b.i.d.) for
> 6 months, followed by rifaximin (400 mg
t.i.d.) for =6 months. Charts were then
reviewed to compare the patients’ last 6
months on disaccharide and first 6 months
on antibiotic. The number of hospitaliza-
tions was significantly lower during the pe-
riod of rifaximin therapy compared with
lactulose (mean 0.5 vs. 1.6, respectively,
p < 0.001). During the rifaximin therapy
period, patients spent significantly less time
in the hospital (mean time 3.1 days) than
during the lactulose period (mean time 12.5
days, p < 0.001). Compared with the lactu-
lose therapy period, HE grade was signifi-
cantly lowered following rifaximin therapy
(p < 0.001). On the contrary, medication
compliance was significantly higher with ri-
faximin therapy compared with lactulose
(p<0.001). Using Health Care Cost Utiliza-
tion Project (H-CUP) data, the reductions
in occurrences and duration of hospitaliza-
tions achieved with rifaximin therapy re-
sulted in an average cost savings of USD
67,559 per patient. These results show that
treatment of HE with rifaximin is not only
more effective than treatment with lactu-
lose but represents also a cost-saving ap-
proach.
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Fig. 1. Incidence of TD by geographical
area (from DuPont [12]).
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TD has a short incubation time and the onset most
often occurs in two different peaks, the first is early dur-
ing the trip (first 3-4 days) [4] and the second one is
around the 10th day. However, TD can occur at anytime
during the trip [7] and the attack rate for TD is higher the
longer the trip is [8]. In the International Health Clinics
in Europe, people consulting because of TD (approxi-
mately 12% of all TD occur in returned travelers) [9] usu-
ally start to have diarrhea during the last days of the trip
or have suffered a persistent/chronic diarrhea, often de-
spite having been self-treated.

Risk Factors

Travelers’ behavior as well as the public health mea-
sures in the country being visited are the main determi-
nant factors to acquire TD. The lack of hygiene and poor
general sanitation in tropical countries cause a high envi-
ronmental contamination. Therefore, the destination is
one of the main risk factors for TD, as industrialized coun-
tries are areas with the least risk and tropical countries the
areas with a high risk for TD (fig. 1) [10-12]. The inci-
dence of TD is increased by other factors related to the
quality, type and location of food consumption [13, 14].
There also are some personal factors that can play a key
role in the susceptibility of travelers to acquire TD: im-
munodeficiency and decreased gastric acidity. Travelers

Traveler’s Diarrhea

with diminished gastric secretion or taking acid lowering
drugs have a higher probability for acquiring TD [15].

In the majority of studies on TD, children and young
adultshave more diarrheal episodes than other age groups,
the latter probably due to a more adventurous type of
travel that includes a variety of dietary habits[1, 15]. The
modality of the trip is also a risk factor. Even if the ad-
venturous trips have potentially a higher risk for TD,
some high-level trips in luxury hotels as well as cruises on
the Nile (Egypt) and Rio Negro (Brazil) have been de-
scribed as risk factors probably due to the food storage
conditions for a prolonged period [1, 8]. Belonging to a
higher socio-economic status seems to carry a significant
risk to develop TD when people visit a high-risk area [16].
Season is also a factor that influences not only the risk of
acquiring TD [8] but also the etiology. Cyclospora cay-
etanensis infection is, for instance, more frequent during
the rainy season in Nepal [17]. Campylobacter jejuni was
more frequently isolated in Finnish tourists visiting Mo-
rocco during the winter compared to those who travelled
during the summer [18].

Etiology
TD is caused by a wide range of infectious organisms.

A study on Spanish travelers to tropical countries showed
an etiological bacterial agent in 61% of patients and a
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Table 1. Common enteropathogens causing TD, with some pathogenic mechanisms and minimum inoculum necessary to induce di-

arrhea
Pathogenic mechanisms Inoculum
Bacteria
Aeromonas spp. Enterotoxins (Ast, Alt), cytotoxin (aerolysin) and invasion 10*
Campylobacter spp. Unclear: enterotoxin (CJT), cytotoxin, invasion 500-1,000 microorganisms
Enteroaggregative E. coli (EAEC) Enterotoxin (EAST-1, Pet, Shet-1, Shet-2), mucus biofilm, >108
cytotoxic effects on mucosa (Sat, CDT)
Enterotoxigenic E. coli (ETEC) Enterotoxins (ST/LT), LPS >108
Salmonella spp. Unclear: enterotoxin (Stn), cytotoxin, invasion 10°-108
Shigella spp. Enterotoxins (Shet-1, Shet-2, EAST), cytotoxin 10-100 bacteria

(Shiga, Sat, SepA), invasion

Vibrio parahemolyticus Hemolysin (TDH)

Yersinia spp.

Enterotoxin (YST), invasion

10°-108
10°

Parasites
Cryptosporidium parvum
Cyclospora cayetanensis

Unknown

unknown
Entamoeba histolytica

Giardia lamblia Adherence to the mucosa

Invasion (upper small intestine) but mechanism for diarrhoea

Invasion, proteases, phagocytose

10-1,000 oocysts
?

10-100 cysts
10-25 cysts

Viruses
Adenovirus Interference with the brush
Norwalk virus Lysis of enterocytes and enterotoxin
Rotavirus NSP4 (rotavirus)

border function, and malabsorption
10-100 viral particles
10%-103 virus particles

protozoan in 17% of them [19]. These results are similar
to those obtained by other groups. Usually in 25-50% of
TD cases, no enteropathogen is isolated, but not all the
studies have used all available techniques for bacterial or
viral detection.

Bacteria are the enteropathogens more frequently in-
criminated (50-80%) as a cause of TD (table 1). Strains
of Escherichia coli are the most isolated bacteria in travel-
ers with TD. Among them, enterotoxigenic E. coli (ETEC)
continues to be the most frequently isolated strain [20].
Other E. coli (enteropathogenic (EPEC), enterohemor-
rhagic (EHEC) and enteroinvasive (EIEC)) strains have
also been isolated (although less frequently) and the en-
teroaggregative (EAEC) strains have been increasingly in-
criminated in cases of travelers with diarrhea [21-23].

Table 1 shows other bacteria as Aeromonas spp.,
C. jejuni, Salmonella spp., Shigella spp., or Vibrio species
that have also been described as a cause of TD [20, 24,
25]. The percentage of each pathogen varies greatly fol-
lowing several studies, mainly due to the different tech-
niques used for microbial identification, and the seasonal
variations and geographical areas studied.

Viruses have been less studied except for the easily di-
agnosed rotavirus with a wide spectrum of prevalence
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(0-36%) in different series [26]. The prevalence is gener-
ally low in most studies even in those involving children
[27]. Other viruses described as a cause of diarrhea have
been detected in other studies (table 1) [20].

Giardia lamblia and Entamoeba histolytica are a less
frequent cause of TD. Giardiais a very common pathogen
in some places [28], although it is a cosmopolitan proto-
zoa. The diagnostic of E. histolytica is still problematic
due to the fact that microscopically it is indistinguishable
from the non-pathogenic Entamoeba dispar, and proba-
bly the diagnosis of amebiasis in travelers is overestimat-
ed. In recent years, C. cayetanensis has emerged as a caus-
ative organism of diarrhea [29] affecting travelers [30,
31]. Together with Cyclospora and Criptosporidium spe-
cies, Giardia is often the cause of persistent diarrhea in
the returned traveler [32].

Among non-infectious causes, ciguatoxin is prominent
as an intoxication in travelers to the Caribbean and the
Pacific areas [33, 34]. Destination, season and especially
alimentary behavior have a great influence on its pres-
ence. Ciguatera poisoning causes early diarrhea followed
by neurological and less frequently cardiovascular symp-
toms.

Gascon



Table 2. Incubation period and type of diarrhea for some enteropathogens causing TD

Enteropathogen Incubation Type of diarrhea Persistent/
period chronic diarrhea

ETEC 10-48 h Non-inflammatory watery diarrhea -

EAEC 8§-48 h Watery and inflammatory diarrhea + +

Shigella spp. 1-3 days Watery diarrhea, dysentery -

Campylobacter jejuni 2-4 days Watery diarrhea, dysentery +*

Salmonella spp. 12-24h Watery diarrhea, dysentery +*

Aeromonas spp. 1-2 days Watery diarrhea, inflammatory diarrhea +*

Vibrio parahemolyticus 2-48 h Watery diarrhea -

Yersinia enterocolitica 2-10 days Watery and inflammatory diarrhea +*

Rotavirus 1-3 days Watery and osmotic diarrhea -

Adenovirus 7-10 days Watery diarrhea -

Giardia lamblia 3-40 days Non-inflammatory, chronic and intermittent diarrhea +++

Cyclospora cayetanensis 2-11 days Watery and chronic intermittent diarrhea +++

* Mostly acute diarrhea.

Pathophysiology

Because TD is mainly caused by microbial agents or
toxins, the fecal-oral route is the way through which TD
1s acquired when people ingest contaminated food or wa-
ter. The incubation period and the mechanisms poten-
tially responsible for TD depend on the microbiological
agent causing it (table 2). The proposed pathophysiology
of bacterial gastroenteritis includes the elaboration of en-
terotoxins by toxigenic pathogens, the action of lipopoly-
saccharide endotoxin, the invasion of intestinal mucosa
by invasive pathogens and the release of cytotoxins. Pre-
viously, all bacteria need to colonize intestinal mucosa.
Various colonization factors (motility, imbriae, pili and
non-fimbrial adhesins) have been detected, playing an
initial key role for bacteria attachment to the intestinal
mucosa. Bacteria can then release toxins.

Enterotoxins are released by bacteria colonizing the
upper small intestine in the majority of cases. Enterotox-
ins bind a specific cellular receptor to penetrate into the
cells, and thus deregulate the cellular adenylate cyclase
regulatory system, increasing the levels of cAMP, and in-
ducing a secretory fluid mechanism. ETEC (ST and LT
enterotoxins) [35] and Vibrio cholerae (cholera toxin) are
the prototypes of bacteria exhibiting these properties. The
diarrhea caused by these enteropathogens is non-inflam-
matory and watery.

Other enterotoxins operate through the cGMP path-
way, also causing a watery diarrhea. ST enterotoxin from
ETEC strains as well as lipopolysaccharide endotoxin use
this mechanism [36]. Other toxins like the ciguatera tox-

Traveler’s Diarrhea

in use the calcium-dependent pathways [37] and recently
a nitric oxide pathway has been described for Shigella
[38]. All these mechanisms induce an increase of fluid
secretion and watery diarrhea.

Osmotic mechanism is another way to induce non-in-
flammatory diarrhea. Osmotic diarrhea is due to the pres-
ence of poorly absorbable solute exerting an osmotic pres-
sure across the intestinal mucosa. This type of mecha-
nism is seen mainly in chronic diarrhea and in rotavirus
infection.

Bacteria causing inflammatory diarrhea usually colo-
nize the distal ileum and the colon where they invade the
mucosa inducing a dysenteric illness. Moreover, some en-
teropathogens release cytotoxins that disrupt intestinal
mucosa. Cytotoxins kill target cells through two different
mechanisms: acting at the intracellular level inhibiting the
cellular protein synthesis or inhibiting the actin filament
formation. Shigella dysenteriae type 1 is the prototype of
bacteria causing inflammatory diarrhea through the inhi-
bition of cellular protein synthesis (shiga toxin). Other
kinds of cytotoxins act forming pores in the cell membrane
(hemolysins). Vibrio parahemolyticus is an example of en-
teropathogen acting through one hemolysin (TDH).

Some bacteria may exhibit both capacities, that is to
release enterotoxins and cytotoxins. C. jejuni, which has
an invasive capacity, releases an enterotoxin similar to
cholera toxin and a cytotoxin that may play a role in the
inflammatory diarrhea[39]. Salmonellaspp. and Aeromo-
nas spp. [40], both with invasive capacity, can also induce
both types of diarrheal mechanisms (secretory and in-
flammatory).
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Fig. 2. Activation of an intramural neural
reflex from CT secretion. 5-HT = Serotonin;
NT = neurotensin; ACh = acetylcholine;
SP = substance P; VIP = vasoactive intesti-
nal peptide (from Field [45]).
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Sometimes, diarrheogenic agents use several mecha-
nisms which are not always well understood. Enteroag-
gregative E. coli strains (EAEC), for example, are able to
form a mucus biofilm, but also induce a shortening of the
villi, hemorrhagic necrosis of the villous tips, exfoliation
of enterocytes and a mild inflammatory response [41, 42].
Some strains are also able to release an enterotoxin
(EAST1). Heterogeneity has been established for the role
of some virulent factors present in some bacterial EAEC
strains. These are potentially related to diarrhea as a plas-
mid-encoded protein that has enterotoxin secretory prop-
erties as well as the capacity to induce changes in the cel-
lular cytoskeleton [43].

Aside from the described pathways for some entero-
toxins, there is some evidence that LT/ST from ETEC
strains and CT from V. cholerae could induce diarrhea
through activation of neural reflexes (fig. 2) [44, 45]. Con-
cerning the viral agents, these mechanisms include os-
motic and secretory mechanisms through the interference
with the brush border function leading to carbohydrate
malabsorption, the action of protein-like enterotoxins
(NSP4 for rotavirus) and lysis of enterocytes [46—48].
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E. histolytica is an invasive protozoa with several well-
identified virulence factors: contact-dependent cytolysis,
proteases, toxins adhesion molecules and phagocytic ac-
tivity [49]. Intestinal ulceration is the rule and progres-
sion of illness can lead to intestinal perforation. From the
intestinal world, E. histolytica can spread to other body
organs, the liver being the most affected one.

For some protozoa like Giardia that adheres to the
mucosa in the small intestine, no specific virulence fac-
tors have been identified. C. cayetanensis is able to invade
enterocytes and to promote a mucosal inflammation with
mild reduction in villous height, intraepithelial lympho-
cyte infiltration and some vacuolization in the surface
epithelium; however, specific virulence factors have not
been identified to date [50, 51].

Clinical Symptoms

Although several studies have attempted to correlate
specific enteropathogens with clinical presentation, the
wide range of symptoms and the possibility for bacteria to
express several mechanisms make this impossible for the
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majority of cases. However, some common generalities
have been established. Patients with acute non-inflamma-
tory diarrhea affecting the small intestine typically present
with high-volume watery stools and dehydration is fre-
quent. Children and the elderly are the age groups most
affected by dehydration. The number of stools varies great-
ly and diarrhea could be accompanied by other symptoms
like cramps, borborygmi, bloating, nausea, low-grade fever
and less frequently vomiting. Accompanying symptoms
are sometimes so severe to confine patients to bed.

Patients with an inflammatory bowel illness involving
the large intestine usually present with small-volume stool
and tenesmus. Dysentery presents with blood and mucus
in the stools. Moreover, invasive pathogens may cause
fever and abdominal pain which is occasionally severe.
Bacteria with the capacity to produce enterotoxins and
also invasion may cause a sequential clinical picture.

Parasites and sometimes certain bacteria (EAEC and
to a lesser extent Sal/monella or Campylobacter strains)
can cause persistent (>14 days) or chronic diarrhea (>30
days). Nausea, vomiting, dyspepsia, and asthenia are usu-
al symptoms for G. lamblia and C. cayetanensis. Often,
symptoms are intermittent and weight loss is common
[21]. A number of patients with TD present gastrointes-
tinal chronic symptoms months after the trip and in one
study, 11% of them met the Rome II criteria for irritable
bowel syndrome [52]. More long-term follow-up studies
are needed to determine the incidence of post-infectious
complications of TD.

Extraintestinal symptoms can follow an infection for
an invasive microorganism. Hemolytic-uremic syndrome
is the most severe complication for some bacteria like
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for 30-60% of TD cases with a surprising homogeneity
across the continents. Other bacterial microorganisms
isolated during TD studies are Campylobacter jejuni, Sal-
monella spp., Shigella spp., Aeromonas hydrophila, Ple-
siomonas shigelloides and non-choleric vibrios. More
rarely, also viruses (Rotaviruses, Caliciviruses and En-
teroviruses) and protozoa (Entamoeba histolytica, Cryp-
tosporidium parvum, Giardia lamblia and Cyclospora
cayetanensis) may be involved as causative agents of TD
in international travelers. However, according to the dif-
ferent studies [2], no causative agent may be identified in
as many as 40% of TD cases. As a general rule, the more
severe the clinical presentation, the more likely that an
invasive microorganism is the causative agent of the syn-
drome, although no reliable relationship could be estab-
lished between symptoms and etiology. Among other
non-infectious possible causes of TD, jet lag, increase in
alcohol consumption, stress and modification of intesti-
nal bacterial flora due to dietary changes are also to be
considered.

TD is usually self-limiting in the healthy traveler, but
more severe syndromes may be observed in young chil-
dren, old patients and in subjects with underlying debili-
tating conditions (diabetes, chronic cardiac diseases, im-
munocompromised hosts, etc.). In these cases the illness
may be incapacitating, cause confinement to bed and
even hospitalization during and/or after the travel with
significant (direct and indirect) costs [3]. Furthermore,
the impact of TD on the income of destination countries
may be devastating and cause a substantial damage to the
national budget of many developing countries with lim-
ited resources and for whom touristic revenues are cru-
cial.

Apart from its implications in international travelers,
TD may be considered an indirect mirror of the far more
mmportant infectious diarrheal diseases of childhood in
developing countries, i.e. the cause of more than 2 million
deaths of children under 5 years of age each year.

Prevention of Traveler's Diarrhea

Given the dimension of the medical and social prob-
lem, the prevention of TD is of course one of the priority
goals of travel medicine. While anybody agrees on this
statement, a lower degree of agreement exists on how to
achieve this objective. Indeed an extremely large array of
microbiological, geographical and travel/traveler-related
variables may play a confounding role in developing pre-
ventive guidelines.
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In this review we will try to present the available and
most updated scientific information concerning the pre-
ventive strategies of diarrhea in the international traveler.
A discussion of the far more relevant problem of child-
hood diarrhea in developing countries goes beyond the
aims of this paper and will not be attempted here.

Alimentary Precautions

A large body of evidence indicates that most cases of
TD are caused by ingested infectious agents — mainly bac-
teria — that the gut of the traveler had not encountered
before and towards which mucosal immunity is lacking,
leading to colonization, inflammation and diarrhea. This
process is facilitated by gut flora modifications due to
alimentary changes during travel.

Taking these data into account, it is evident that the
higher the number of dietary errors, the higher the inci-
dence rate of TD in the travelers. The famous aphorism
‘boil it, cook it, peel it or forget it’ was then coined and
became one of the cornerstones of pre-travel advice ses-
sions all over the world as primary prevention of the di-
arrheal syndrome in the traveler.

What is really a dietary error? The number of precau-
tions that should be taken by travelers to avoid ingesting
enteropathogens is actually endless [for review, see 4].

e Drinkingtap water should be avoided unless boiled for
at least 3—5 min. Chlorination is a safe alternative to
boiling, but protozoan cysts are not destroyed. Ice
cubes made from tap water are also unsafe and should
be avoided. Once boiled to make tea or coffee, water-
derived beverages should be consumed when still pip-
ing hot to assure microbiological safety.

e Bottled beverages, especially if alcoholic and/or car-
bonated, are usually safe due to their lower pH.

e Raw or rare cooked food (fish, meat) and dietary prod-
ucts (creams, fresh cheese, milk and butter) may be an
important source of enteric infection and should be
avoided. On the contrary, well-cooked food and baked
food such as bread are usually considered safe.

e Fresh vegetables (often infected by sewage-contami-
nated irrigation) and fruits (possibly contaminated by
handling) should be avoided unless carefully washed
and peeled personally.

In conclusion, while this approach is theoretically cor-
rect, it has been challenged since its full achievement ap-
pears almost impossible in the general traveling popula-
tion. Already in 1986 a Swiss survey reported that as
many as 98% of travelers to East African destinations
committed at least one alimentary mistake during the first
3 days of stay abroad [5]. This is largely, but not solely,
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due to the fact that only a limited proportion of the gen-
eral traveling population usually has pre-travel contact
with a health professional, as recently pointed out by a
large airport KAP (Knowledge, Attitudes, and Practices)
survey carried out in nine major European airports by the
European Travel Health Advisory Board (ETHAB) [6].
The same survey showed that as many as 94.5% of the
2,695 respondents waiting to leave for high TD incidence
destinations were ready to adopt at least one alimentary
behavior at risk for TD [7].

These data confirm that TD prevention by the sole
means of health education would require that a substan-
tially higher proportion of travelers have access to pre-
travel health advice, provided a significant prevention is
to be achieved.

Vaccination

TD is a syndrome with multiple possible etiologies.
This fact makes the development of a preventive vaccine
difficult. Organisms that have been targeted for the de-
velopment of a vaccine include ETEC, Salmonella typhi,
Shigella and rotaviruses. ETEC, mostly heat-labile toxin
(LT)-producing strains, has been claimed to be respon-
sible of as many as 30-60% of all cases of TD [8]. LT-
ETEC toxin B-subunit is structurally related to cholera
toxin B-subunit, for which a vaccine exists (whole cell/re-
combinant B subunit vaccine — WC/rBS), raising the
hope that cross-protection could be achieved against
LT-ETEC. Phase III clinical trials have demonstrated
67% protection against LT-ETEC in a Bangladeshi popu-
lation [9] and 50% protection against ETEC in US stu-
dents traveling in Mexico [10], but the effect was short-
lived. Live-attenuated E. coli vaccine [11] as well as vac-
cine targeting various ETEC colonization factors are also
under early investigation [12]. Despite considerable ef-
fort and progress, however, adequate vaccine protection
against a//l TD microbiological causes is still difficult to
achieve.

Chemoprophylaxis

Being TD is mostly an infectious syndrome, it has been
suggested that chemoprophylaxis could decrease its inci-
dence rate in the international traveler. Since the 1980s,
several studies have demonstrated the preventive efficacy
of neomycin [13], doxycycline [14], trimethoprim-sulfa-
methoxazole (TMP-SMX)[15] and fluoroquinolones [16]
in reducing the incidence rate of TD in different parts of
the world. A recent investigation [17] performed on US
students traveling to Mexico did show a remarkable ef-
ficacy of the poorly absorbed antibiotic, rifaximin, thus
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Fig. 1. Probability of not experiencing diarrhea during the first
2 weeks in Mexico in participants taking 200 mg of rifaximin once,
twice, or three times daily (three groups combined) compared with
placebo (from DuPont et al. [17]).

confirming the effectiveness of ‘topical’ antimicrobials
[for review, see 18]. This drug provided 72% protection
against TD and all the drug regimens tested (i.e. 200 mg
once, twice or three times daily) were significantly better
than placebo (fig. 1). In addition, rifaximin was very well
tolerated, the rate of untoward reactions being compa-
rable to that of placebo. In the above study [17] the major
enteropathogens isolated from stool cultures were ETEC
and EAEC. To establish whether rifaximin will be able to
protect the traveler against invasive bacteria a specifi-
cally designed study has been planned in Asia, where
pathogens like Shigella, Salmonella and Campylobacter
species are important causes of diarrhea. In this connec-
tion, a clinical pharmacological study [19] did show that
this antibiotic proved to be capable of preventing diar-
rhea in healthy volunteers challenged with Shigella flex-
neri 2a.

The preventive efficacy of antidiarrheal chemopro-
phylaxis has ranged from 71 to 95% [for reviews, see 17,
18, 20] according to the area of destination and the anti-
biotic class used, being lower than 60% with TMP-SMX
combination and higher than 80% with fluoroquinolones
[21,22].
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Table 1. Candidates for chemoprophylaxis of TD

High-risk travelers
Immunosuppressed travelers, including HIV-infected subjects
Travelers with autoimmune disorders
Travelers with diabetes and/or chronic cardiac conditions
Travelers with impaired gastric acid secretion
Travelers with inflammatory bowel disease
Short-term critical trips
Diplomats
Athletes
Any other trip whose interruption is deemed highly
detrimental by the traveler

Despite their proved efficacy, the widespread use of
antimicrobials to prevent has several limitations:

Adverse Effects. Most antibiotics used to prevent diar-
rhea pose the traveler at risk for untoward effects. Doxy-
cycline may engender phototoxic reactions and, altering
microbic flora, may lead to vaginal candidiasis and diar-
rhea. In addition, this drug cannot be used in infancy and
pregnancy. The use of TMP-SMX has been associated to
rashes, mild to severe hypersensitivity reactions, bone
marrow depression and gastrointestinal adverse reac-
tions. Fluoroquinolones, even if generally well tolerated,
may cause rashes, gastrointestinal disturbances, tendon
lesions and central nervous system complaints. Their use
too is contraindicated in infancy and pregnancy. Azithro-
mycin is better tolerated than erythromycin but it can
occasionally lead to ear and liver disturbances regardless
of the dose. The poorly absorbed antibiotic rifaximin is
generally well tolerated. Although serious adverse effects
of any antibiotic occur in 0.01% of subjects, minor un-
toward effects present in 3% of drug recipients [21]. Since
TD is usually a self-limiting condition in the majority of
travelers, the benefit of prevention should always out-
weigh the risk connected with the drug treatment. As ri-
faximin is well tolerated at any dose level [23], its benefit-
risk ratio is very favorable.

Drug Resistance. The possible emergence of drug-re-
sistant enteropathogen strains is a very important issue
limiting the widespread use of antibiotic prophylaxis.
First, when it involves molecules included in the Country
Essential Drug List, as it is generally the case for doxycy-
cline and TMP-SMX, it further reduces the scarce thera-
peutic armamentarium of resources-limited countries.
Secondly, it makes diarrheal syndrome difficult to treat
with alternative drugs. Increasing resistance of ETEC to
tetracyclines and TMP-SMX has been reported almost
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everywhere in developing countries [3] and fluoroquino-
lone-resistant Campylobacter strains from South-East
Asia have been described frequently [24]. The available
data concerning rifaximin use in the short term show the
lack of emergence of drug-resistant Gram-positive and
Gram-negative organisms [25]. Provided these results are
confirmed in longer trials, this antibiotic could represent
the ideal drug for TD chemoprophylaxis.

Cost. A reliable cost-benefit analysis of the prophylac-
tic strategy against early treatment strategy is very diffi-
cult to perform since it is affected to a large extent by the
estimated cost of hospitalization and incapacitation that
are considered. Obviously, results may change over time
with the changing cost of antibiotics and the changing
pattern of resistance in a given area. When attempted, the
prophylactic option gave more favorable cost-benefit re-
sults than the treatment option [26].

Risk Behavior. Chemoprophylaxis reduces but does
not eliminate the risk of suffering from diarrheal syn-
dromes caused by resistant enteropathogens or of con-
tracting protozoan or viral diseases such as amebiasis or
viral hepatitis A or E. Some travelers receiving chemo-
prophylaxis may feel a false sense of safety and compla-
cently adopt a risky behavior leading to potentially severe
systemic diseases.

The complex of such issues has been analyzed by a
panel of experts during a Consensus Conference held at
the National Institutes of Health in 1985. The final con-
clusion of the Consensus [27] was that chemoprophylax-
is of TD should be discouraged unless specific conditions
posing the traveler at particular risk do occur (table 1).
The same conclusion was reached by a German-speaking
panel of experts [22].

Should a cheap, extremely safe and non-resistance-
prone antimicrobial be available (a very difficult task in-
deed), widespread TD chemoprophylaxis could become
reality. However, at the present time, the recommenda-
tions of the 1985 NIH Consensus Conference on Trav-
eler’s Diarrhea may still be considered valid. In case
antibiotic chemoprophylaxis is deemed advisable, non-
absorbed rifaximin might be considered the safest alter-
native to fluoroquinolones.

Other Preventive Approaches to Traveler’s Diarrhea

Various other preventive approaches to TD have been
considered. Among those, the use of probiotics and of
bismuth subsalicylate.

Probiotics. The use of probiotics as TD-preventive
agents has long been advocated on the basis of their abil-
ity of preventing enteropathogen colonization. However,
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Table 2. Composition of WHO/UNICEF and home-made oral rehydration solutions (modified from Scarpignato

and Rampal [18])

WHO/UNICEF oral rehydration solution

Home-made solution

Water 1 liter
Glucose (anhydrous) 20g
Sodium chloride 35¢g
Sodium bicarbonate or 25¢g
Trisodium citrate 29¢g
Potassium chloride 15¢g

Water 1 liter

Sucrose 5 spoons of ordinary sugar
Sodium chloride 1 coffee-spoon of ordinary salt
Potassium fruit juices

results of the available clinical trials are conflicting [28]
and modest benefit has been shown only by some — but
not all — trials using Lactobacillus GG [29] or Saccharo-
myces boulardii [30]. Probiotics are safe, but available
data are not robust enough at the present time to recom-
mend their use as the sole prophylactic agents of TD.

Bismuth Subsalicylate. The use of bismuth subsalicy-
late has been associated with about 65% reduction in the
incidence rate of TD [31]. Since it is virtually not ab-
sorbed when administered orally, its use is devoid from
adverse events. However, the need for frequent dosing (4
times daily), the possible appearance of tinnitus, the
blackening of the tongue caused by chewing the drug and
its relatively modest preventive efficacy do not facilitate
compliance [18].

Treatment

While chemoprophylaxis is not universally accepted,
consensus exists on the need for early treatment of TD to
shorten its duration, limit discomfort and confinement to
bed and prevent its potentially severe consequences [32].
Oral rehydration, symptomatic therapy and antimicro-
bial therapy represent the cornerstones of treatment of
infectious diarrhea.

Oral Rehydration Therapy

Although TD is seldom a dehydrating syndrome, re-
hydration is always suggested to restore hydric and elec-
trolytic balance and to prevent possible complications,
especially in those patients with underlying diseases, in
young children and in the elderly. In this connection the
large ETHAB survey has pointed out that as many as
8.8% of travelers are over 60 years of age. This proportion
was even higher in the subset of travelers from specific
countries (e.g. 22.3% in European travelers from Stock-
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holm) [6]. Early refeeding is also advocated, especially if
antidiarrheal treatment limits the duration of the syn-
drome to 1-2 days.

Oral rehydration solutions are best prepared with op-
timal concentrations of glucose, which facilitate the ab-
sorption of sodium and water, and of bicarbonates to cor-
rect diarrheal-related acidosis. Table 2 provides the com-
position of the WHO/UNICEF formula used to rehydrate
young children with diarrheal diseases in developing
countries and of a possible ‘home-made solution’ that can
be used in the outpatient treatment of TD [18].

Despite the consensus on the need for rehydration dur-
ing diarrheal illnesses, a surprisingly low proportion of
travelers (as low as <5% of Finnish travelers with diar-
rhea!) do in reality increase the amount of liquid intake
while suffering from TD, underlying the need of a better
health education [33].

Symptomatic Therapy

The two most studied agents used to alleviate symp-
toms of diarrhea are bismuth subsalicylate preparation
and loperamide [18]. Both decrease the number of un-
formed stools, but loperamide acts more rapidly by exert-
ing an antimotility action. Loperamide should be avoided
in young children, due to the reported risk of intussuscep-
tion, and when invasive enteropathogens are suspected
because of the risk of their prolonged retention. However,
when concomitant antibiotic treatment is administered,
this fear was not confirmed [34] while a significant ben-
efit in the treatment of Shigella infection compared to
antibiotic treatment alone was reported [35].

Other ‘purely antisecretory’ agents for treatment of
TD include zaldaride maleate (a potent and selective
calmodulin inhibitor) [36] and racecadotril (an enkepha-
linase inhibitor) [37]. Both these compounds are devoid
of any effect on gastrointestinal motility and their use is
not followed by treatment-related rebound constipation.
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Antimicrobial Treatment

Being an infectious disease, antimicrobial therapy rep-
resents the ‘logical’ treatment of TD. The high success
rate of the empirical (i.e. without susceptibility testing)
antimicrobial treatment further confirms the infectious
etiology of TD. Although rational, antibiotic use in the
treatment of TD should always take into consideration
the following issues:

e Uncomplicated watery TD is usually a self-limiting
disease in the healthy traveler and symptomatic agents
may easily control symptoms.

e TD is a syndrome and no specific microbial isolation
is usually available when therapeutical decision is to
be taken, making susceptibility-driven choice of anti-
biotic practically unfeasible.

e The use of systemic antibiotics may be associated with
untoward effects.

e Taking into account the epidemiology and drug sus-
ceptibility of those bacteria usually involved as the
causative agents of TD, the following antimicrobial
agents have been adopted for its treatment:

Trimethoprim-Sulfamethoxazole

Historically, TMP-SMX was the first antimicrobial
agent used to treat diarrhea in the traveler with prelimi-
nary excellent results [38]. However, resistant ETEC
strains soon became prevalent in most developing coun-
tries [39] and C. jejuni — generally non-susceptible to the
drug [40] — was recognized as the cause of a significant
proportion of TD. These findings, together with the sig-
nificant incidence of untoward effects, has led to a gen-
eral dismissal of the drug as first-line treatment of diar-
rhea in the traveler apart from central Mexico where it
retained a satisfactory degree of activity against E. coli
until recently [41].

Doxycycline

The drug was successfully used during the 1970s and
1980s before significant E. coli resistance to the drug be-
came the rule [42]. This fact, together with the possible
occurrence of untoward effects (candidiasis, intestinal
dismicrobism, skin sun reactions) has relegated this drug
to a second choice treatment [43].

Fluoroquinolones

After their introduction in the clinical practice, fluo-
roquinolones soon became the first-line drug for the treat-
ment of TD due to their excellent efficacy against entero-
pathogens and their favorable safety profile. Their phar-
macokinetic properties allow peak tissue levels to be
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reached quickly. Ciprofloxacin has been extensively stud-
ied as a therapeutic agent of TD and has proved effective
even in single dose in particular conditions (young male
otherwise healthy soldiers) [44]. However, virtually any
member of the family (norfloxacin, ofloxacin, levofloxa-
cin, gatifloxacin, lomefloxacin, moxifloxacin) has been
satisfactorily used to treat diarrheal syndromes [for re-
view, see 43]. Fluoroquinolones are usually well tolerated,
but occasionally untoward effects occur (rashes, gastroin-
testinal disturbances, tendon lesions and central nervous
system complaints) and they should not be used in child-
hood and pregnancy. Furthermore, Campylobacter iso-
lates, especially from South-East Asia, increasingly show
a reduced susceptibility to fluoroquinolones [45, 46].

Azithromycin

This macrolide antibiotic exerted similar efficacy
when compared to levofloxacin for the treatment of acute
TD in Mexico [47]. It has recently been considered as
possible first-line antidiarrheal drug in those areas where
fluoroquinolone-resistant strains of C. jejuni have been
increasingly reported, such as Thailand and other South-
East Asian countries [24]. Its gastrointestinal untoward
effects are milder than those exerted by erythromycin, but
hearing and liver disturbances occasionally do occur.

Rifaximin and Other Poorly Absorbed Antibiotics

Lack of absorption was once considered to weigh
against the predicted efficacy of an antibiotic in the treat-
ment of bacterial diarrhea. Haltalin et al. [48] many years
ago compared the efficacy of ampicillin with a non-ab-
sorbable aminoglycoside in the treatment of shigellosis.
When the patients in the aminoglycoside arm failed to
respond as those treated with ampicillin, the authors con-
cluded that only an absorbable drug should be used in the
treatment of bacterial diarrhea. It was later realized that
poorly absorbed antimicrobials could be of value in the
treatment of enteric infections. Indeed, early trials assess-
ing the efficacy and safety profile of bicozamycin and az-
treonam were promising [49, 50], but those drugs did not
undergo further development. Recently a rifamycin de-
rivative, rifaximin, has shown comparable effectiveness
as fluoroquinolones in uncomplicated infectious diarrhea
[reviewed in 23, 51-54] and has been approved for the
treatment of TD by the US Food and Drug Administra-
tion (FDA).

Rifaximin is virtually non-absorbed (<0.4%) when ad-
ministered orally and has a wide antimicrobial spectrum
against most enteropathogens, even if activity against
Gram-negative bacteria is somehow lower than against
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Table 3. Clinical studies assessing rifaximin efficacy in the treatment of TD (modified from Al-Abri et al. [51])

Reference  Type of study Pa- Destination Origin of Duration Intervention: Median p
tients travellers of treat- rifaximin vs. comparator time to last

ment unformed

days stool, h
DuPont  Randomized, double-blind 72  Mexico USA 5 Rifaximin 35 0.001
et al. [60] Cotrimoxazole 47
DuPont  Randomized, double-blind 187 Mexico, Jamaica USA 3 Rifaximin 25.7 0.199
et al. [61] Ciprofloxacin 25
Steffen Randomized, double-blind 380 Mexico, Inter- 3 Rifaximin 200 mg 3 x daily 32.5 0.0001
et al. [62] Guatemala, Kenya national Rifaximin 400 mg 3 x daily 32.9

Placebo 60.0

Infante Randomized, placebo- 380 Mekxico, Inter- 3 Rifaximin 200 mg 3 x daily 22 0.003
etal. [63] controlled (effect on EAEC) Guatemala, Kenya national Placebo 72
Gram-positive ones [reviewed in 55-57]. On the con-
trary, its activity against C. jejuni is rather low [58]. How- 75 | Erdi
ever, it should be pointed out that stool concentrations of 5 . sl s

the drug are 250-500 times higher than the MICy, values
[59] which makes in vitro differences of activity against
the various pathogens meaningless from a clinical stand-
point.

Rifaximin compared favorably with TMP-SMX in the
treatment of TD in Mexico [60] and was as effective as
ciprofloxacin when tested in a randomized, double-blind
clinical trial in Jamaica and Mexico [61] (fig. 2), with lim-
ited adverse events. When a double-blind, placebo-con-
trolled study of rifaximin 600 or 1,200 mg/day was car-
ried out in various countries (Kenya, Guatemala, Mexi-
co), rifaximin proved effective at the dose of 600 mg/day
or higher without relevant untoward effects [62]. A recent
study [63] confirmed rifaximin effectiveness in treatment
of diarrhea in travelers to Mexico and Kenya and showed
that the antibiotic shortened the duration of the illness
also in patients with EAEC diarrhea. A synopsis of the
available studies with rifaximin in the treatment of TD
is shown in table 3.

Concerns have been raised about the possible induc-
tion of drug resistance following the use of the rifamycin
derivative, rifaximin. According to recent data, however,
rifaximin differs from related rifampicin in this respect
and has a low potential for inducing resistance in Gram-
negative and Gram-positive intestinal flora during ther-
apy [25, 56, 57]. Since rifaximin does not affect the activ-
ity of CYP,s, isoenzymes [57, 64, 65], the potential of
drug-to-drug interaction is virtually absent. Therefore,
the pharmacokinetic and pharmacodynamic of concomi-
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Mean number of unformed stools

>48-72 h

0-24 h >24-48 h >72-96 h >96-120 h

Fig. 2. Mean number of unformed stools passed per day of study
by subjects with TD taking rifaximin (400 mg twice daily) or cip-
rofloxain (500 mg twice daily). The mean values for the two treat-
ment groups were comparable for each day of the study (from Du-
Pont et al. [61]).

tant drugs (e.g. antimalarials) will not be affected by the
administration of this antibiotic.

Being effective and safe, rifaximin can then be consid-
ered an alternative first-line drug to treat uncomplicated
TD. This therapeutic strategy would leave fluoroquino-
lones and/or azithromycin — whose restricted use will lim-
it the development of resistance — for those cases, where
the clinical picture suggests the presence of invasive
pathogens.
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Table 4. Recommended antimicrobial
regimens to treat TD (modified from Vila

Dose Remarks

et al. [42
[42]) Fluoroquinolones

Ciprofloxacin
Norfloxacin
Ofloxacin
Levofloxacin
Gatifloxacin
Lomefloxacin
Moxifloxacin

500 mg p.o. b.i.d. x 1-3 days
400 mg p.o. b.i.d. x 1-3 days
400 mg p.o. b.i.d. x 1-3 days
500 mg p.o. q.d. x 1-3 days
400 mg p.o. gq.d. x 1-3 days
400 mg p.o. q.d. x 1-3 days
400 mg p.o. q.d. x 1-3 days

Macrolides
Azithromycin

Consider first-line for coun-
tries with quinolone-resistant
Campylobacter (e.g. Thailand)

500 mg p.o. b.i.d. x 3 days

Rifamycin derivatives
Rifaximin

400 mg p.o. b.i.d. x 3 days

Table 5. Guidelines for treatment of TD (from Ericsson [3])

Clinical symptoms

Recommended therapy

Comments

Mild diarrhea (1-2 stools/24 h)

with mild or absent symptoms nothing

Bismuth subsalicylate or Attapulgite or

Long-term travelers should consider not
treating mild diarrhea with an antibiotic
to build some immunity

Mild to moderate classic diarrhea
(=3 stools/24 h)
with no distressing symptoms

Loperamide or bismuth subsalicylate

Business travelers or others on a short,
critical trip might consider addition of an
antibiotic

Diarrhea with distressing frequency or
symptoms

Loperamide plus fluoroquinolone?, or
azithromycin or rifaximin

Reassess symptoms after 24 h; single dose
antibiotic usually suffices

Severe diarrhea or diarrhea with fever or
passage of bloody stools

Fluoroquinolone?, azithromycin, or
rifaximin, with or without loperamide

Take full 3 days of antibiotic. Loperamide
can be added for severe cramps or fluid
losses. Its use in dysentery is controversial

4 Azithromycin or rifaximin preferred in South-East Asia where fluoroquinolone-resistant organisms are common.

Guidelines for Treatment of Traveler’s Diarrhea

Early treatment of TD, including adequate intake of
fluids, offers today the best option to limit discomfort and
prevent potentially severe complications, limiting che-
moprophylaxis to selected cases of at-risk travelers.

Mild diarrheal cases without intestinal symptoms may
well be exclusively treated with rehydration and/or bis-
muth subsalicylate, where available. When antibiotic
therapy (table 4) is considered, poorly absorbed antibiot-
ics, such as rifaximin, may be considered a valid alterna-
tive to systemic antimicrobials to treat uncomplicated
cases, reserving fluoroquinolones and/or azithromycin to

116 Digestion 2006;73(suppl 1):109-118

more severe cases or when invasive pathogens are sus-
pected (table 5), where the use of systemic drugs is man-
datory. This approach will preserve fluoroquinolones and
azithromycin from developing drug resistance also for
their other extraintestinal use (e.g. respiratory tract infec-
tions). Loperamide or other antimotility agents usual-
ly provide symptom relief and may be safely adopted in
the healthy adult if no signs or symptoms of dysentery
are present. Loperamide, however, should be avoided in
young children.
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Conclusions

TD, an infectious intestinal syndrome, is and will
probably continue to be the most frequent health com-
plaint of the traveling population in the future. If dietary
restrictions are probably critical to prevent the ingestion
of enteropathogens, their adoption in reality is far from
being optimal. Pharmacodynamic and safety consider-
ations limit chemoprophylaxis to selected categories of
travelers and early treatment is presently considered the
best option to limit discomfort and prevent complica-

tions. If treatment of mild diarrheal cases without intes-
tinal symptoms may be limited to rehydration and/or
symptomatic agents, antibiotics are effective in reducing
severity and duration of symptoms in more severe cases.
When antibiotic therapy is considered worthwhile, poor-
ly absorbed antibiotics, such as rifaximin, should be pre-
ferred to treat uncomplicated cases, leaving systemic an-
tibiotics (i.e., fluoroquinolones and/or azithromycin) for
use in more severe cases or when invasive pathogens are
suspected.
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The first ‘official’ H. pylori treatment was serendipi-
tously performed by Barry Marshall [3]in 1983. A patient
included in a trial comparing the anti-ulcer effect of bis-
muth salts and cimetidine developed a periodontal dis-
ease while receiving bismuth and received a 5-day met-
ronidazole treatment. H. pylori was not found in the sub-
sequent control endoscopy. Marshall later used this
combination in many patients, including himself. The
first reliable therapy was triple therapy combining bis-
muth, tetracycline and metronidazole which was very ef-
fective, though it had a complicated schedule and fre-
quent side effects [4]. Dual therapies combining omepra-
zole and amoxicillin or clarithromycin had a short burst
of popularity due to their simplicity and tolerability, but
because of their lack of efficacy they were soon abandoned
[5]. In 1993, Bell et al. [6] first reported the high efficacy
of a triple therapy combining a proton-pump inhibitor
(PPI), amoxicillin and metronidazole. Shortly afterwards,
Franco Bazzoli [7, 8] described a triple therapy combin-
ing a PPI, clarithromycin and metronidazole. The ‘Ital-
ian’ triple therapy was rapidly followed by the ‘French’
triple therapy which replaced metronidazole with amox-
icillin. Triple therapy combined simplicity, tolerability
and efficacy and was quickly accepted as a standard after
many large multicentre trials had demonstrated cure
rates of around 90% [9-11].

H. pylori Treatment: Current Status and
Guidelines

After multiple studies a series of meta-analyses dem-
onstrated that triple therapy works better if the proton
pump is used twice a day [12], and when full doses of
clarithromycin are administered [13]. All different PPIs
seem to obtain similar results [14]. The ideal duration of
treatment is still under discussion. All agree that it should
not be less than 7 days [15], but the relative merits of 7-
and 10-day regimens are still debated (see below).

In 2000, Wink de Boer and Guido Tytgat [16] pub-
lished an influential review in British Medical Journal
illustrating the concept of treatment strategy. The con-
cept is simple: as there is no single 100% effective ther-
apy, the approach for treating H. pylori infection should
include two consecutive treatments. These treatments
should ensure that resistances after initial failure do not
interfere with rescue therapy. The initial recommenda-
tion was to use a clarithromycin-based regimen as first-
line and a metronidazole-based second-line treatment.
Importantly, combining clarithromycin and metroni-
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dazole was discouraged because no valid rescue regi-
men was available if this particular combination
failed.

Many of the current H. pyloritreatment guidelines im-
plicitly or explicitly incorporate both these data and the
concept of therapeutic strategy [17, 18]. With small dis-
crepancies, first-line and second-line treatments coincide
with those shown in figure 1. Reported cure rates for this
combination have approached 100% in many series
(fig. 2) [18].

H. pylori Treatment: Facing New Challenges
and Scenarios

Changes in Antibiotic Resistances

Triple therapy efficacy is highly sensitive to antibiotic
resistance. In vitro amoxicillin resistance is exceptional
in H. pylori strains. However, clarithromycin resistance
is frequent and has a strong impact on the efficacy of treat-
ment. Cure rates with triple therapy fall to 20% in the
presence of clarithromycin resistance [19]. It has been
estimated that increases in the prevalence of clarithromy-
cin resistance of over 20% will decrease triple therapy ef-
ficacy to unacceptably low levels, whatever the length of
the treatment (fig. 3). Resistance to macrolides initially
seemed to steadily increase but, fortunately, current re-
ports suggest that the prevalence of resistant strains has
stabilized at around 10% in recent years [20-22].

Broadening Eradication Indications

Until recently, the only uncontested indications for
eradication were peptic ulcer and MALT lymphoma.
However, many recent trials have shown that a ‘test for
H. pylori and treat’ strategy is useful and safe for patients
with uninvestigated dyspepsia [23-25] and that 5-10%
of patients with functional dyspepsia benefit from eradi-
cation [26]. In addition, the clinical and biochemical link
between H. pylori and stomach cancer has been firmly
established and some preliminary data suggest that early
cure of H. pylori infection may prevent gastric cancer de-
velopment [27]. Many authors have therefore advocated
beginning stomach cancer prevention programs by de-
tecting and treating H. pylori infection in high-risk popu-
lations [28, 29]. This is important, as it means that many
non-ulcer patients will receive eradication treatment. It
is known that triple therapy is less effective in patients
without ulcer disease [30, 31], especially for short triple
therapies. In one recent study, cure rates with 7-day ther-
apies were noticeably higher in patients with ulcer than
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Fig. 1. Current recommended treatment strategy for H. pylori in-
fection. PPI = Proton-pump inhibitor (adapted from Gisbert et al.
[18]).

Fig. 2. Published efficacy of the strategy combining triple first-line
with quadruple rescue therapy (from Gisbert et al. [18]).
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Fig. 3. Estimated effect of clarithromycin resistance on the efficacy
of triple therapy. When the resistance rate rises above 20%, triple
therapy achieves poor results regardless of treatment duration.
Each curve refers to a given level of resistance.

in those without. In contrast, cure rates for 10-day thera-
pies were very similar regardless of the underlying disease
(fig. 4) [32].

Multi-Treated, Multi-Resistant Patients

Patients who have failed many treatments are increas-
ingly seen in specialized gastroenterology clinics. They
tend to harbour strains resistant to major antibiotics such
as clarithromycin and metronidazole. Although compar-

H. pylori Infection: Treatment Options

Fig. 4. Efficacy of 7- and 10-day triple therapies in patients with
and without ulcer. Patients without ulcer showed markedly lower
cure rates with 7-day therapy. ITT = Intention-to-treat analysis;
PP = per protocol analysis (from Calvet et al. [32]).

ative studies are scarce, devising adequate empirical
treatment [33] has obtained similar or better results than
the currently recommended strategy of using culture-
driven rescue therapies [34, 35]. As secondary resistances
are frequent and major antibiotics cannot be used, treat-
ment of these patients requires new antimicrobials and
atypical antibiotic combinations, and represents a chal-
lenge for the clinician.
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Table 1. Comparison of triple and quadruple therapy as first-line treatment for H. pylori eradication (from Mant-

zaris et al. 45])

Study Triple n/N Quadruple OR (95% CI random) OR (95% CI
n/N random)
Calvet 132/171 130/166 ——
Gomollon 40/40 33/48 —a—
Katelaris 104/134 110/134 —&
Laine 114/137 121/138 ——
Mantzaris 61/78 46/71 —a—
Total (95% CI) 451/569 449/559 ‘ 1.00 [0.64, 1.57]
Test for heterogeneity x> = 8.75, d.f. = 4, p = 0.068
Test for overall effect z=0.02, p=1
I I I I

0.1 0.2 1 5 10

Favours quadruple Favours triple

H. pylori Treatment: Recent Developments

In addition to the different responses according to the
underlying disease, there are geographical variations in
the response to eradication treatment. These variations
have been attributed to differences in the prevalence of
antibiotic resistances and to genetic differences in the me-
tabolism of PPIs [36]. However, to confront the new chal-
lenges of the expanding indications for eradication, a
therapy with proven efficacy in all patients and settings
is necessary. A striking finding in recent studies is that
cure rates did not reach 80% even for 10-day triple thera-
pies [37]. This does not seem to be a local trend. In a re-
cent US study, Vakil et al. [37] observed cure rates of 77%
for rabeprazole 10-day therapy and 73% for omeprazole
10-day triple therapy. In another recent multicentre
study, eradication rates of 77% were achieved with a
combination of esomeprazole 40 mg q.d., clarithromycin
500 mg b.d., and amoxicillin 1,000 mg b.d. administered
for 10 days [38]. In three multicentre US trials with
omeprazole 20 mg b.d. combined with amoxicillin
1,000 mg b.d. and clarithromycin 500 mg b.d. adminis-
tered for 10 days in patients with duodenal ulcer, eradica-
tion rates ranged from 69 to 83%, with a combined erad-
ication rate of 75% [39]. Many patients, therefore, will
require second-line treatment with further testing and
control visits. Although most compliant patients are
cured by the second-line treatment [ 18], patients often do
not complete the full course of therapy. In consequence,
final cure rates of the whole strategy are often under 90%
[40]. These data convincingly show that even using 10-
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day schedules, triple therapy achieves insufficient cure
rates and that a more effective alternative must be sought.
Three new alternatives deserve to be highlighted: the use
of a quadruple therapy as first-line treatment, the addi-
tion of adjuvant compounds (mainly lactoferrin) to triple
therapy, and a new 10-day sequential therapy.

Quadruple Therapy as First-Line Treatment

Quadruple therapy efficacy is not affected by resistance
to clarithromycin and, if given at high metronidazole dos-
es and for 7 days or more, is able to overcome in vitro
resistance to metronidazole. In addition, it was very effec-
tive as rescue treatment [18] and as first-line therapy in
pilot studies [41]. Recently, five randomized trials com-
paring triple versus quadruple therapy as first-line treat-
ment for H. pylori have been published [42-46]. The re-
sults have been summarized in a meta-analysis showing
that the efficacy of the two approaches is similar (table 1)
[47, 48]. It has also been shown that the strategy of using
quadruple therapy as a first-line treatment and triple as
rescue therapy is as effective as the combining of triple as
first-line with quadruple for rescue. In addition, quadru-
ple-first strategy was slightly less expensive and, in conse-
quence, more cost-effective [40]. The minor differences
between therapies probably did not justify a generalized
recommendation to shift first-line therapy from triple to
quadruple. Quadruple therapy could, however, be useful
in areas where the results of triple therapy are poor. In
view of the evidence, the recent update of the Canadian
guidelines for H. pyloritreatment includes quadruple ther-
apy as an alternative for first-line treatment [49].

Calvet



[ 7-day triple + lactoferrin [ 10-day triple

[ 7-day triple

100

% cure rate

Intention-to-treat

Per protocol

[ Sequential therapy [ 7-day triple

% cure rate

Intention-to-treat

Per protocol

Fig. 5. Cure rates for first-line triple therapy with and without ad-
juvant lactoferrin (from Di Mario et al. [54]).

Using Adjuvant Agents: Triple Therapy plus

Lactoferrin

Lactoferrin, a milk protein that binds iron, has been
shown to be effective against H. pylori in vitro, inhibiting
H. pylori growth in culture and reducing both H. pylori
intragastric density and adhesiveness to epithelial cells
[50-52]. Although lactoferrin alone was ineffective for
H. pylori treatment [53], its addition as adjuvant treat-
ment to triple therapy has obtained excellent results.
Thus, in a recent controlled trial, Di Mario et al. [54] ob-
served that adding lactoferrin 200 mg twice a day to 7-day
triple therapy combining a PPI, clarithromycin and tini-
dazole cure rates increased from 70 to 95% (fig. 5). It is
worth mentioning however that when lactoferrin was
added to a standard 7-day regimen combining esomepra-
zole (20 mg) with clarithromycin (500 mg) and amoxicil-
lin (1 g), all twice daily, no increase of eradication rate
over the triple therapy alone has been observed [55].
These disappointing results were of course surprising but
the reasons for the discrepancy between this and the pre-
vious Italian studies [54, 56] are not clear. Since a differ-
ence in the prevalence of primary bacterial resistance to
clarithromycin could be reasonably ruled out, other
causes must be sought. A possibility is that lactoferrin and
tinidazole may exert a synergistic effect against H. pylori,
while lactoferrin and amoxicillin do not. Such a hypoth-
esis is supported by the observation that when lactoferrin
is administered as monotherapy in the week before clar-
ithromycin-tinidazole combination, it does not give any

H. pylori Infection: Treatment Options

Fig. 6. Comparative efficacy of 7-day triple therapy and sequential
therapy for H. pylori eradication (from Zullo et al. [62]).

additive therapeutic effect [ 54] Since lactoferrin can bind
and disrupt some bacterial cell membranes [57], another
possible explanation is that the antibacterial effect of lac-
toferrin, based on bacterial membrane damage of Gram-
negative bacteria, could be marginalised when amoxicil-
lin is simultaneously administered. Indeed, amoxicillin
too mainly acts interfering with microbial membrane
structure. On the contrary, such an effect of lactoferrin
could be useful when tinidazole is administered, a differ-
ent mechanism being exploited by such antimicrobial.
Whatever the reason, further studies are needed before
recommending lactoferrin as add-on medication to erad-
ication regimens in clinical practice.

Sequential Therapy

Among the new promising alternatives to triple thera-
py, a 10-day sequential therapy combining a 5-day course
of PPI with amoxicillin immediately followed by a second
course of clarithromycin, metronidazole and a PPI for 5
additional days was recently described [58-62]. This
treatment seems to be equally effective in patients with
ulcer and in those without and achieves excellent cure
rates even in patients with clarithromycin resistance [58-
60]. Interestingly, it is the first alternative therapy that
has proved superior to triple therapy in a large random-
ized trial. Zullo et al. [62] included more than 1,000 pa-
tients in a study comparing 7-day triple therapy with this
new schedule. Cure rates were 92% for the sequential
treatment and 74% for triple therapy (p < 0.0001, fig. 6).
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Table 2. Published studies evaluating new

quinolone-based eradication treatments Author Indication Days  Schedule Cure rate, %

Cammarota [63] First-line 7 Rabeprazole 20 mg/24 h 90/92
Levofloxacin 500 mg/24 h
Amoxicillin 1 g/12 h or

Tinidazole 500 mg/12 h

Di Caro [64] First-line 7 Lansoprazole 30 mg/24 h 90
Moxifloxacin 400 mg/24 h
Clarithromycin 500 mg/12 h

Di Caro [65] First-line 7 Rabeprazole 20 mg/24 h 90

Levofloxacin 500 mg/24 h
Amoxicillin 1 g/12 h

Wong [66] Second-line 7 Rabeprazole 20 mg/24 h 91
Rifabutin 300 mg/24 h
Levofloxacin 500 mg/24 h

Zullo [67] Third-line 10 Rabeprazole 20 mg/12 h 83
Levofloxacin 250 mg/12 h
Amoxicillin 1 g/12 h

Nista [68] Second-line 10 Rabeprazole 20 mg/12 h 94/90
Levofloxacin 500 mg/24 h
Amoxicillin 1 g/12 h or
Tinidazole 500 mg/12 h

Perri [69] Second-line 7 Pantoprazole 40 mg/12 h 85
Amoxicillin 1 g/12 h
Levofloxacin 500/24 h

Watanabe [70] Second-line 7 Lansoprazole 30 mg/12 h 70
Amoxicillin 1 g/12 h
Levofloxacin 200 mg/12 h

Cammarota [71]  First-line 7 Rabeprazole 20 mg/24 h 84/94
Levofloxacin 500 mg/24 h
Clarithromycin 250 mg/12 h or
Clarithromycin 500 mg/12 h

Bilardi [72] Second-and 10 Pantoprazole 40 mg/12 h 70
third-line Amoxicillin 1 g/12 h
Levofloxacin 250 mg/12 h
Sharara [73] First-line 7 Rabeprazole 40 mg/24 h 92

Gatifloxacin 400 mg/24 h
Amoxicillin 1 g/24 h

Iacopini [74] First-line 7 Esomeprazole 20 mg/24 h 70
Levofloxacin 500 mg/24 h
Azithromycin 500 mg/ 24 h

Gatta [75] Third-line 10 Proton-pump inhibitor/12h 85
Levofloxacin 250 mg/12 h
Amoxicillin 1 g/12 h

Nista [76] First-line 7 Esomeprazole 20 mg/12 h 89-92
Moxifloxacin 400 mg/24 h
Clarithromycin 500 mg/12 h or
Tinidazole 500 mg/12 h
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A possible disadvantage of this schedule is that it com-
bines clarithromycin and metronidazole, thus complicat-
ing the search for a rescue therapy. This fact, however,
may no longer represent a problem, as new rescue com-
binations using quinolones or rifamycin derivatives are
now available and ready for use. Currently, there is
enough evidence to suggest that these new combinations
are reliable for rescue therapy (see below).

New Drugs for Rescue (and Possibly First-Line)

Therapy

The therapeutic arsenal for H. pylori infection has been
very limited until recently. In addition to antibacterial bis-
muth compounds, four antibiotics have been the mile-
stones of treatment: clarithromycin, tetracycline, metro-
nidazole and amoxicillin. Furazolidone, a drug that has
proved very effective, is not available in many Western
countries. In recent years, the shortage of drugs has de-
creased somewhat with the incorporation of new antibi-
otic families. The two most interesting groups are the new-
ly developed quinolones and the rifamycin derivates.

New Quinolones: Levofloxacin and Moxifloxacin

Levofloxacin and moxifloxacin have been tested both
in vivo and in vitro for H. pylori treatment. In general,
both in vitro sensitivities and in vivo effectiveness seem
equal to or slightly better than clarithromycin. These qui-
nolones have often been used in triple therapy, combined
with metronidazole, clarithromycin or amoxicillin. Cure
rates range from 70 to 94% for first-line cure rates and
from 70 to 94% for rescue therapies (table 2) [63-76].
Neither the ideal dosages nor the ideal drug combination
have yet been defined for the new quinolone treatments.
It seems, however, that a 10-day triple therapy combining
a PPI, amoxicillin and a new quinolone all twice a day is
a reasonable approach.

Rifamycin Derivatives

Rifamycin derivates and specially rifabutin and the
non-absorbable antibiotic rifaximin are highly effective
against H. pylori in vitro [77]. Both drugs have been used
as components of eradication regimens [77]. Rifabutin is
currently employed as a salvage treatment for multi-re-
sistant mycobacterial infections. It is an expensive anti-
biotic and carries a minimal risk of severe haematological
adverse effects. For all these reasons it has been reserved
for rescue therapy. It has been used at full doses (150 mg
twice daily), mainly in triple therapy, usually associated
with amoxicillin and a PPI, for 10-14 days. Even in the
setting of patients who have failed multiple eradication

H. pylori Infection: Treatment Options

attempts, cure rates are notably high, ranging from 70 to
85% [78-81].

Future Needs and Perspectives

The search for a 100% effective treatment for curing
H. pyloriinfection is still underway and several very prom-
ising new alternatives are being developed. Either triple
therapy with adjuvant lactoferrin or sequential therapy
could become the new standard. However, a great deal of
work remains to be done in order to define the best drugs
and the ideal dosage and duration for these new alterna-
tives. If first-line therapies change, the whole therapeutic
strategy must be redesigned. New quinolones and rifamy-
cin derivates have been incorporated to the reduced list
of effective drugs for treating H. pylori infection and are
gaining acceptance as a first-line or second-line therapies.
Despite all these improvements, however, increasingly ef-
fective anti-H. pylori agents are still needed.
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Since Warren and Marshall [1] first described the in-
fectious etiology of peptic ulcer disease in 1984, a great
deal of evidence has accumulated to suggest that H. py-
lori eradication therapy cures peptic ulcer disease [2] and
can be beneficial also to other H. pylori-related diseases
[3]. Having been classified as a definite ‘type I carcinogen’
[4], this Gram-negative, microaerophile bacterium needs
to be eradicated from the host at any time [5, 6] since this
can prevent the development of dyspeptic symptoms and
peptic ulcer disease in healthy asymptomatic subjects [7]
and that of gastric cancer in dyspeptic patients [8].

The mechanisms whereby H. pylori may cause gastro-
duodenal disease and contribute to gastric carcinogenesis
are still hypothetical [9-12]. However, the production of
specific virulence factors by the bacterium, the inflamma-
tory response of the host, and the association with envi-
ronmental factors may all play a contributory role [9, 12,
19]. Gastric cancer develops through a stepwise progres-
sion from active gastritis, to atrophy and intestinal meta-
plasia, dysplasia and adenocarcinoma. This ‘neoplastic
cascade’ was actually described before the discovery of H.
pylori and, following its discovery, the microorganism
was recognized as one of the key factors in driving the
cascade [13].

H. pylori is a spiral-shaped bacterium that quickly
adapts to a changing environment. The survival capa-
bilities of this organism within the stomach make it there-
fore difficult to eradicate. The organism is able to survive
over a wide pH range. It is found within the gastric mucus
layer, deep within the mucus-secreting glands of the an-
trum, attached to cells, and even within cells [14]. The
organism must be eradicated from each of these potential
niches and this is a daunting task for any single antibi-
otic. Initial attempts to cure the infection showed that the
presence of antibiotic susceptibility in vitro did not nec-
essarily correlate with successful treatment. It was rap-
1dly recognized that therapy with a single antibiotic led
to a poor cure rate and various antimicrobial mixtures
were tried resulting in several effective combinations of
antibiotics, bismuth, and antisecretory drugs [15].

Therapy of Helicobacter pylori Infection

The management of H. pylori infection involves a
three-step approach: diagnosis, treatment, and confirma-
tion of successful eradication. The availability of accurate
and non-invasive tests, such as the urea breath test (UBT)
[16-18] or stool antigen test [16, 19, 20], has rendered
confirmation of cure practical and reliable. Eradication is
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defined as the presence of negative tests for H. pylori 4
weeks or longer after the end of antimicrobial therapy.
Clearance or suppression of H. pylori may occur during
therapy, and failure to detect H. pylori on tests done with-
in 4 weeks of the end of therapy may give false-negative
results. The latter is because clearance or suppression is
swiftly followed by recurrence of the original infection.

The location of H. pylori within the stomach (e.g., the
mucus lining the surface epithelium or the surface of mu-
cous cells) represents a challenge for antimicrobial thera-
py. Furthermore, the gastric lumen is a hostile environ-
ment for antimicrobials because the drugs must penetrate
thick mucus and may need to be active at low pH values
[14]. Successful therapy requires a combination of drugs
that prevent the emergence of resistance and reach the
bacteria within its various niches. An effective treatment
must ensure that even a small population of bacteria does
not remain viable.

Treatment regimens for H. pylori infection have been
evolving since the early 1990s, when monotherapy was
first recommended. Antimicrobial therapy for this infec-
tion is a complex issue, and the results from new combi-
nation treatments are often unpredictable. Errors that
should be avoided include quick adoption of regimens
tested only in small populations and substitution of a giv-
en well-studied, effective medication with another of the
same class. Also, it is important to validate the success
rate of a treatment regimen in each Country, and perhaps
even in the specific region of each country, where its use
is intended [21].

Several European guidelines [for reviews, see 15, 21—
24] suggest the use of a 7-day triple therapy, comprising a
proton pump inhibitor (or ranitidine bismuth citrate),
clarithromycin and amoxicillin or metronidazole, as first-
line therapy, whilst a 7-day quadruple therapy (proton
pump inhibitor, bismuth salts, tetracycline, and metroni-
dazole) is indicated for eradication failure patients. How-
ever, increasing evidence suggests that the success rate
following such regimens is decreasing in several countries.
Indeed, some systematic reviews showed that standard
triple therapies fail to eradicate H. pylori in up to 20% of
patients [15]. Moreover, even lower cure rates have been
observed in primary medical care settings, bacterial erad-
ication being achieved in only 61-76% of patients [25].
As a consequence, new therapeutic combinations to cure
H. pylori infection have been pioneered in the last few
years. Ten-day sequential treatment, for instance, is
emerging as an alternative first-line therapy [26, 27]. In
addition, some effective rescue therapies have been devel-
oped in order to overcome treatment failures [28-31].

Gasbarrini/Gasbarrini/Pelosini/
Scarpignato



Although there are several reasons accounting for the
lack of efficacy of eradication regimens, the major cause
was found to be H. pylori resistance to antimicrobials (es-
pecially clarithromycin and metronidazole) [32-34]. The
microorganism can become resistant to most antibiotics
by chromosome mutation. This is the essential resistance
mechanism found in this bacterial species, although ge-
netic exchanges, especially transformation, have also been
documented [29, 34]. The genes affected by point muta-
tions together with the frequency of resistance for the com-
monly used classes of antimicrobials are shown in table 1.

Rifamycin derivatives (like rifampicin, rifabutin and
rifaximin) display antibacterial activity against H. pylori
[35-37]. Rifabutin [38], whose oral bioavailability is rath-
er low (i.e. 20%), is being increasingly used in some ‘res-
cue’ therapies after failed eradication attempts [31, 39—
41]. However, its use is in many countries restricted to
mycobacterial infections and the drug is not devoid of
systemic adverse effects, some of which could actually be
serious [42, 43]. In addition, being a potent inducer of
cytochrome Pysq oxidative enzymes [44], rifabutin is en-
dowed with several clinically relevant drug interactions.
However, although a case of reversible myelotoxicity with
leukopenia and thrombocytopenia has been reported
[43], serious adverse effects associated with the short-
term treatment used for Helicobacter eradication are gen-
erally rare [45].

The prevalence of H. pylori resistance to this group of
antibiotics is not exactly known but is probably extreme-
ly low as these drugs have — until recently — only been used
in a limited number of patients to treat mycobacterial in-
fections. On these grounds, some new rifamycin deriva-
tives that display a potent bactericidal activity against H.
pylori have been patented by different pharmaceutical
companies. More interesting, these compounds seem to
be active also against those bacterial strains resistant to
both metronidazole and clarithromycin [45].

Conversely from rifabutin, rifaximin is a poorly ab-
sorbed rifamycin derivative with a broad spectrum of an-
tibacterial activity covering Gram-positive and Gram-
negative organisms, both aerobes and anaerobes [46-50],
including H. pylori [51-54]. Being virtually unabsorbed,
its bioavailability within the gastrointestinal tract is rather
high and the drug is almost completely devoid of adverse
effects [46, 49]. Because of its antibacterial activity against
the microorganism and the lack of strains with primary
resistance [52, 54], the activity of rifaximin was explored
in vivo in an attempt to find out a suitable antimicrobial
combination for H. pylori eradication. The available in
vitro and in vivo studies are summarized below.

Rifaximin for Eradication of H. pylori

Table 1. Genes affected by point mutations or other genetic events
leading to antibiotic resistance in H. pylori and the frequency of
resistance (from Mégraud and Lamouliatte [29])

Antibiotic group Genes affected  Frequency of resistance
Macrolides 23S rRNA 0-20%

Metronidazole rdxA, fixA 10-90%

Quinolones gyrA 0-10%

Rifamycins rpoB 0-5%

Amocicillin PBP-1A few cases described
Tetracycline 16S rRNA few cases described

Table 2. Activity of rifaximin and other antimicrobial agents
against H. pylori in vitro (from Mégraud et al. [52])

Antimicrobial MICs, MICy, Range
pg/ml pg/ml pg/ml
Rifaximin (pH 7.2) 1 2 0.25-4.00
Rifaximin (pH 6.0) 4 4 0.50-8.00
Rifampicin 2 4 0.25-4.00
Amoxicillin <0.008 0.015 <0.008-0.06
CBS 16 32 8.00-32.00

In vitro Activity of Rifaximin against
Helicobacter pylori

The antibacterial effect of rifaximin against H. pylori
(still called Campylobacter pyloridis at that time) was first
reported 16 years ago [51]. However, the first systematic
investigation was performed in 1994 by Mégraud et al.
[52], who found that this antibiotic was able to inhibit the
growth of H. pylori with MIC values (table 2) intermedi-
ate between those of amoxicillin and colloidal bismuth
subcitrate (CBS) [55]. In contrast to metronidazole, no
strain tested exhibited primary resistance. Furthermore,
the activity of rifaximin was only slightly affected by low-
ering the pH of the medium, conversely from what is cur-
rently observed with other antibiotics [14]. The lack of
antagonism towards amoxicillin and CBS suggested that
a combination of this rifamycin together with these anti-
microbials could be used in vivo.

A subsequent study [53] confirmed the activity against
the microorganism (table 3) and also showed the lack of
antagonism towards metronidazole and omeprazole. Fi-
nally, Quesada et al. [54] — while supporting the antibac-
terial activity of rifaximin against 31 different strains of
H. pylori — showed that this rifamycin derivative is active
against clarithromycin-resistant strains.
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Table 3. Activity of rifaximin, other antimicrobial agents and
omeprazole against 40 strains (39 clinical isolates and the NCTC
11638 strain) of H. pylori at pH 7.0 (from Holton et al. [53])

Antimicrobial MICs, MICy, Range
pg/ml pg/ml pg/ml
Rifaximin 4 8 4.00-6.00
Ampicillin 0.03 0.25 0.03-0.50
Metronidazole 0.5 4 0.12-4.0
Omeprazole 32 >128 32 to >128

Table 4. Eradication rate and incidence of adverse events following
administration of rifaximin and different rifaximin-based eradica-
tion regimens in H. pylori-positive patients (from Pretolant et al.

[55])

Regimen Eradication Adverse
rate events

Rifaximin 400 mg b.i.d. 40% (4/10) 0% (0/10)
Rifaximin + CBS 120 mg b.i.d. 50% (5/10)  20% (2/10)
Rifaximin + clarithromycin

500 mg b.i.d. 73% (8/11)  18% (2/11)
Rifaximin + metronidazole

250 mg t.i.d. 60% (6/10)  30% (3/10)

Drugs were given for 2 weeks and eradication checked 1 month
after stopping treatment with either rapid urease test or histology
on biopsy samples taken from the antrum and the corpus.

Table 5. SIBO decontamination and H. pylori eradication rates in
patients given rifaximin plus either clarithromycin or levofloxacin
for 1 week [from Gasbarrini et al., unpubl. results]

Antimicrobial combination SIBO H. pylori
(daily doses, mg) decontamination eradication
rate, % rate, %
Rifaximin (1,200) +
clarithromycin (1,000) 75 60
Rifaximin (1,200) +
levofloxacin (500) 78 50

The selection of rifaximin-resistant strains was also
investigated on five different isolates of H. pylori. None
of the strains exhibited primary resistance to rifaximin,
but, after exposure to subinhibitory concentrations of the
antibiotic, all five strains became resistant. The mutation
frequency was similar to that observed with macrolides
and quinolones, but was less frequent than that observed
with metronidazole [52, 53].
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In vivo Helicobacter pylori Eradication Trials

A first single-blind randomized study [55] evaluated
the efficacy of rifaximin alone or in combination in H.
pylori-positive patients with antral gastritis and found the
dual therapy with clarithromycin particularly effective
(table 4).

On the basis of these results, a triple therapy including
rifaximin, amoxicillin and omeprazole was attempted
[56]. However, results were disappointing since the erad-
ication rate (i.e. 60%) did not differ from that observed
with dual therapy. However, in this study, high doses
(600 mg t.i.d.) of rifaximin suspension (2%) were used,
which proved in a subsequent study [57] to be less effective
than the tablet formulation. In addition, large volumes of
the suspension had to be taken, which might have lowered
patients’ compliance and, consequently, the eradication
rate [56]. Moreover, in the above study, drugs were given
on an empty stomach. Since a meal markedly prolongs
drug gastric residence time and improves its intragastric
distribution to the body and fundus [58], postprandial dos-
ing seems a more suitable strategy for improving topical
delivery and mixing (thanks to increased antral motility)
of antimicrobials [58, 59], provided binding to or inactiva-
tion by food does not occur. An additional finding that
would suggest postprandial dosing is that eating is associ-
ated with desquamation of gastric surface cells and dis-
charge of mucus [60], possibly exposing the organisms to
higher concentrations of the antimicrobial agent, or may
expose a higher percentage of the organisms to it.

In a recent dose-finding study [61], performed to assess
the efficacy of rifaximin in the treatment of small intestine
bacterial overgrowth (SIBO), it was found that 70% of
these patients were H. pylori-positive. This observation
gave the opportunity to evaluate simultaneously the disap-
pearance of SIBO and the eradication of the microorgan-
ism. As the dose of 1,200 mg daily was the most effective
in achieving both end-points (fig. 1), it was combined with
either clarithromycin or levofloxacin in an attempt to im-
prove the results obtained with the rifamycin derivative
alone. As shown in table 5, the rifaximin-clarithromycin
combination reached the highest eradication rate.

Rifaximin was very well tolerated, with no difference
in the safety profile amongst the three regimens studied.
No abnormality of laboratory parameters was observed 3
days after the end of the treatment [61].

In a subsequent study [62] the effectiveness of two dif-
ferent triple therapies, both including rifaximin and a pro-
ton pump inhibitor (i.e. esomeprazole), combined with ei-
ther clarithromycin or levofloxacin, were studied. Two
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Fig. 1. Rifaximin dose-response curves for decontamination of
SIBO (y = -13.571 + 6.6429¢-2x, r* = 1.000) and eradication of H.
pylori (y = =6.5714 + 3.1429¢-2x, r* = 0.910) in the same (n = 63
out of 90) patients (from data in Lauritano et al. [61] and unpub-
lished data by the same authors).

groups of 24 naive Helicobacter-positive patients were ran-
domized to receive one of the following treatments, all giv-
en for 7 days: (1) 24 patients were assigned to receive a
triple therapy based on clarithromycin 500 mg b.i.d., rifa-
ximin tablets 400 mg t.i.d., esomeprazole 40 mgo.d. (group
CRE), and (2) 24 patients were assigned to receive a triple
therapy based on levofloxacin 500 mg o.d., rifaximin tab-
lets 400 mg t.i.d., esomeprazole 40 mg o.d. (group LRE).

H. pylori eradication was assessed using the UBT per-
formed with citric acid and 75 mg of 3C urea, 4 weeks
after the end of therapy. A A'*C-UBT over baseline value
>3.5 was considered positive for active H. pylori infec-
tion.

Drug compliance was excellent and all the patients
completed the study. The tolerability profile of both treat-
ments was similar without significant difference between
the two groups [62]. All the adverse events were reported
as mild by the patients, the main complaint being taste
disturbance.

As shown in figure 2, the CRE regimen gave a reason-
able eradication rate (although lower than that achieved
when amoxicillin was used instead of rifaximin in a similar
triple therapy), but the LRE combination resulted in an
unacceptably low cure rate. The incidence of gastrointesti-
nal adverse events with CRE therapy was however consid-
erably lower than that reported with the standard triple
therapy, being 53.3% with CAE and only 6.6% with CRE.

Rifaximin for Eradication of H. pylori
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Fig. 2. Helicobacter eradication rate (on ITT analysis) obtained
with the CRE (clarithromycin-rifaximin-esomeprazole) or LRE (le-
vofloxacin-rifaximin-esomeprazole) regimens. The gray interval
refers to the range of eradication rate obtained with CAE (clarithro-
mycin-amoxicillin-esomeprazole) or CLE (levofloxacin-amoxicil-
lin-esomeprazole) in the same Institution (from Gasbarrini et al.
[62]).

As expected from the in vitro data [52], the results ob-
tained with the CRE triple regimen were similar to those
obtained with dual (i.e. rifaximin-amoxicillin or rifaxi-
min-metronidazole) therapies without a proton pump in-
hibitor [56, 63], thus confirming in vivo that the antibac-
terial activity of this rifamycin derivative is unaffected
by intragastric pH.

Conclusions

Although several eradication regimens have been de-
veloped, the optimal treatment for H. pylori infection is
not yet established. The very fact that new antimicrobial
combinations are being explored, the results of which ap-
pear regularly in the medical literature, is evidence that
no single regimen serves to provide the ideal treatment
the clinicians require. Antimicrobial-related adverse ef-
fects represent the main cause of poor compliance, which
often lead to eradication failure [21, 23, 64]. This is, for
instance, the case of rifabutin-based regimens, which —
despite the high cure rates [65-67] — are not devoid of
serious adverse events [42, 43].

The excellent safety profile of rifaximin [46, 49], to-
gether with its activity against H. pylori strains [51-54],
even resistant to clarithromycin [54], prompted several
clinicians to investigate the rifaximin potential as a com-
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ponent of dual or triple eradication regimens. Taken to-
gether, all the above results suggest that rifaximin-based
eradication therapies are promising but new antimicro-
bial combinations (with and without proton pump in-
hibitors) need to be explored in well-designed clinical tri-
als including a large cohort of H. pylori-infected patients.
The remarkable safety of rifaximin, confirmed in our own
experience, will allow high-dose regimens of longer dura-
tion (e.g. 10 or 14 days) to be tested with confidence in
the hope of achieving better eradication rates.
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Note Added in Proof

At the recent meeting of the American
College of Gastroenterology in Honolulu
(Hawaii, USA), Hilal and Hilal [74] present-
ed the preliminary results of an open label
study exploring the efficacy of a new rifaxi-
min-based regimen in the eradication of He-
licobacter pylori. Patients were given lanso-
prazole (30 mg b.i.d.), doxycycline (100 mg
b.i.d.) and rifaximin (400 mg t.i.d.) for 14
days. Although this triple therapy was well
tolerated, the eradication rate appeared to be
rather low (i.e. 40%), especially when com-
pared with the standard triple regimens.

Digestion 2006;73(suppl 1):129-135

135



KARGER


http://dx.doi.org/10.1159%2F000089789

500
_. 450 | 443
5 il
S 400+
Qo
5 350
T 300
- 253.8
. . £ 250 I
Fig. 1. Mortality rate attributed to NSAID/ 2
aspirin-associated GI complications in g 200 + 1534
Spain and frequently reported estimates } 150 .
published in the USA and the UK [3, 4, 13, =
15]. * Data estimated from the population 5 1007 59
registered in 1998. Estimations for mortal- Z 50 25 33.7
ity in NSAID/aspirin users have been cal- o N ‘ [ ] S ‘ ‘ ‘ ‘
culated from the adult population with a Spain UK” USA" Spain UK" USA"
NSAID of 20.6% use in Spain and 16.8% in Entire country population NSAID/aspirin users
the USA and the UK (from Lanas et al.
[9D.

the population uses this class of drugs at least 1 month
per year. However, these figures might underestimate the
actual dimension of NSAID use because they often ex-
clude over-the-counter use of aspirin and other recently
released non-aspirin NSAIDs [1].

Although NSAIDs represent a very effective class of
drugs, their use is associated with a broad spectrum of
untoward reactions in the liver, kidney, skin and gut. Up-
per gastrointestinal (GI) side effects are the most com-
mon adverse events associated with NSAID use [1, 2].
Indeed, although gastroduodenal mucosa possesses an ar-
ray of defensive mechanisms, NSAIDs have a deleterious
effect on most of them [3]. Although the upper GI toxic-
ity of NSAIDs is well documented, the appreciation that
NSAID damage extends beyond the duodenum is less
well recognized. Upper GI effects are indeed the most
known and most feared adverse events, but it is evident
that NSAID therapy is also associated with lower GI
complications, which contribute significantly to the mor-
bidity and mortality associated with this class of drugs.
NSAID-associated toxicity of the small and large bowel
has several different manifestations and includes ulcer-
ations, strictures, colitis, bleeding and perforation among
others [4, 5]. In addition, NSAIDs may induce exacerba-
tion of underlying diseases, like for instance inflamma-
tory bowel disease (IBD), which is a difficult clinical
problem since many patients suffer from both IBD and
arthritic diseases [5].

Many of the above-mentioned clinical manifestations
are believed to be the consequence of the inhibition of
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COX-1-and COX-2-driven prostaglandin (PG) synthesis
by NSAID agents. However, other mechanisms may also
be involved and the pathophysiology of NSAID-induced
damage in the lower GI tract seems somehow different
from that of the upper GI damage, where acid plays a
pivotal role [1-3, 6].

Spectrum of Lesions and Symptoms
Associated with Gl Damage Induced by
Non-Selective and COX-2 Selective NSAIDs

GI problems constitute a wide range of different clin-
ical pictures, ranging from symptoms such as dyspepsia,
heartburn and abdominal discomfort to more serious
events, like mucosal erosions and peptic ulcer with its
life-threatening complications, bleeding and perforation
[1, 2]. It is now widely accepted that NSAID use increas-
es the risk of upper GI bleeding and that the cumulative
incidence of upper GI complications ranges between 0.92
and 1.4% after 12 months of NSAID use [7, 8]. The worst
and undesirable outcome of GI complications is death. A
recent study [9] has pointed out that 15.3 deaths per
100,000 NSAID/aspirin user-years occur in Spain as a
consequence of GI complications, a figure which agrees
with more recent estimates from the USA (fig. 1).

The use of COX-2-selective inhibitors has been asso-
ciated with a significant reduction in the incidence of
gastroduodenal ulcers when compared to traditional
NSAIDs. Furthermore, high-dose rofecoxib and lumira-
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Table 1. Spectrum of lesions of the distal GI tract associated with
NSAIDs

Subclinical damage Clinical damage

Increase in mucosal Anemia
permeability Mucosal diaphragms
Mucosal inflammation Strictures
Fecal occult blood loss Small bowel, colonic and rectal
Ileal dysfunction ulceration
Malabsorption Colitis
Bleeding
Perforation

Exacerbation of underlying diseases
Chronic inflammatory bowel diseases
Diverticulosis

Angiodysplastic lesions

Table 2. Intestinal inflammation in patients on long-term NSAIDs
(from Sigthorsson et al. [20])

Patients 4-day fecal excretion of
studied abaormal "Tn white cells (% dose)

Controls 22 0 0.5 (0.2)*

Indomethacin 52 30 4.1 (2.9)*

Piroxicam 28 15 3.9 (1.1)*

Naproxen 58 42 3.9 (0.8)*

Ibuprofen 29 16 3.0 (1.2)*

Ketoprofen 14 9 3.5 (1.8)*

Diclofenac 38 24 4.4 (4.8)*

Aspirin 7 1 0.7 (0.3)

Sulindac 9 5 2.5(2.9)*

Etodolac 11 7 3.7 (2.1)*

Nabumetone 13 2 1.1(0.4)

*p <0.05 vs. controls.

coxib use was associated with a 50-70% reduction of up-
per GI complications when compared to non-selective
NSAIDs (namely naproxen and ibuprofen) [7, 8]. In the
CLASS! study [10], high-dose celecoxib was better toler-
ated than non-selective NSAIDs in patients not taking
low-dose aspirin. Although it is now becoming clear that
coxibs lose their GI benefit over traditional NSAIDs
when combined with low-dose aspirin [8, 10, 11] or in

! Celecoxib Long-term Arthritis Safety Study.
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presence of multiple GI risk factors [12], recent epide-
miological studies [13, 14] confirm that, in common clin-
ical practice, these compounds are associated with the
lowest risk of GI complications among all the available
NSAIDs.

Although NSAID lesions located in the upper GI tract
are common, it is now widely accepted that NSAID use
is associated both with upper GI and lower GI complica-
tions [1, 2, 5, 15, 16]. The relatively small number of re-
ports of toxic effects of NSAIDs to the small bowel may
reflect primarily the lack of diagnostic tools. Indeed, push
enteroscopy [17] and endoscopic capsule [18] have only
recently been available to clinicians. Nevertheless, a host
of small bowel manifestations have now been document-
ed, ranging from strictures causing dramatic small-bowel
obstruction and severe bleeding to low-grade ‘NSAID en-
teropathy’, a syndrome comprising increased intestinal
permeability and low-grade inflammation with blood and
protein loss [4-6]. The enteropathy, although not dra-
matic, may add to existing GI problems, especially in
rheumatic patients, and contribute to iron-deficiency
anemia or hypoalbuminemia. Autopsy studies [19] have
also shown an increased incidence of small-bowel ulcers
in long-term NSAID users.

Lesions Induced by NSAIDs in the Distal Gl
Tract

The prevalence of NSAID-associated lower GI side ef-
fects may exceed that detected in the upper GI tract and
include a wide spectrum of lesions (table 1). In addition,
the frequency of life-threatening complications due to the
lower GI tract represents nowadays no less than a third
of all GI complications associated with the use of these
agents.

NSAID-Induced Increase in Gut Permeability and

Inflammation

NSAIDs induce damage to both the small and the large
bowel and at least 60-70% of patients taking NSAIDs
develop enteropathy [5, 16]. In the small bowel, NSAIDs
enhance gut permeability and induce mucosal inflamma-
tion (table 2) [20]. Increased gut permeability can be seen
as soon as 12 h after the ingestion of single doses of ibu-
profen, naproxen or indomethacin [21]. The process is
rapidly (i.e. within 12 h) reverted, but it takes 4 days when
the NSAID has been used repeatedly (1 week or more)
[22]. The increase in gut permeability is observed with
almost all NSAIDs, with the exception of those not un-
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dergoing enterohepatic recirculation [20, 23]. Being de-
void of such a kinetic pattern and being non-acidic com-
pounds, among other characteristics, COX-2-selective
inhibitors rofecoxib and celecoxib do not increase intes-
tinal permeability [2, 23, 24].

An initial increase in small intestine permeability is a
prerequisite of the subsequent development of small in-
testine inflammation, which is associated with blood and
protein loss [25]. Calprotectin is a neutrophil cytosolic
protein that, being resistant to colonic bacterial degrada-
tion, can be measured in feces [26]. A landmark study
[27], performed with 18 different NSAIDs, has shown
that almost all these compounds significantly increase fe-
cal calprotectin in patients with rheumatoid arthritis or
osteoarthritis and that single stool fecal calprotectin con-
centrations are correlated with the 4-day fecal excretion
of "'In-labeled leukocytes.

All the above investigations [16, 20-25] have revealed
that intestinal inflammation could be present in up to
60-70% of patients taking NSAIDs and that, once estab-
lished, it may be detected up to 1-3 years after the NSAID
has been stopped.

NSAID-Induced Anemia and Blood Loss

Anemia is frequent in patients taking NSAIDs and
may be the consequence of distal GI tract blood loss. Dif-
ferent studies have shown that after NSAID ingestion the
simultaneous intravenous injection of !'!'In-labeled leu-
kocytes and **™Tc-labeled erythrocytes revealed the iden-
tical location of both radioactive blood cell types in the
intestine, thus suggesting a correlation between the in-
flammatory and hemorrhagic damage induced in the in-
testine by these agents [25, 27, 28]. Furthermore, approx-
imately half of the patients with occult GI bleeding while
on regular NSAIDs have jejunal or ileal ulcerations [29].
Although intestinal inflammation is lower in NSAID en-
teropathy compared with IBD, fecal blood loss appears to
overlap that observed in Crohn’s disease (table 3) [30].

NSAID-Associated Malabsorption, Protein Loss and

Ileal Dysfunction

Patients taking long-term NSAIDs may also show in-
testinal malabsorption and protein-loss enteropathy [1,
5, 6]. The use of sulindac and fenamates has been associ-
ated with severe malabsorption and atrophic mucosa
similar to that seen in celiac sprue. Loss of proteins has
been shown at the ileal level and more recently it has been
suggested that NSAIDs use increases the risk of acute di-
arrhea [5, 6] and that their use can be the responsible fac-
tor of many episodes seen in general practice [31].

Antibiotics for NSAID Enteropathy

Table 3. Inflammation and blood loss in IBD and NSAID enter-
opathy (from Teahon et al. [30])

Fecal excretion of  Fecal excretion of

Tn-labeled 3lCr-labeled red
neutrophils cells
Upper normal limit  <1% <1 ml/day
Patients with UC 20.3% (8.3-53.1) 6.5 (1.8-29.2)
Patients with CD 17.00% (12.1-22.0) 2.1 (0.7-5.3)
Patients on NSAIDs  1.6% (0.7-3.0) 1.9 ml/day' (0.5-3.8)

UC = Ulcerative colitis; CD = Crohn’s disease.
! Value not significantly different from that found in patients
with Crohn’s disease.

NSAID-Associated Mucosal Ulceration and Intestinal

Diaphragms

As already outlined, there is an increased incidence of
small intestinal ulceration in long-term (>6 months) users
of NSAIDs. Non-specific small-intestinal ulceration was
found in 8.4% of the users of NSAIDs and 0.6% of the
non-users (p < 0.001). Three patients taking NSAIDs
were found to have died of perforated non-specific small-
intestinal ulcers [19]. Imaging via the wire-less capsule
endoscopy has revealed that NSAIDs induce several types
of lesions, including intestinal ulceration, in the small
bowel (fig. 2) [32, 33]. Colonoscopy studies have also
shown that NSAID use is associated with isolated colon-
ic ulcers, diffuse colonic ulceration that may or may not
be associated with occult bleeding or complications, such
as major intestinal bleeding and/or perforation (fig. 3).
Diffuse colitis has been observed after the use of mefe-
namic acid, ibuprofen, piroxicam, naproxen or aspirin.
NSAIDs may also exacerbate preexisting lesions includ-
ing diverticulitis, reactivate IBD and trigger intestinal
bleeding from angiodysplastic lesions [3-6, 16].

Strictures of the large or small intestine are a well-rec-
ognized side effect of NSAID-associated lower GI toxicity.
The strictures are diaphragm-like rings of scar tissue (fig.
4) and represent a distinctive pathological entity that may
have a silent clinical evolution or more often induce inter-
mittent obstruction, anemia and or diarrhea and may re-
quire surgery for treatment and/or diagnosis [6, 16, 34].

NSAID-Associated Lower GI Complications

NSAID use increases the risk of lower GI bleeding and
perforation to a similar extent to that seen in the upper
GI tract. Two studies [35, 36] found that most patients
with lower GI bleeding or perforation had evidence of
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Fig. 2. Small intestine lesions seen with video-capsule in long-term
users of NSAIDs. a, b Typical ulcer-like mucosal losses. ¢ Image
depicts a linear ulcer, almost healed. d A small bleeding lesion is
evident. Courtesy of Given Imaging Ltd, Yogneam, Israel.

Fig. 3. Endoscopic appearance of colonic mucosal inflammation
with ulceration in a 72-year-old woman who presented with ab-
dominal pain, bloody diarrhea and weight loss. She had been taking
significant amounts of NSAIDs for arthritis. Although grossly sim-
ilar in appearance to ischemic colitis, the typical histological fea-
tures of ischemic colitis (mucosal necrosis, fibrosis of the lamina
propria and crypt atrophy, and overlying fibrinopurulent mem-
brane) were not present on biopsy. Courtesy of Dr. David Martin,
East Point, Ga., USA.
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Fig. 4. Appearance of small intestinal strictures at barium exami-
nation and diaphragm-like rings in post-mortem specimens from
long-term users of NSAIDs. Courtesy of Prof. Ingvar Bjarnason,
Department of Medicine, Guy’s, King’s, St Thomas’ Medical
School, London, UK. a Small barium enema showing multiple
NSAID-induced strictures marked by arrows on both sides.
b Small-bowel loop where multiple NSAID-induced diaphragm-
like rings can be clearly seen. ¢ Detail of a small-bowel specimen
showing the marked reduction of intestinal lumen.

Lanas/Scarpignato



recent aspirin or NSAID use. More recently, a large trial
[15] has actually shown that the proportion of patients
developing lower GI bleeding may be similar to that pre-
senting with upper GI complications. In an attempt to
spare gastroduodenal mucosa, an enteric-coated formula-
tion of some NSAIDs has been developed in order to al-
low the release of the active drug into the small bowel.
However, endoscopic studies [1, 5, 37] have shown that,
although these compounds are associated with reduced
damage to the stomach and the duodenum, they do in-
crease small intestinal damage [38], by enhancing the ex-
posure of the distal GI tract to these noxious agents.

Effects of Selective COX-2 Inhibitors on the Small

Bowel

COX-2 inhibitors may induce less or no damage to the
intact distal GI tract compared to non-selective NSAIDs.
The lack of intestinal damage with this class of drugs in
animal experiments [24, 39, 40] has been confirmed in
clinical studies [23, 41-43]. Most patients taking either
meloxicam [27] or nimesulide [44], two preferential
COX-2 inhibitors, had normal intestinal permeability
and no increase in intestinal inflammation in comparison
to control patients not taking the drug. In studies per-
formed in healthy volunteers, rofecoxib [41] and etori-
coxib [45] — conversely from traditional NSAIDs (name-
ly indomethacin or ibuprofen) — proved to be unable of
increasing fecal blood loss. Along the same lines, the in-
cidence of anemia with celecoxib was significantly lower
than that seen with traditional NSAIDs[10, 46]. Although
some case reports of acute colitis or lower intestinal com-
plication have been associated with administration of
COX-2 inhibitors, data derived from the VIGOR? study
have shown that the benefits of rofecoxib 50 mg/day over
naproxen (500 mg b.i.d.) were present in both the upper
and the lower GI tract with a risk reduction of 50 and
60%, respectively [7, 15]. Moreover, a retrospective study
[47] reported the long-term (median 9 months) safety of
these agents in patients with IBD.

Selective COX-2 Inhibitors: Gastrointestinal Benefits

versus Cardiovascular Risks

The main limitation to the use of this therapeutic strat-
egy 1s the concern regarding the cardiovascular (CV) risk
associated with the use of this new class of drugs. As a
matter of fact, some publications [48-50] have raised
concerns that coxibs may be prothrombotic and increase

2 Vioxx Gastrointestinal Outcomes Research.
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the risk of acute myocardial infarction (AMI). This has
arisen because of the theoretical possibility that selective
COX-2 inhibitors may affect the balance between pro-
thrombotic and antithrombotic prostanoids [51]. And in-
deed, the CV safety of these agents has repeatedly been
questioned. A subanalysis of the VIGOR trial [7] demon-
strated a significant increase in the risk of AMI for rofe-
coxib users relative to naproxen users. The absence of a
placebo group in this trial and the low event rate in this
subgroup analysis make interpretation of these findings
difficult. Possible explanations for these observations in-
clude an increased risk of AMI for rofecoxib, a cardiopro-
tective effect of naproxen, or both. Alternatively, the find-
ings of the VIGOR trial with respect to AMI may have
simply occurred by chance and neither rofecoxib nor
naproxen truly affects the risk of AMI. A thoughtful re-
view discussing these issues, which the reader is referred
to, has been published by Baigent and Patrono [52].
Subsequent to the publication of the VIGOR trial, a
paper by Mukherjee et al. [53] extended the CV safety
concern to celecoxib and potentially to all selective COX-
2 inhibitors. After the appearance of this intriguing re-
port, several analyses or meta-analyses providing evi-
dence against [54-57] or for [58-62] an increase of CV
risk during selective COX-2 therapy have been published.
Since September 30, 2004, the day that rofecoxib was
withdrawn from the market by Merck & Co. on the basis
of the results of the APPROVe? trial, there has hardly
been a day without significant news either in the scien-
tific and the lay press on the general topic of COX-2 in-
hibitors. The release in the New England Journal of Med-
icine (March 17, 2005) of the results of three different
studies [63-65] documenting the increase in AMI risk
after administration of rofecoxib, celecoxib and parecox-
ib/valdecoxib confirmed that CV adverse events with
these drugs is a class-dependent rather than a molecule-
dependent effect. Meanwhile the National Institutes of
Health decided to stop the ADAPT?* trial because of an
apparent increased incidence of IMA in patients treated

3 Adenomatous Polyp Prevention on Vioxx, a 3-year trial with the primary

aim of evaluating the efficacy of rofecoxib (25 mg daily) for the prophylaxis of
colorectal polyps. The study was terminated early when the preliminary data
from the study showed an increased relative risk of adverse thrombotic CV
events beginning after 18 months of rofecoxib therapy.

4 Alzheimer’s Disease Anti-inflammatory Prevention Trial, a study designed
to assess whether naproxen (220 mg b.i.d.) and celecoxib (200 mg b.i.d.) had
potential benefit in preventing the onset of Alzheimer’s disease. The study en-
rolled subjects 70 years of age or older who were considered to be at increased
risk because of family history, but did not yet have symptoms of the disease.
The planned duration of the study was 7 years, but the investigation was sus-
pended after 3 years.
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with naproxen [66]. These results, unexpected especially
in the light of the antiaggregant effect of naproxen [67-
70], did suggest however that the CV risk of coxibs could
also be shared by traditional NSAIDs. And indeed, recent
observational studies [71-73] have concluded that both
unselective and COX-2-selective NSAIDs share the same
CV risks, i.e. increase in AMI, congestive hearth failure
and sudden death risk. The lack of cardioprotective effect
of naproxen and the inability of low-dose aspirin of coun-
terbalancing the CV effects of coxibs, pointed out in the
first study [71], challenge the hypothesis according to
which the increase in CV risk by selective COX-2 inhib-
itors could be due to their ‘prothrombotic’ activity.

If a greater risk of AMI exists in patients receiving non-
selective or COX-2-selective NSAIDs, it is possible that
this is due to their ability to increase blood pressure (BP)
[74, 75] rather than to a prothrombotic effect. Changes
in coronary heart disease and stroke morbidity and mor-
tality rates are directly related to changes in systolic
BP, independent from changes in diastolic BP [76].
Even small differences from baseline measures have
been shown to be of clinical relevance. For example, the
ALLHAT? study [77] showed that additional reduction
in systolic BP of only 3 mm Hg with chlorthalidone com-
pared with doxazosin was associated with a 50% reduc-
tion in the development of new-onset congestive heart
failure and a 19% reduction in strokes.

Data from clinical trials of coxibs indicate that these
agents have effects on BP similar to those of traditional
NSAIDs and the VIGOR trial [7] clearly showed that ef-
fect of rofecoxib on hypertension is dose-dependent as it
is the increase in IMA risk in patients taking this drug
[58]. It is unclear why rofecoxib is more likely to increase
BP than celecoxib at the commonly used clinical doses
[78, 79]. Possible explanations include inherent phar-
macological differences between the two drugs or differ-
ences in the extent of COX-2 inhibition at doses consid-
ered to be clinically equivalent [80].

Hypertension seems therefore to be a dose-related,
mechanism-based class effect of all NSAIDs, including
coxibs. However, there is limited information from pro-
spective clinical trials addressing the BP effects of coxibs,
and more comparative data are needed. At this point, it
1s not clear which clinical characteristics represent risk
factors for development of hypertension in patients re-
ceiving therapy with coxibs. Patients with renal impair-

> Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack

Trial.
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ment, heart failure, liver disease, and those of advanced
age should be appropriately monitored for renal and BP
abnormalities. As with traditional NSAIDs, hypertensive
patients should be monitored for loss of BP control and
the doses of antihypertensive medications should be ad-
justed if needed [74]. Extensive post-marketing surveil-
lance is however needed especially because, according to
one study [81], the presence of any cardiorenal risk factor
is associated with an increase in coxib use.

Both the USA Food and Drug Administration (FDA)
[82] and the European Medicine Agency (EMEA) [83],
after a careful evaluation of the available data, concluded
that CV adverse events associated with selective COX-2
inhibitors are both dose- and time-dependent and point-
ed out that the use of these drugs is contraindicated in
patients with ischemic heart disease or stroke. A warning
was also introduced for physicians to exercise caution
when prescribing COX-2 inhibitors (EMEA and FDA)
and non-selective NSAIDs (FDA) for patients with risk
factors for heart disease, such as hypertension, hyperlip-
idemia (high cholesterol levels), diabetes and smoking, as
well as for patients with peripheral arterial disease. Given
the association between CV risk and exposure to COX-2
inhibitors, doctors were advised to use the lowest effec-
tive dose for the shortest possible duration of treatment.

Mechanisms of NSAID-Intestinal Damage

Although the inhibition of mucosal PG synthesis dur-
ing NSAID use occurs along the entire digestive system,
there are significant differences between the distal and the
proximal GI tract in the concurrence of other pathogenic
factors that may add to damage. Among them, the ab-
sence of acid and the presence of bacteria and bile in the
intestine are the most prominent ones, which may trigger
specific NSAID-related pathogenic mechanisms at the
distal GI tract level.

NSAID-induced damage to the intestinal epithelium
is set in motion by a direct effect of the drug after oral
administration, a persistent local action due to the entero-
hepatic recirculation of the compound, and the systemic
effects carried out after its absorption (fig. 5) [5]. The ini-
tial biochemical local subcellular damage is due to the
entrance of the usually acidic NSAID into the cell via
damage of the brush border cell membrane, disruption of
the mitochondrial metabolism, and enhancement of the
oxidative phosphorylation process, with consequent ATP
production. This leads to an increase in mucosal perme-
ability [84], which facilitates the entrance and action of
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Fig. 5. Mecchanisms of intestinal mucosal damage induced by
NSAIDs. Intraluminal factors, including bacteria, are key elements
in the initiation event of damage, once the mucosal barrier has been
disrupted by the local and systemic effects of NSAIDs as well as
PG inhibition. Recruitment of neutrophils and consequent release
of damaging agents induce ultimately inflammation and ulcer-
ation.

luminal factors such as dietary macromolecules, bile ac-
ids, components of pancreatic juice, and bacteria allow-
ing them to promote the release of pro-inflammatory
agents from the intestinal epithelium. These inflamma-
tory agents attract neutrophils, which release proteolytic
enzymes, reactive oxygen species, and nitrogen interme-
diates, that not only kill bacteria, but also contribute to
inflammation and to the amplification of mucosal dam-
age [85, 86]. The importance of neutrophils has been em-
phasized by the finding that NSAID-intestinal damage is
almost completely abolished in neutropenic rats and ani-
mals treated with antimicrobials [85-87]. As in other
body tissues, the neutrophil recruitment in the intestine
is a process mainly mediated by 3, integrins CD11/CD18
upon stimulation of several cytokines [88]. TNF-a acts as
a relevant cytokine promoting NSAID-induced neutro-
phil recruitment in the mucosa [87-90]. While in the
stomach, where the bacterial load is minimal, the luminal
hydrogen ions are crucial in the pathogenesis of gastric
damage, at intestinal level the presence of bacteria and
their toxic products play a prominent role. In this con-
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nection, it has been demonstrated that the damage in-
duced by different NSAIDs to the intestine is attenuated
in antimicrobial treated rats [85].

In addition to bacteria, other factors may also play a
role. Enterohepatic recirculation seems to be important
in the mechanisms of NSAID damage in the small intes-
tine [91, 92]. Ligation of the common bile duct reduces
the incidence of NSAID-induced lesions. Indeed, up to
60% of these compounds are excreted with the bile and
released in the distal ileum by the action of bacteria,
which may explain the higher drug concentration and the
greater mucosal damage at that level. The inability of
some drugs devoid of enterohepatic circulation to cause
intestinal damage further underlines the importance of
this pharmacokinetic feature [93]. Although the existence
of two COX isoenzymes has long been known, it is still
unclear whether the inhibition of one or both enzymatic
activities is needed for the intestinal damage to develop.
In COX-1-deficient mice there is no evidence of gastric
and/or intestinal damage and these rodents are less prone
to develop NSAID-induced mucosal ulceration [94]. Al-
though these findings may suggest that NSAID-induced
GI mucosal ulceration is derived from mechanisms other
than COX-1 inhibition, it is conceivable that mice may
have developed alternative mucosal defense mechanisms
to counteract the genetically-induced mucosal PG defi-
ciency. An increasing body of experimental evidence [95,
96] suggests that inhibition of both COX-1 and COX-2
is necessary to promote significant GI damage. The im-
portance of PG deficiency in the pathogenesis of NSAID-
induced intestinal damage is confirmed by the finding
that administration of exogenous PGs before indometha-
cin either reduces or eliminates intestinal damage in rats
[97, 98].

Prevention and Treatment of NSAID
Enteropathy: Is There Room for Antibiotics?

As NSAID-associated intestinal damage is a pH-inde-
pendent phenomenon, co-administration of antisecreto-
ry drugs is useless either in preventing or treating mucosal
lesions. Not only were H,-receptor antagonists (cimeti-
dine and famotidine) unable to counterbalance the
NSAID-induced increase of intestinal permeability but
also mucosal protective compounds, like sucralfate and
misoprostol, were similarly ineffective [99, 100]. Indeed,
the potential beneficial effects of PGs on NSAID-induced
intestinal permeability seem to be dose-dependent and of
little benefit since the enterohepatic re-circulation of the
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Table 4. Reduction of intestinal
inflammation and blood loss by
metronidazole in patients on NSAIDs

(from Bjarnason et al. [113])

Parameter Metronidazole 800 mg/day Significance
before after

Fecal excretion of !''In-labeled

neutrophils, % 4.7+1.30 1.5+0.36 p <0.001
Fecal excretion of *'Cr-labeled

red cells, ml 2.6+0.44 0.9+0.13 p <0.001
5-hour urinary excretion ratio

SICr-EDTA/L-rhamnose 0.133+0.012 0.1154%£0.017 NS

Intestinal inflammation was assessed by fecal excretion of !!''In-labeled neutrophils
while blood loss was quantitated via fecal excretion of 3'Cr-labeled red cells. The urinary
excretion ratio or 3!Cr-EDTA/L-rhamnose was used as an index of intestinal permeability.

NSAIDs overcomes the beneficial effect of (even high-
dose) misoprostol [100].

Other potential approaches, including the administra-
tion of w-3 fatty acids or glucose, are being tested, but
none have proven to be effective during continuous
NSAID therapy [5]. Much attention has focused on nitric
oxide (NO) donating NSAIDs, the development of which
was stimulated by the realization that there was mecha-
nistic redundancy in gastroduodenal protection and that
NO could stimulate the same gastroduodenal protective
mechanisms as PGs. These drugs have recently been
named COX-inhibiting NO donors (CINODs). The dif-
ferent NO-releasing moieties (nitroxybutyl or furoxan
groups) added through a chemical spacer to standard
NSAIDs result in different physicochemical properties
and different NO-releasing capacities of the hybrid mol-
ecules [101]. As organic nitrates, NO-NSAIDs require
metabolic degradation by tissue enzymes (mainly ester-
ases of the intestinal wall and liver) to release NO, but the
rate of NO release is much slower in comparison to other
NO donors. Recent human studies with the nitroxybutyl
derivative of naproxen (AZD-3582) [102] or aspirin
(NCX-4016) [103] have pointed out not only the gastro-
duodenal but also the intestinal safety (i.e. lack of increase
in intestinal permeability) of this new class of drugs, thus
confirming a large number of animal data. Conversely
from NSAIDs these compounds not only maintain gastric
mucosal blood flow and reduce leukocyte-endothelial cell
adherence but also reduce systemic BP [101]. While pre-
clinical studies with these compounds have demonstrated
reduced intestinal adverse effects (i.e. ulceration and
bleeding) compared with parent compounds [104], no
such data regarding the lower GI tract in humans are
available. NSAID transition metalloelement complexes
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[5] do not display GI or renal toxicity while maintaining
anti-inflammatory activity. These new complexes have
been investigated in animals, but clinical studies are lack-
ing. Phosphodiesterase inhibitors (like theophylline or
pentoxifylline) improve indomethacin-induced enterop-
athy in rats, via reduction of tissue TNF-a, IL-18 and
iINOS expression [105]. As these drugs are available for
human use, a clinical trial exploring their usefulness in
preventing NSAID enteropathy appears worthwhile.

Antimicrobial Therapy

There is sufficient animal evidence to support a key
role of bacteria in the induction of damage in the intestine
by NSAIDs. Several investigations [50, 106, 107] have
suggested that bacterial flora may play a role on the patho-
genesis of NSAID bowel injury and Robert and Asano
[91] did show more than 25 years ago that germ-free rats
are resistant to indomethacin-induced intestinal lesions.
A recent paper [108] found an unbalanced growth of
Gram-negative bacteria in the ileum of NSAID-treated
animals and showed that heat-killed Escherichia coli cells
and their purified lipopolysaccharide (LPS) caused dete-
rioration of NSAID-induced ulcers. Additional studies
demonstrated that antimicrobials, like tetracycline [107],
kanamycin [109, 110], metronidazole [50, 110] and neo-
mycin + bacitracin [109] attenuate NSAID enteropathy,
thus giving further support to the pathogenic role of en-
teric bacteria. The evidence from animal experiments has
been confirmed in human studies, showing that metroni-
dazole, an antimicrobial mainly targeted against anaero-
bic organisms [111], significantly prevented indometha-
cin-induced increase of intestinal permeability in healthy
volunteers [112] and reduced inflammation and blood
loss in rheumatic patients taking NSAIDs (table 4) [113].
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Although metronidazole is able to protect against mito-
chondrial uncoupling induced by indomethacin [114], it
does not possess any ‘intrinsic’ anti-inflammatory activ-
ity [115]. Its beneficial effect on NSAID enteropathy is
therefore likely to be due to the antibacterial action. In
this connection, an elegant study [116] with microbio-
logical cultures of luminal aspirates was able to show that
small intestinal permeability is increased in subjects with
small intestine bacterial overgrowth (SIBO). This finding
can easily explain how antibacterial agents, by correct-
ing SIBO, could counterbalance intestinal permeability
changes which set in motion a series of pathophysiologi-
cal events leading to gross lesion formation.

A recent and interesting study [109] has shown that
both euthymic and athymic nude rats developed intesti-
nal ulcers following administration of indomethacin to
the same degree under conventional conditions, but no
or minimal ulcer under specific pathogen-free conditions.
Pretreatment of conventional rats with intragastric kana-
mycin sulfate, an aminoglycoside, attenuated indometh-
acin enteropathy in a dose-dependent fashion. Interest-
ingly, when LPS was injected intraperitoneally in kana-
mycin-pretreated rats, it fully restored enteropathy in a
dose-dependent manner, indicating that indomethacin
enteropathy is dependent on bacterial load (fig. 6) and
does not require a T-cell function. It has also been shown
that some of the pathogenic mechanisms involved in
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NSAID-induced intestinal damage may be consequence
of bacterial invasion [117] and that enterobacterial trans-
location to the mucosa represents the first step required
for activation of various factors such as iNOS/NO system
and neutrophils, all of which play a role in the pathogen-
esis of NSAID enteropathy. In this connection, it has been
shown that following indomethacin, the number of en-
terobacteria, inducible NO synthase activity and NO pro-
duction in the intestinal mucosa increase with time, and
these changes precede the occurrence of intestinal dam-
age. Treatment of the animals with both N%-nitro-L-ar-
ginine methyl ester (L-NAME) and aminoguanidine pre-
vented indomethacin-induced intestinal lesions, with
suppression of NO production. Both dexamethasone and
an inhibitor of interleukin-13/TNF-a production also re-
duce the severity of intestinal lesions as well as the in-
crease in iNOS activity following administration of indo-
methacin [117]. Likewise, the occurrence of intestinal
damage is attenuated by pretreatment of the animals with
anti-neutrophil serum, but none of these treatments, how-
ever, affected the translocation of enterobacteria to the
mucosa. By contrast, ampicillin suppressed the increase
in mucosal iNOS activity as well as the enterobacterial
numbers invaded in the mucosa and inhibited the occur-
rence of intestinal lesions after administration of indo-
methacin [117].
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Besides metronidazole, which also acts by reducing
leukocyte adherence and migration and scavenging free
radicals [118-120], sulfasalazine (a drug widely used
in the treatment of IBD), was shown to prevent acute in-
crements in intestinal permeability, and to reduce intes-
tinal inflammation and blood loss induced by different
NSAIDs [121]. Conversely from sulfasalazine, other
DMARDs? (like penicillamine, chlorochine and aurum
salts) proved to be completely ineffective [5, 121].

Despite all the above evidence, no clinical trials have
been formally carried out in humans in order to evaluate
the effect of antibiotics in the prevention of intestinal dam-
age induced by NSAIDs. Several barriers, including the
absence of clear relevant endpoints, the potential of ad-
verse effects and drug resistance associated with long-term
antimicrobial treatment, have precluded this interesting
approach. The current advancements in GI diagnostics
and therapeutics have now changed the old scenario. On
the one hand, actual mucosal damage can now be evalu-
ated non-invasively by capsule enteroscopy that can dem-
onstrate the effect of the therapy on subclinical markers
(erosions, ulcers, mucosal bleeding) of potential develop-
ment of serious clinical events. On the other hand, the
availability of poorly absorbed and effective antibiotics,
like rifaximin [122], allows nowadays to take this thera-
peutic approach into consideration amongst the strategies
to limit the extent of intestinal damage in some patients.
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Note Added in Proof

While this review was being submitted,
we came across an interesting case report
[124] showing how difficult the diagnosis of
NSAID-induced small bowel diaphragmat-
ic strictures could be. In a patient on long-
term low-dose (81 mg daily) aspirin for cor-
onary heart disease (CHD) presenting with
intermittent episodes of periumbilical pain
lasting approximately 12 h, associated with
bloating, nausea, vomiting, and diarrhea, an
extensive GI evaluation (including EGD,
colonoscopy with ileoscopy, barium con-
trast radiography of the small bowel, and
push enteroscopy with an overtube to
130 cm distal to the ligament of Treitz) was
negative. Only capsule endoscopy revealed
multiple ileal membranous strictures with
circumferential ulcerations that were oozing
blood. The diaphragm-like strictures dem-
onstrated by the video capsule in the ileum
were not apparent to visual inspection or by
palpation of the length of the small bowel
and only intraoperative endoscopy demon-
strated multiple ileal diaphragms with ulcer-
ation and active bleeding.

Prevention and treatment of NSAID-
enteropathy continues to be a challenge and
effective agents are needed. Oral recombi-
nant human lactoferrin (RHLF) supple-
mentation during a short-term indometha-
cin challenge reduced the NSAID-mediated
increase in small intestinal permeability
[125] and may therefore provide a nutri-
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tional tool in the treatment of hyperperme-
ability-associated disorders. In a recent ro-
dent study [126] this milk protein was effec-
tive in preventing acute NSAID-induced
increases in gut bleeding and myeloperoxi-
dase activity and also capable of blocking
some chronic manifestations associated
with indomethacin administration. Protec-
tion by RHLF of the intestinal tract from
NSAIDs was independent of prostaglan-
dins and nitric oxide and appeared to be
linked to attenuation of neutrophil migra-
tion to the intestine [126]. On the other
hand, besides being an anti-inflammatory
compound [127], lactoferrin displays prebi-
otic properties [128]. The well-known ca-
pacity of lactoferrin-derived peptides to
stimulate the growth of bifidobacteria [129]
may also be responsible for such protective
effect and further supports the manipula-
tion of bacterial flora as a means of prevent-
ing NSAID-induced damage to the small
bowel.

In addition to non-selective CINODs, a
series of proprietary nitric oxide-enhancing
COX-2 inhibitors has been synthesized
[130] in the hope of improving the efficacy
and safety of this class of drugs. A phase II
study on the lead compound (a rofecoxib
derivative), started in mid 2004 [131], has
been halted after Vioxx® withdrawal [132].
However, the search for new drug candi-
dates continues.
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